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Abstract

The research project involved the investigation of antibacterial, antifungal and
antioxidant substances from selected fungi, including endophytic fungi isolated from Garcinia
and mangrove plants, sea fan-derived fungi and soil fungi, as well as selected plants. In addition,
the screening and identification of potential antimicrobial fungi or bacteria from seagrasses, algae,
invertebrates and zingiberaceous plants were carried out.

26 New and 47 known metabolites were obtained from five Garcinia- and four
mangrove-derived endophytic fungi. (+)-Sclerotiorin, isolated from Penicillium sclerotiorum
PSU-A13, showed good antifungal activity against Cryptococcus neoformans with a minimum
inhibitory concentration (MIC) value of 32ug/ml. Microsphaeropsis arundinis PSU-G18
produced 1-(2,5-dihydroxyphenyl)-2-buten-1-one which displayed radical scavenging potency
with an IC, value of 0.018 mg/ml as strong as the standard butylated hydroxyanisole and
significant antifungal activity with the MIC values of 8, 32 and 32 ug/ml against Microsporum
gypseum SH-MU-4, C. albicans and C. neoformans, respectively.

Investigation of 10 sea-fan derived fungi resulted in the isolation of 31 new and 65
known  metabolites. = Among them, Trichoderma  aureoviride  PSU-F95  gave
coniothranthraquinone 1 and emodin which displayed strong antibacterial activity against
methicillin-resistant Staphylococcus aureus with the MIC values of 8 and 4 pg/ml, respectively.
Many anthraquinone and naphthoquinone derivatives were isolated as major constituents from
Fusarium spp. PSU-F14 and PSU-F135. As compounds of these types displayed interesting
cytotoxic activity, the isolated compounds from these fungi were tested for cytotoxic activity
against Vero, human oral carcinoma and human breast cancer (MCF-7) cells. Austrocortirubin
was selectively cytotoxic to MCF-7 cells with the IC,; value 6.3 #M and noncytotoxic to Vero
cells.

Six plants, including Garcinia prainiana, G. nervosa, Wedelia trilobata, Citrus hystrix,
Bouea oppositifolia and Mangifera foetida, were chemically investigated. Morelloflavone from
the leaves of G. prainiana, (+)-syringaresinol from the roots of C. hystrix, and, 4,2'4'-
tetrahydroxychalcone and luteolin 7-methylether from the flowers of W. trilobata displayed
higher radical scavenging potency than the standard butylated hydroxyanisole with the IC,; values

of 72, 76, 62 and 37 uM, respectively.



A total of 210 endophytic fungal isolates were isolated from four species of seagrasses
including Enhalus acoroides, Cymodocea rotundata, Halophila ovalis and Thalassia hemprichii
collected from Makham Bay, Trang province. Fungal identification based on morphological and
molecular characteristics revealed that these endophytic fnugi belonged to eight orders and 28
genera. The most prominent genus was Cladosporium (20 isolates) followed by Penicillium (17
isolates), Fusarium (11 isolates), Cochiliobolus, Nigrospora and Trichoderma (each of 9
isolates). All isolates were grown in potato dextrose broth (PDB) and extracted with organic
solvents to obtain crude ethyl acetae extracts from the culture broth (BE), crude ethyl acteate
extracts from the mycelia (CE) and crude hexane extracts from the mycelia (CH). Six hundred
and two extracts were obtained and tested against pathogenic microorganisms. MIC and minimal
bactericidal concentration (MBC) or minimal fungicidal concentration (MFC) were determined
by colorimetric microdilution. CE from Fusarium sp. ES73 showed the best antibacterial activity
against S. aureus ATCC25923 and methicillin-resistant S. aureus (MIC 8 pg/ml) while BE and
CH from Stephanonectria keithii ES172 inhibited S. aureus ATCC25923 with the MIC value of 8
pg/ml. BE from Aspergillus sp. ES4 had moderate activity against Escherichia coli ATCC25922
(MIC 32 pg/ml). Extracts that had anti-Pseudomonas aeruginosa ATCC27853 showed low
activity with the MIC value of 200 wg/ml. For antifunal activity it was found that CE from
Trichoderma sp. ES38, Trichoderma sp. ES8 and CH from Hypocreales sp. ES26 inhibited C.
albicans with MIC values of 1, 2 and 8 wg/ml, respectively, followed by CE from Fusarium sp.
ES73, CH from ES-190, Penicillium citrinum ES43 and Hypocreales sp. ES26 against C.
neoformans (MIC 1-4, 4, 8 and 8-16 ug/ml, respectively). CH from Hypocreales sp. ES26
showed the best activity against M. gypseum with MIC 2 pg/ml and MFC 16 pg/ml, which were
comparable to antifungal drug miconazole. CH and BE from Nigrospora sp. ES5 were also active
against M. gypseum (MIC/MFC 4/4 and 8/8 ug/m, respectively). CE from Schizophyllum
commune ES49 showed moderate activity against Penicillium marneffei clinical isolate
(MIC/MFC 16/64 pg/ml). In addition, 115 extrtacts from 86 endophytic fungal isolates were
tested for their antioxidant activity. BE from ES109 showed good antioxidant activity in the
DPPH test (IC,, 0.036 mg/ml) while BE from ES109 and Pleosporales sp. ES187 showed very
good activity against OH (IC,, 0.62 and 0.69 mg/ml) which were similar to the IC,, value of
standard tannin (0.5 mg/ml) and BE from Pleosporales sp. ES187 and ES200 aganst superoxide

anion (IC,; 0.22 and 0.32 mg/ml) as compared to the ICy, value of standard trolox (0.3 mg/ml).



Results from this study indicated that endophytic fungi from seagrasses are divers and could be a
good source of bioactive natural products.

To screen for marine fungi with antimicrobial substances, 105 fungal isolates were
isolated from algae and invertebrates from Chumphon, Nakhon Si Thammarat, and Phuket
provinces. Fermentation broths were tested for antimicrobial activity by agar diffusion method.
The results revealed that of the fermentation broths from a total of 105 isolates, 34 isolates
(32.4%) showed antimicrobial activities against at least one test organism. From 315 crude
extracts, 100 (31.7%), 108 (34.3%), 8 (2.5%), 51 (16.2%), 130 (42.3%), 144 (45.7%) and 42
(13.3%) extracts possessed inhibitory activities against S. aureus ATCC25923, Methicillin—
resistant S. aureus (MRSA) SKI1, Pseudomonas aeruginosa ATCC27853, Escherichia coli
ATCC25922, C. albicans ATCC90028, C. neoformans ATCC90112 and M. gypseum SH-MU4
with the MIC values in the range of 2-200, 8-200, 2-200, 128-200, 0.25-200, 0.25-200 and 32-200
pg/ml, respectively. Two, two and one crude extracts from marine fungi inhibited the growth of
S. aureus (MBC 128 and 128 pg/ml), C. neoformans (MFC 32 and 128 pg/ml) and C. albicans
(MFC 128 ug/ml), respectively.

Bacterial and fungal endophytes were isolated from seven zingiberaceous species Alpinia
galanga, A. malaccensis, Amomum siamense, Curcuma parviflora, Etlingera litteralis, Zingiber
cassumunar and Z. zerumbet. The efficiency of 144 representative strains (11 bacteria and 133
fungi) in inhibiting the in vitro growth of Fusarium oxysporum and Ralstonia solanacearum was
investigated. Endophytic fungi and bacteria were grown in five fermentation media. An agar well
diffusion assay method was used to check the activity of resulting crude extracts. Growth of F.
oxysporum was most strongly inhibited (15 mm inhibition zone diameter) by crude extract of ZB9
cultured in glucose yeast extract corn starch broth, while growth of R. solanacearum was most
strongly inhibited (16 mm inhibition zone diameter) by crude extracts of PDB141 and PDB152
cultured in potato dextrose galangal powder broth and PDB148 cultured in potato dextrose broth.
In screening of siderophore production, 37 fungal strains were grown on chrome azurol S (CAS
agar). Twenty five strains grew on CAS agar with yellow or pink halo forming around the
colonies. From this result some selected strains were then grown in MGs-1 broth to estimate
catechol-type siderophores and hydroxamate siderophores by Arnow and Ferric perchlorate
assays. A smaller halo zone producing strain PDB141 (150.71 pg/ml) produced higher

hydroxamate siderophore than PDB136 (3.33 zig/ml).



Key words: endophytic fungi, marine-derived fungi, soil fungi, endophytic bacteria, Garcinia
plant, mangrove plant, Garcinia prainiana, Citrus hystrix, Wedelia trilobata, antibacterial,

antifungal, antioxidant, fungal screening and identification
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Table 2 Natural products from selected plants

Number of isolated
Investigated Biological
Plant compounds output
part activity
new known
Garcinia prainiana Leaves 1 6 -Antioxidant Can. J. Chem.,
activity 2011, 89, 461-464.
Garcinia nervosa Twigs 0 10 * Abstract
Stem bark 0 9
Wedelia trilobata Flowers 1 7 -Antioxidant Manuscript
activity
Citrus hystrix Roots 7 32 -Antioxidant Manuscript
activity
-Anti-HIV
activity
-Antibacterial
activity
Bouea oppositifolia Leaves 0 2 * Report
Mangifera foetida Twigs ok 5 (3)** * Report

* not tested, ** 5 known and 3 unidentified compounds

msﬁuaﬂmﬂlmuwm (Garcinia prainiana) S10NENA (Citrus hystrix) HaZADNNTLAY

&y . ) I A Q(BJ a Y

NoUaDY (Wedelia trilobata) Wuasnanvanelsean VILLﬁﬂQi]VITJ@ﬂH@H?JUﬁ@ﬁiSiuﬁgﬂ‘ﬂﬂ

ﬁﬂﬁwmsmmgm 1&1A morelloflavone mﬂ‘lquﬁ (+)-syringaresinol 91NTINUENIA LA
Y v

3,4,2' 4'-tetrahydroxychalcone 9% luteolin 7-methyl ether mﬂﬂ@ﬂﬂizﬁ]&l‘ﬂﬂﬂlﬁ@ﬂ GENGE

IC,, 72,76, 62 1@ 37uM MUAINY
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< a U [ [ [
rotundata, Halophila ovalis ¢ Thalassia hemprichii INUINVITIUDNINSUIN WHIAATY 1

11




v
navun 210 ToTaan daswunTagorfeanyuzneduguInewaz35n1es) Tuana daus
v 3 A A
18 8 Order 28 Genus 10511 Genus Cladosporium wniiga 20 lolsan se3a3u1 Ao
Penicillium (17 lJ]:E]T‘ﬁﬂfd‘l/]), Fusarium (11 ”laicma‘ﬂ), Cochliobolus, Nigrospora W%
Y Y 4
Trichoderma 981982 9 lolaan Uusesinarua ldimziaealueimis potato dextrose broth
Y o v Y as =0 [V 1 9 o o
(pDB) udnhlanadaeismanii ldavwanaveiy 3 dau laun druananety ethyl acetate
v Y Y
D RIVAIGIR L kR (BE), dIUa@NANe1U hexane ananudulen (CH) uazaiuanaveny ethyl
1 Y 9 @ :/l o <y a A

acetate 1Indudulos (CE) lamsananinua 602 a13 1hliUnadeugnidugaunidne

Tsa uagr1A1 MIC 11a8g minimal bactericidal concentration (MBC) %30 minimal fdungicidal
1 % d‘d Q( =

concentration (MFC) A283% colorimetric microdilution WUIesanaNigniAuLuARS oA

~ o Y] z 3 Y4

nga AvdE1SENA CE 90 Fusarium sp. ES73 @uU1I08U8e S. aureus NATDITYNUT (MIC 8

4 2
Lg/ml) wazesana BE uaz CH 91n1%o Stephanonectria keithii ES172 191 MIC felyo .

A A

aureus ATCC25923 8 pg/ml @13ana BE 910 Aspergillus sp. ES4 ﬁqwﬁ%mmﬂmﬁﬂ
Escherichia coli ~ ATCC25922 1hunaly (MIC 32 ug/ml) aduansanafiigniai
Pseudomonas  aeruginosa ATCC27853 L“ﬂuﬁﬁﬁﬁﬂ‘ﬁﬁq%#ﬁ1 (MIC 200 fsg/ml) ﬁWﬁ%‘Uim%d
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Hypocreales sp. ES26 §usa C. atbicans War MIC 1, 2 a2 8 ug/ml MUAIAY dIU CE 910
Fusarium sp. ES73, CH 910 ES-190, Penicillium citrinum ES43 1ei¢ Hypocreales sp. ES26 gﬂgﬂ
C. neoformans A1 MIC 1-4, 4, 8 uae 816 pg/ml MUMGY wazasana CH 910
Hypocreales sp. ES26 Sansadudaio M gypseum 1@a11n 1A MIC 2 zg/ml 1laga1 MFC
16 ug/ml G?ﬂﬂé’!ﬁfmﬁ’uméfmﬂmmgm miconazole UBNIINTIAFEARA CH LAz BE 10
Nigrospora sp. ES5 gﬂgﬂ M. gypseum 1¢fs090931 (MIC/MFC 4/4 uae 8/8 ug/ml AUAIAL)
gauansana CE 0N Schizophyllum commune ES49 ﬁqm%gﬂmﬂmwi@vﬁ@ Penicillium
marneffei clinical isolate (MIC/MFC 16/64 ig/ml) wonmniigaldthmsana 115 msafa 910
(3031 86 'l Tiam uATeUNSALeULadaT NUMsdta BE 910 ES109 udasgniay
oYyya DPPH luszaud (IC,, 0.036 mgml) a13ena BE 910 ES109 1@y Pleosporales sp.
ES187 Aueyya OH T8lusedufunn (1C,, 0.62 waz 0.69 mg/ml) FalndiRssium 1C,, vos
813VINTFIU tannin (0.5 mg/ml) aza13ana BE 910 Pleosporales sp. ES187 1ag ES200 A
8@ superoxide anion TUszAVALIN (IC,, 0.22 18z 0.32 mg/ml) InAReaRUA1 IC,, VOIS
V1331 trolox (0.3 mg/ml)
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miﬁﬁmmﬂﬁ@uqﬁaﬁuéjﬁgSuvﬁ'ET WU Tasanaduau 100 (31.7%), 108 (34.3%), 8
(2.5%), 51 (16.2%), 130 (42.3%), 144(45.7%) uaz 42 (13.3%) asafaiaunsaduiaie s
aureus ATCC25923, Methicillin—resistant S. aureus (MRSA) SK1, Pseudomonas aeruginosa
ATCC27853, Escherichia coli ATCC25922, C. albicans ATCC90028, C. mneoformans
ATCC90112 uag M. gypseum SH-MU4 1§ Taglia1 MIC doradana g 1153 2-200, 8-200,
2-200, 128-200, 0.25-200, 0.25-200 LA 32-200 g/ml MUAIAY Az TATANATIUIU 2, 2 uag
1 ﬁﬁﬁmmmm'wﬁya S. aureus (MBC 128 uae 128 ug/ml), C. neoformans (MFC 32 11ag 128
ug/ml) uaz C. albicans (MFC 128  ug/ml) lamudidy mamsdAnwidanui 3031
Talaromyces trachyspermus ﬁuﬂn”lﬁmﬂmm'wﬁiimm Sargassum sp. uanmmza%’wmaﬁ
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@ A A 4 A dy
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[ 09/’ a Bldd' F)) 1 4 A
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[ I L 2
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v Y 4 v
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1 4 o [ o a 4 P 4
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7 ! < 1 s
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=& 1 4 ~ 9 ' v Y
pg/ml Fannnsuoula vy PDBI36 Nad19 halo zone v lvajuadas19laasonyuun las

e lsves Ao 3.33 ug/ml
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A = = A a a y = o
BUANEITIT9DNHNTNNFINTINIINITIAUDNAY NﬁﬂTiﬁﬂH1Iﬂﬂﬁ\1lmﬂﬂ\1u

wmue laviansuenla v Botryosphaeria rhodina PSU-M35 was PSU-M114

souenas mdsu 7 s 1-7) wazansnusenulaseaddwau 12 s

NI Botryosphaeria rhodina PSU-M35 az PSU-M114 uenainii lanaaeugniaiu

A A 7
HUANLTY SA L1ag MRSA "’UfNLiJ‘I/IT]_IE]llﬁ“I/l“I/I!LEJﬂ

o) Me
O & Me :‘Rz (@]
0
H3C R1 O R3 HO H o
Me :

1: R1 = ﬂ-H, R2 = CHon, R3 = Me Me

2: Ry = #H,R,=COMe, R;=H

3: Ry = aH, R, = CH,0H, R; = Me 4

Q OMe O Me
0] 0]
OH HO

5 Me 6 7

OH

V. Rukachaisirikul*, J. Arunpanichlert, Y. Sukpondma, S. Phongpaichit, and J. Sakayaroj, 2009.

Metabolites from the Endophytic Fungi Botryosphaeria rhodina PSU-M35 and PSU-MI114,

Tetrahedron, 65 (51), 10590-10595.

d d
mwmue lanvinsuenlalvi Diaporthaceous fungus PSU-H2 (PSU-G2)
ansauenas lvudauilueuiusues cyclohexenone §11aU 1 @13 (8) Laza1I il

518911 15993195119 6 @13 @A dothiorelone A (9), dothiorelone C (10), 2,3-dihydromyco-



epoxydiene (11), (+)-mycoepoxydiene (12), deacetylmycoepoxydiene (13) 1ag tyrosol (14)

dy 9 = I A 1 o < 9 P
‘Ll’E]ﬂ“’l]TﬂullﬂVl@]ﬁﬁ]TJE]‘V]‘ﬁﬂ”J13JL']J‘LlW“HG]’E]!“IfaﬁM%Liﬂlﬁ?ﬂﬂﬂlﬁ]ﬂm‘ﬂ"m@]lﬁ‘ﬂ‘ﬂl,!,Elﬂ

R o /\Me
Me Me 2
]
. OH R1
Me "
OH HO OH

9: R, =Me, R, = OH
10: R] :CHon, Rz =H

R2 14
11: R] :Rz = H, R3 =0Ac
12: R; =R, =double bond, R; = OAc
13: R; =R, =double bond, Ry = OH

U. Sommart, V. Rukachaisirikul®*, Y. Sukpondma, S. Phongpaichit, N. Hutadilok Towatana, P.
Graidist, Z. Hajiwangoh, and J. Sakayaroj, 2009. A Cyclohexenone Derivative from Diaporthaceous

Fungus PSU-H2, Arch. Pharm. Res., 32 (9), 1227-1231.

smue laninsuenlalvin Microsphaeropsis arundinis PSU-G18

annsounenas mismau 8 a3 Tasdailueyiius modiolin 1oz phthalide 061982 1
(15) uaz 8 (16-22) @13 mwddy wlewasinnmsnenuTassadiudisau 12 a3 1dun
4-hydroxybenzoic acid, modiolin (23), deoxycyclopaldic acid (24), 5,7-dihydroxy-4,6-dimethyl-
1(3H)-isobenzofuranone (25), 5-hydroxy-7-methoxy-4-(methoxymethyl)-6-methylisobenzofuran-
1(3H)-one  (26), 5-hydroxy-7-methoxy-4,6-dimethylphthalide (27), 7-methoxy-3,4,5,6-
tetramethylphthalide (28), sclerin (29), 6-hydroxy-2-methyl-4-chromanone (30), modiolide B
(31), sclerotinin A (32), and 1-(2,5-dihydroxyphenyl)-2-buten-1-one (33) wazldnae E]UQT]%J%H

Aa Y &L Sy a
LUANLTY ATULTD I Lms’,qmmuauga@ﬁiz

Re o
Rs
O
R >
R,  OCHMe
15 18 : R, = CHO, R, = OMe, R; = Me, R, = OH

19: R, = CH,OMe, R, = OH, R; = Me, R, = OMe
20 : R1 = CH20CH2Me, R2 = OH, R3 = Me, R4 = OMe
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R4 O OMe (e}
R3 Me
0 0
R; HO
R OMe
1 OMe
16 : R, = CH,OCH,Me, R, = OH, R; = Me, R, = OMe 21
17: Ry =CHO, Ry = OMe, R; = Me, R, = OH
24 : R, =CHO, R, = OH, Ry = Me, R, = OMe OMe o
25:R1=R3=M6,R2=R4=OH Me
26 : R1 = CHzoMe, R2 = OH, R3 = Me, R4 = OMe 0]
27:R1=R3=Me, R2=OH, R4=0Me 0 s
OMe
Me/}\
OMe 0" 22
Me 0 Me
X Me
| OH 0 0
COzCHzMe Me HO
23 Me Me
0" ™M
OH O 28 20 ©
Me 0 HO, o) CHs,
., A /
R --|R‘1
4 R, X 0~ “Me
Me R, © HO OH
29:R1+R2=O,R3=R4=Me 31
32:R1=R3=MG,R2=R4=OH 33

U. Sommart, V. Rukachaisirikul,* K. Tadpetch, Y. Sukpondma, S. Phongpaichit, N. Hutadilok-
Towatana and J. Sakayaroj, Modiolin and Phthalide Derivatives from the Endophytic Fungus

Microsphaeropsis arundinis PSU-G18, submitted manuscript.

semuelanionswenIalun Penicillium sclerotiorum PSU-A13
aunsouena1s Il ldsmau 3 asdaiiueyiuives azaphilone $1191 2 a3 (34-
35) 1AZOYWUTVDY pyrone $1UIU 1 &15 (36) wlonasinseaunsadies oy 6 as
1aun 4-hydroxyacetophenone (37), dechloroisochromophilone III (38), (+)-sclerotiorin (39), 2,4-
dihydroxy-6-(5',7'S-dimethyl-2"-oxo0-trans-3'-trans-5"-nonadienyl)-3-methylbenzaldehyde (40),
(H)-(2EAE -65)-4,6-dimethylocta-2,4-dienoic ~ acid  (41)  uaz  (55,6R)-5,6-dihydro-3,5,6-

Y
a 9 A

trimethylpyran-2-one (42) uaz ldnagougniduaunsduazduie HIV 1

9

Ry
M =
RER4 R,
$_d
34:R1=R4=R5=R6=H,R2=R3=OH,R7+R8= 7< ﬁ
Me  Me
35:R1=R4=R5=R6=H,R2=R3=R7=R8=OH Me
38: R1 = R4 = R5 = RG = H, R2 = R3 = OH, R7+R8 = double bond H
39: R1 =Cl, R2 = OAc, R3+R4 =0, R5+R6 = R7+R8 = double bond 37
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J. Arunpanichlert, V. Rukachaisirikul*, Y. Sukpondma, S. Phongpaichit, S. Tewtrakul, N.
Rungjindamai, and J. Sakayaroj, 2010. Azaphilone and Isocoumarin Derivatives from the
Endophytic Fungus Penicillium sclerotiorum PSU-A13, Chem. Pharm. Bulletin., 58 (8), 1033-

1036.

d d
wmue lanionsuen)alvn Pestalotiopsis sp. PSU-MA92
aunsauonanind1diman 3 asdailueyiiuiues pyrone (43-45) nwiouasiil

snulassasiessiuiu 1 s 1aun 2'-hydroxy-3”,4'-didehydropenicillide (46) tag lanagoy

43 44:R;=R3=H, R, = OH 46 Me
45: R1=R2=H, R3=Me HO

V. Rukachaisirikul,* A. Rodglin, S. Phongpaichit, J. Buatong, J. Sakayaroj, a-Pyrone and
Seiricuprolide Derivatives from the Mangrove-derived Fungi Pestalotiopsis spp. PSU-MA92 and

PSU-MA119, Phytochem. Lett. (2011), doi:10.1016/j.phytol.2011.08.008.

d d
mwmue lanainsuenIaldn Pestalotiopsis sp. PSU-MA119
asouenas ndldamnu 2 a5 47-48) uazansnimssiean Iasaasiadn

$1uu 1 a3 Tdun seiricuprolide (49) @15 1naj 47 non'ldlugiloyiutesdma uaz ldnaaoy

(0] OH \\\OH
S
"/OH
HO -
47

V. Rukachaisirikul,* A. Rodglin, S. Phongpaichit, J. Buatong, J. Sakayaroj, ¢-Pyrone and

"/OH

Seiricuprolide Derivatives from the Mangrove-derived Fungi Pestalotiopsis spp. PSU-MA92 and

PSU-MA19, Phytochem. Lett. (2011), doi:10.1016/j.phytol.2011.08.008.
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OMe OH OH

50 51

OH

d d
mwmye lanainsuenIaldn Xylaria sp. PSU-STD70

=3 a’dy n 9y A o
%1ﬂﬂ1'§ﬁﬂ‘]ﬁ151lﬂuiﬂhl“l’\h/lu mmmuﬂﬂmﬂm"lﬂ 2 @17 A0 OUNWUT tyrosol (52) uag

]
A

PUWUT sesquiterpene (53) $1wupdWa 1 813 uazasnimssenulaseaiiadl 6 s
(R)-(-)-mellein methyl ether (54), 5-methoxycarbonylmellein (55), cytochalasin D (56), tyrosol

(14), (R)-(-)-5-carboxymellein (57) ttag 1,6-dihydroxy-3-methoxy-8-methylxanthone (58) uaz'ld

= a A
ﬂﬂﬁﬂﬂﬂﬂ‘ﬁéﬁui}ﬁuﬂiﬂ
HO,

HZCEZ_\O
Me
R, O
O
Y Me
Ro

54: R, = OMe, R, = H
55: R1 = OH, R2 = COzMe
57: R1 = OH, R2 = COzH

W. Pongcharoen,* V. Rukachaisirikul, S. Phongpaichit and J. Sakayaroj, Fungal Metabolites

from the Endophytic Fungus Xylaria sp. PSU-STD70, manuscript.

mwmuelanansinzia Aspergillus sp. PSU-F154

asousnas Il las i 5 as (59-63) uazensnimssenulasaadiadn
Y v Y
U 10 ansnnavananeusin@eauie 1aun (+)-(7)-sydonic acid (64), (7R, 8R)-AGI-B4

(65), (7R, 8S)-[diversonolic ester (66), methyl 8-hydroxy-6-methyl-9-oxo0-9H-xanthene-1-
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carboxylate (67), sydowinins A (68) tiag B (69), pinselin (70), methyl 1,6-dihydroxy-3-methyl-9-
ox0-9H-xanthene-1-carboxylate (71), (11S,145)-cyclo-(L-try-L-phe) (72) 1a¥ orcinol UONIINI

Y =y a A Y
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Me OH
HO OH (0) HO OH
Me O
59 60 61:R=Me ©
64:R=H
0O
H
MeO— R, O O MeO.__O o OH o
HO
(LK be8e ' WQ
HN
R (0)
2 Ry () H
Rs R4 R o]
3
62: Ry = pH, Ry + Ry =double bond, Ry=H 67:R;=R,=R3=H 72

63: Ry = «-OH, R, =R3=H, R, = OH
65: Ry = f-H, R, + R3 = double bond, R4 = OH
66: R; = -OH, R, =R3=R4=H

68:R;=R,=H, Ry = OH
69:R;=OH,R;=R3=H
70:R, =Ry = OH, R, = H

71:R;=R3=H,R,=OH
K. Trisuwan, V. Rukachaisirikul,* M. Keawpet, S. Phongpaichit, N. Hutadilok-Towatana, S.
Preedanon and J. Sakayaroj, Sesquiterpene and Xanthone Derivatives from the Sea Fan—Derived

Fungus Aspergillus sydowii PSU-F154, J. Nat. Prod., 2011, 74, 1663-1667.

d
wmuelanansnzta Curvularia sp. PSU-F22
usouenas Imus i 3 as (73-75) uazasnimssenu Inseasandisiuau
6 a3 laun modiolide A (76) modiolide B (77), pyrenolide A (78), stagonolide E (79),

Liy Q‘{ = =
mycoepoxydiene (12), (481 deacetylmycoepoxydiene (13) uaﬂmﬂu”léjmﬁauqméfmqaum5

voIa1Inuen la
o)
O OH OH
HO™ Y
(@) | Me OH
P OH |
Me OH OH Me
73 74:R, =R, = OH 75

76: R, = H, R, = OH
77:R1:R2:H

K. Trisuwan, V. Rukachaisirikul*, S. Phongpaichit, S. Preedanon, and J. Sakayaroj, Modiolide
and Pyrone Derivatives from the Sea Fan-Derived Fungus Curvularia sp. PSU-F22, Arch. Pharm.

Res., 2011, 34 (5), 709-714.
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wmuelanansmzia Fusarium sp. PSU-F14

AWITOUENET IHUIIUIU T 15 (80) pazansiiseaulaseaiediuau 7 s
l'l,@s{l,m'(2S,3R,4aS,9R,9aS)-9—hydroxydihydrodesoxybostrycin (81), 9a-hydroxyhalorosellinia A
(82), nigrosporin A (83), bostrycin (85), austrocortirubin (86), (+)-dehydrovomifoliol (87), 2-
(2',S-hydroxypropyl)-5-methyl-7-hydroxychromone  (88) ﬂ1ﬂﬁ3uﬁﬁﬂﬂﬂ1ﬂ1§n§ﬂﬂl§ﬂﬁ
Fusarium sp. PSU-F14 wonmInfiSauena stz InssadaiuAnsn 1y 2 a3 fo
nigrosporin B (84) 118 uridine (89) MIN@IUARANEIUINEAS maamu"lﬁ%mamﬁeuqm?
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ATULUANLTY ATUHUIAUTY Gﬂu’ijiﬂ uazmmgﬂuwymawaammmmm”laﬂmmﬂ”lﬂ
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OH MeO Me

O R Rs OH O

80:R1=OH,R2=R3=H 83:R1=OH,R2=R3=H 86
81: Ry =Ry = H, R, = OH 84: Ry = Ry = H, R, = OH

82:R1=H,R2=R3=OH 85:R1=R2=R3=OH O

Cr
Me O

Ho. N O
HO (@) Me

HO OH

88 89

K. Trisuwan, N. Khamthong, V. Rukachaisirikul*, S. Phongpaichit, S. Preedanon, and J.
Sakayaroj, 2010. Anthraquinone, Cyclopentanone and Naphthoquinone Derivatives from the Sea

Fan-Derived Fungi Fusarium spp. PSU-F14 and PSU-F135, J. Nat. Prod., 73 (9), 1507-1511.

mmuelanansmzia Fusarium sp. PSU-F135

annsouenas Ivii L 4 815 (90-93) tazansinmsrenulassadiudiiuay
9 a3 laun aspergillol B (94), (+)-solaninol (95), 2,3-dihydro-5-hydroxy-8-methoxy-2,4-
dimethylnaphtho[1,2-b]furan-6,9-dione  (96), 5-hydroxy-8-methoxy-2,4-dimethylnaphtho[1,2-
blfuran-6,9-dione (97), javanicin (98), fusarubin (99), methyl ether fusarubin (100),
anhydrofusarubin (101) 1182 tyrosol (14) taz ldnsnagevgnisuuuaiite duinaise

Y Y] I~ a 1 4 P 9
Gﬂuﬂmiiﬂ uazmmgﬂuwymmaamaqmmm"la‘wmwﬂ"lﬂ
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OH OH OH o

MeO

OH O on

90 92 o0 OH

Co.
Me R, O OH R2R
O OH O o MeO !
MeO Me MeO R4
(I Te/ (1
Me Me

O OH O OH 99 : R1 OH, R2—
95: R, = H, R, = OH 97: Ry + R, = double bond 100: R; = OMe, R, = H
96:R;+R,=0 98:R;=R,=H 101: R, + R, = double bond

K. Trisuwan, N. Khamthong, V. Rukachaisirikul*, S. Phongpaichit, S. Preedanon, and J.
Sakayaroj, 2010. Anthraquinone, Cyclopentanone and Naphthoquinone Derivatives from the Sea

Fan-Derived Fungi Fusarium spp. PSU-F14 and PSU-F135, J. Nat. Prod., 73 (9), 1507-1511.

d
wmuelanansmeta Nigrospora sp. PSU-F11 ttag PSU-F12
asouenas nd ldamnu 2 a1s (102-103) wieudeasnimMssenuInsaadig
VAU 6 15 laun tyrosol (14), 4-hydroxybenzoic acid (104), aplysiopsene D (105), 3-

isochromanone (106), (-)-drimenein (107) t4ag diketopiperazine (108) uaxma%ﬁauqm%ﬁm

a A 9 a I a 1 4
HUANLIY mmmgag,a@ﬁsmazmmzﬂuwymmaa
R% R1 0]

RS//,

Rs 104
102:R1=R3=H,Ry;=R4=0H, Rs = a-H
103:R;=R,=0H, Ry =R3=H, R; = p-H

106

V. Rukachaisirikul*, N. Khamthong, Y. Sukpondma, S. Phongpaichit, N. Hutadilok-Towatana,
P. Graidist, J. Sakayaroj, and K. Kirtikara, 2010. Cyclohexene, Diketopiperazine, Lactone and
Phenol Derivatives from the Sea Fan-derived Fungi Nigrospora sp. PSU-F11 and PSU-F12, Arch.
Pharm. Res., 33 (3), 375-380.
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mwmuelanansinzia Nigrospora sp. PSU-F18

ansousnas Inalszinn pyrones 1d3119% 4 @13 (109-112) Az RTMITIoNU
Taseadraudrsmu 5 as 1dun solanapyrone A (113), (+)-phomalactone (114), 5-(S)-[1-
(1(S)-hydroxybut-2-enyl)]-dihydrofuran-2-one (115), musacin F (116) a2 tyrosol (14) waz'ld

=y A A A Y
ATIRADUYNIAULUANLIY "U’t’)\jﬁ']ﬁﬂllﬂﬂvlﬂ

O _H 9 9
o] o)
0 S M | l
e NS
OMe
O~ S |
H 112 Me OH
Me,,, 114
OH
o)
R, OWMG
H R3 -, R1
109: R; = OMe, R, = H, R = OH "R,

110: Ry = NHCH,CH,OH, R, = H, Ry = OH
111: Ry = NHCH,CH,OH, R, = OH, Ry = H
113: Ry = OMe, R, = Ry = H

115: R1 = R2= H
116: Ry = H, R, = OH

K. Trisuwan, V. Rukachaisirikul*, Y. Sukpondma, S. Preedanon, S. Phongpaichit and J.
Sakayaroj, 2009. Pyrone Derivatives from the Marine-derived Fungus Nigrospora sp. PSU-F18,
Phytochemistry, 70 (3), 554-557.

!Nﬂ]ﬂ@ﬂﬂﬁ‘iﬂﬂi‘lﬂglﬂ Penicillium sp. PSU-F40

annTouenas IMUS AU 9 a3 (117-125) tazansiitisean InTea e s ans
1@uA T™MC-120B (126), TMC-120C (127), 1-(2,4-dihydroxy-6-methylphenyl)-3-methyl-1-
butanone (128), 2-(2-methoxybenzoly)pyrrole (129) 1@ nicotinic acid (130) u@ﬂﬁnﬂf:’llglj

=y A @ Y
Vlﬂﬁf]ﬂi]ﬂ‘ﬁ@"luuﬂﬂﬂliﬂ‘llﬂﬂL3J°VITUﬂllﬁVWI!LEJﬂulﬂ

117: R»] + R2 = double bond, R3 = H, R4 = OMe, R5 = Me
118: R =R, =R; =H, R3=OM6, R5=0!-Me
119:R; =R, =R, =H. R, = OH, Rs = a- Me

o o OH
Me HO
0 (o] | | NH HO" | OH
Me
OH Me” N OHHO > “Me  Me” O | 124
120: Ry =H, R, = Me 122 123
121: R;=OH, R, = a- Me OH
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Me O Me
Me

\ 0
—
O _— HOzc AN
0 HN / ‘ _
R2 HO OH N

Me OMe
MeR1
128 129 130

125: Ry =H,R, =R3=0H
126: R + R, = double bond, R; = H
127: Ry =R3=H, R, =OH

K. Trisuwan, V. Rukachaisirikul*, Y. Sukpondma, S. Phongpaichit, S. Preedanon, and J. Sakayaroj,
2010. Furo[3,2-h]isochroman, Furo[3,2-h]isoquinoline, Isochroman, Phenol, Pyranone and Pyrone
Derivatives from the Sea Fan-derived Fungus Penicillium sp. PSU-F40, Tetrahedron, 66 (25), 4484-

4489.

wmuelanonsmeta Trichoderma sp. PSU-F95

ﬁ?NWiﬂLLﬂﬂﬁTiﬂlﬁijjﬁﬁ']uju 2 15 (131-132) Llﬁ$ﬁ1§‘ﬁﬁﬂTﬁiTﬂQTUIﬂﬁﬂﬁ%}TQLLéjﬁ
§19u 7 asnduasanetiiaeade 1dun coniothranthraquinone (133), aloesone (134),
2-(2'S-hydroxypropyl)-5-methyl-7-hydroxychromone  (135),  isorhodoptilometrin ~ (136),
pachybasin (137), 1-hydroxy-3-methoxyanthraquinone (138) (8% 2-methylquinizarin (139)
u’f]ﬂﬂWﬂﬁg\iﬁuﬂﬁﬂllﬂﬂﬁ'ﬁﬁﬁi18\‘1’]1!1?]5\3'&7%/1\1!1?‘;“laﬂaﬂﬁWHﬂu 4 ﬁWiﬂ’lﬂd'ﬂumﬂQl%ﬁﬁ
1@ w-hydroxypachybasin (140), chrysophanol (141), emodin (142) 182 @-hydroxyemodin

dy 9 <y A A s Y
(143) Llf]ﬂiﬂﬂLlhlﬂﬂﬂ’dﬁ]ﬂ’q‘ﬂ‘ﬁ@nu!L“]Jﬂﬂl‘iﬂﬂl@\‘imﬂﬁjﬂqﬁ‘ﬂﬂuﬂﬂqﬂ

0
OH O OR
! OH © Me Rs O
. LI
S HO 0 on R © Me
H 134: R, = =0, R, = OH, R; = Me
132 135: R, =R, = OH, Ry = Me

131: R = CH,OH
133: R=Me

136: R, = CH,CH(OH)Me, R, = H, Ry = R, = OH
Ry, O OH 137: R, =Me, Ry = R3 = R, = H

138: R1 =OMe, R2= R3= R4= H

139: R, = Me, R, = OH, Ry = R, = H

140: R1 = CHon, R2 = R3 = R4 =H
R3 R1 141R1 =Me, R2=R3=H, R4=OH

5 R 142: R, = Me, R, = H, R; = R, = OH
2 143: R, = CH,OH, R, = H, Ry = R, = OH

N. Khamthong, V. Rukachaisirikul,* K. Tadpetch, M. Kaewpet, S. Phongpaichit, S. Preedanon,
and J. Sakayaroj, Tetrahydroanthraquinone and Xanthone Derivatives from the Marine-Derived

Fungus Trichoderma aureoviride PSUF95, Arch. Pharm. Res., accepted.
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mmuelanansmzia Xylaria sp. PSU-F100

gusouend1s Imudszinn [11]cytochalasin 31UIU 1 915 (144) Az its B9
Taseadadau 6 ens laun (R)-(-)-mellein methyl ether (145), (R)-(-)-5-carboxymellein (146),
(R)-(-)-5-hydroxymethylmellein  (147), 6-[(1R)-1-hydroxypentyl]-4-methoxy-2H-pyran-2-one
(148),” (2E,45)-2,4-dimethyloct-2-enoic acid (149) u@ag piliformic acid (150) yonvIng 14

=y A @ Y
ﬂﬂﬁﬂ'ﬂﬂﬂ‘ﬁ@lTHLL']JﬂVl!ﬁEJ“IIi’NHJ‘V]”I‘]Jﬂllﬂ‘ﬂ‘ﬂuflﬂulﬂ

“'Me
R,

145: R, = OMe, R, = H
146: R, = OH, R, = CO,H
147: R, = OH, R, = CH,OH

OMe 0
\ Me Me HO / Me
HO X Me HO
Me - >o07 No o Me
OH 148 149 o 150

V. Rukachaisirikul*, N. Khamthong, Y. Sukpondma, C. Pakawatchai, S. Phongpaichit, J.
Sakayaroj, and K. Kirtikara, 2009. An [11]Cytochalasin Derivative from the Marine-derived

Fungus Xylaria sp. PSU-F100, Chem. Pharm. Bull., 57 (12), 1409-1411.

d a
WMo 1aionNIAU Aspergillus terreus PSU-RSPG187
ANIOUENDIAYTENOUMUATVRIAIUN UTOUTDITIAY A, ferreus PSU-RSPGI87
lavanua 4 15 vaziingwIaseadiawdl 2 @15 Av o, P-dehydrocurvularin (151) 1Az 5,6-

1 ' a o (Y]
dehydropestalotin (152) 1AZDg3zHINMINATIZH 1ATIA519 2 @15 (SeazPealus eI

111 42)
O O0._sCH; OH
HO H3CO N CH3
N | o
OH O O
151 152
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RIIGRI
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llﬂﬂ?ﬂWiﬁﬂ‘]sﬂWﬂWlﬂﬂlﬁ@ﬂﬂ"lu'lu 6 THA FWNTOLYNANT IHULAZEITNUNITTIBNU

9
v A

Iﬂi\iﬁ%jN!Léj’JEﬁWu’Ju 9 1z 70 @13 AWERL wamsAny1 Iaedavlacil

msﬁ’mawaﬁaazmnquwm (Garcinia prainiana)

Q

]
Q{d =

aunsauenasusgninimaenulassaiiudr1iwau 6 @15 Ao friedelin (153),
naringenin 7-O-/D-glucuronide (154), eriodictyol 7-O-#D-glucuronide (155), (-)-GB-1a (156),
(+)-morelloflavone (157) itae amenthoflavone (158) AABAIUET IHUIIUIU 1 @15 (159) uaz

7 )
lanaaeugniaueyyaddszvesasusgninuen Ia
Me Me

OH
R1
@ R
HO
OH

154: R1=R2=H OH

155 R1=H,R2=0H
159: Ri=Me,R2=H

OH O
156:R1=R2=R3=H
157:R1+ R2=doubk bond,R3=0OH OH O

S. Klaiklay, Y. Sukpondma*, V. Rukachaisirikul, N. Hutadilok-Towatana and K. Chareonrat,

Flavanone Glucuronides from the Leaves of Garcinia prainiana, Can. J. Chem., 2011, 89, 461-

464.

J
aanilszneumaninuzyaih (Garcinia nervosa)

'
<

wenduasanunnnawzyathdeis asnInns il aunsauenansuSaninims
s1ulassa1adisiuay 10 a5 1aun friedelin (153),' (-)-GB-1a (156),” (+)-morelloflavone
(157),3 fukuside (160),4 xanthochymusside (161),5 (-)-GB-2a (162),2 (+)-morelloflavone-7-sulfate
(163),6 4',5,5”,7,7”-pentahydroxyﬂavanone-3,8”-chromone (164),7 (R)-(-)-mellein (165)8 nay

cadelene (166)9
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160: R4 + R, = double bond
161: Ry =R, =H

R2
OH O
162: R =R, =H, R3=0OH HO!
163: R + R, = double bond, R3 = OH
Me 9 .
s OH /Me
", OO 165
o] N
R3 Me
R1
R2 Me Me
166

PR

1 Y A 1 9 an = a adaa
LLEJﬂET’JL!ﬁﬂﬂ‘HEJTUmﬂL‘IJﬁ’E)ﬂiJzWuﬂﬂ1ﬂ’JfJ’J‘ﬁIﬂﬂJﬂﬂﬂi1w FWITOUINAITUITTNTNY

mysenuIassadiadiiiuon 9 a1s laun (-)-GB-1a (156),2 (+)-morelloflavone (157),3 1,5-

dihydroxyxanthone (1 67)," 1 ,4,5-trihydroxyxanthone (168)," 2,5-dihydroxy-1-methoxyxanthone

(169),12 montroumarin (170),13 annulatomarin (171),14 benzofuran derivative (172)15 uag (+)-

(3R)-3-hydroxy-4,4-dimethyl-4-butyrolactone (173)"° Tawgens 173 uonlugoyiusoding

R4

OH O OH a
R
0
R2
0 HO Me
Rs Me oH
167: Ry =R, = H, R; = OH 170:R =H 173
168: R1 =R3=0H, R, =H 171: R = OMe

169: Ry = H, R, = OH, R; = OMe

1PNA1591909

1.

Sunisa Salae, T. 2006. Chemical Constituents from the Twigs, Seeds and Fruits of Garcinia
nervosa. Master of Science Thesis in Organic Chemistry, Prince of Songkla University.
Terashima, K., Kondo, Y., Aqgil, M., Waziri, M. and Niwa M. 1999. Heterocycles 50 (1),
283-290.

Sukpondma, Y., Rukachaisirikul, V. and Phongpaichit, S. 2005. J. Nat. Prod. 68 (7), 1010-
1017.

Hussain, R. A., and Waterman, P. G. 1982. Phytochemistry 21 (6), 1393-1396.

Chen, F.-C., Lin, Y.-M. and Hung, J.-C. 1975. Phytochemistry 14 (3), 818-820.

27



10.

11.

12.

13.

14.

15.

16.

Li, X.-C., Joshi, A. S., Tan, B., ElSohly, H. N., Walker, L. A., Zjawiony J. K. and Ferreira,
D. 2002. Tetrahedron 58, 8709-8717.

Ansari, W. H., Rahman, W., Barraclough, D., Maynard, R. and Scheinmann, F. 1976. J.
Chem. Soc. Perkin Trans. 1. 1458-1463.

Dimitriadis, C., Gill, M. and Harte, M. F. 1997. Tetrahedron-Asym. 8 (13), 2153-2158.
Watson, J. S., Pearson, V. K., Gilmour, 1. and Sephton, M. A. 2003. Org. Geochem. 34, 37-
47.

Francios, A.; Waffo, K.; Mulhohand, D.; Wansi, D. J.; Meva, L.; Powo, R.; Mpondo, N. T.;
Fomum, T. Z.; Augustin, K.; Ephrem, W. 2005. Chem. Pharm. Bull. 54, 448-451.

linuma, M.; Tosa, H., Tanaka, T.; Asaif, F.; Shimano, R. 1994. Phytochemistry 38, 247-249.
Minami, H.; Emi, T.; Misuak, K.; Yoshiyasu, F. 1996. Phytochemistry 41, 623-629.

Ito, C.; Mishina, Y.; Litaudon, M.; Cosson, J. P.; Furukawa, H. 2000. Phytochemistry 53,
1043-1046.

Nedialkov, P. T.; Zheleva-Dimitrova, D.; Girreser, U.; Kitanov, G. M. 2007. Nat. Prod. Res.
Part 4 21, 1056-1060.

Byrne, E.; Cahill, D. M.; Shannon, P. V. R. 1970. J. Chem. Soc. C. 12, 1637-1641.

Ahmed, A.; Taha, A. H.; Ahmed, A. M.; Mohamed, A. F.; Pare, P.; Malgorzata, W.;

Karchesy, J.; Marby, J. T. 2004. Phytochemistry 65,2539-2543.

A3AURYYADAIZIINABNNIZANNOUADY (Wedelia trilobata)
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tetrahydroxychalcone (175), 3 a-tigloyloxykaur-16-en-19-oic acid (176), 3a.-cimnamoyloxykaur-

16-en-19-oic acid (177), tetrachyrin (178), luteolin 7-methylether (179) gallic acid methyl ester
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176: R1=R2=Me 0
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Y. Sukpondma,* V. Rukachaisirikul, K. Monprasart, N. Hutadilok-Towatana, A

Dihydrochalcone Derivative from the Flowers of Wedelia trilobata, manuscript.

Y . .
AIMUDUYADATDINIINNENIA (Citrus hystrix)
dauananeuezd Inuvessinuznga ethwmenuazi ldusgniareisnalas
1 Innal ensonenans Iuu'ld $1uu 7 a3 (182-188)  wazasNNTIeu InsIas

4 o dy Yy Q‘fsl a 9 a =4 9 dy
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K. Panthong,* Y. Srisud, V. Rukachaisirikul, N. Hutadilok-Towatana, S. Piyawan
Voravuthikunchai, S. Tewtrakul, Acridone, Benzene, Coumarin and Quinolinone Derivatives

from the Roots of Citrus hystrix, manuscript.
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pandszneumaniinnlunzes (Bouea oppositifolia)
AWNTOUINETUTENT 1AW 2 @15AD gallic acid methyl ester (189) LAz

myricetin-3-o-thamnoside (190) (3182210801 H51891HIETIT 56)
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HO OH
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Vero cell u@immﬁaﬁugamm%ummmaﬁ'mﬁq KB ttaz MCF7 1@ fia IC,, og1u13 20.25-
49.76 uaz 13.11-46.67 pg/ml muday asaiadulvaiiarsndndy mellein, p-hydroxy
benzoic acid 1% tyrosol waﬂﬁﬁﬂyﬂuﬂﬁzqﬁyu,tmﬂﬁﬁﬁu”j13nauhiﬂﬁmﬂmjmzmﬁmm
wannanonaziuraesanseengninaFanwiitauls

O. Supaphon, S. Phongpaichit,* V. Rukachaisirikul and J. Sakayaroj, Diversity and
Antimicrobial Activity of Endophytic Fungi Isolated from the Seagrass Enhalus acoroides,

manuscript 1L 18azR8Al U BNUIVTT 74

MIUSNUAZTMUNIINIA

'
a a

Y] i a a -4 a o g
TumsAadensmziainaamsdugaunisnndidizialunzia  lashimsueniyos

' o ] o o o @ <]
tﬂglﬁ%']ﬂﬁ']ﬁﬁWﬂllagﬁﬁiqﬂﬁﬂﬁgﬂﬂﬁl‘lﬁaq AMNWINIAYUNT Uﬂ§ﬁ§ﬁ3§3~151% Lagning {lu

Q U

] ' 2 v
FENIADUUNIIAN-NTNG AN 2553 TAFRI 191U 105 To Tanaa iethumaaeugniiuds

Y
o

a =4 dy dy 9 as . . 1 Y 9 0 Ao 09)/

PAUNTYVIUNAUUTONIIIT  agar diffusion HAZNATD UM INANUINVUMFTANYVEINIT
a a Y4 Y Y o A a A A Y Y o A
RIYVONIYAUNTY MIC) HAZANUUNUUATTANNULUANLTY (MBC) HIDANUVNVUAITAN

k2 Y v k2
HUFDT (MFC) ﬂlﬂdﬁﬁﬁﬁlﬂﬁlﬂmg colorimetric microdilution WU 9101 UASUFDIIDIUIU

Ce

a =

dg} dy dy PR = o Y Y
105 llf’JI“]flaG] VUUAYIBDIT 34 ]1@1%’!,?1@] (32.4%) mqmﬂumiﬂumaumfﬂﬂammaa 1

a

9
Yo o 4 '

¥ila waznInSaNasasane 315 msihumadengnisuinaunis wut fasade
U 100 (31.7%), 108 (34.3%), 8 (2.5%), 51 (16.2%), 130 (42.3%), 144(45.7%) Uay 42
(13.3%) a15ana ﬁﬁ’W?JﬁﬂEQJJ“]JgQLG]d;}@ S. aureus ATCC25923, Methicillin—resistant S. aureus
(MRSA) SK1, Pseudomonas aeruginosa ATCC27853, Escherichia coli ATCC25922, Candida
albicans ATCC90028, Crytococcus neoformans ATCC90112 Uag Microsporum gypseum SH-
MU4 1§ Taefiih MIC sieifodand g 114939 2-200, 8-200, 2-200, 128-200, 0.25-200, 0.25-

v k2
200 1Az 32-200 g/ml MNAIAY uazliasanasIvan 2, 2 wag 1 asnansesinie s

32



aureus (MBC 128 uae 128 ug/ml), C. neoformans (MEC 32 11ag 128 wug/ml) uay C. albicans
(MFC 128 pg/ml) T@eud1dy wamsanydawui 15051 Talaromyces trachyspermus NLOR

' oy { [ 4 a
ldnnamsedinma Sargassum sp. WBRINIz A WANTRAMNTdUdRaUNTI1A 4 Fiia

Q

= = 9 a

Y o 9y A Y o KR ) Y a =
udn Salviztuuy NMR Miaule gadevaszsiimsuenas Inusgniuasanuignsdiugaun
ad 1 v = qul dy 1 dy A Y A Aaa
Fgveaunazansae ldewian  nmsdAnu luaseiinuind@esmeanuen ldvndalizialy
A o a [ :JI dy a A d = a v Y
neia ignemulumsnaaasdudureyaunione 15a (Naazdaalus18anuIdawTh 86)
awv dy YR a a"’ A A 4
el ladnpanuamisalumseanaiseengniveauaiiGotazsueulalun
A Y A ) a A =~ = 1 [ 9
uenlanniiyedle 7 ¥ila Av n3zRedv12 nszie nn U1 A11h Yanrean wazlua drems
A A o Jdo
nageuANNaNTaveuaiGediuiu 11 lTeTasan wazsueulalwisuiu 133 leTaan
v A v
lumsdugamsnIyvousos1 (Fusarium oxysporum) uazuiafizea v 15147 (Ralstonia
Y
L a
solanacearum) Taoiaee3 10U 1a 1 lue1m13 5 ¥ila (F1: glucose soybean meal broth, F2: malt
extract corn starch broth, F3: glucose soybean oil peptone broth, F4: potato dextrose galangal
o a
powder broth and F5: potato dextrose broth) tazuuaiFeonlalinluewis 3 ¥iia (NB:
nutrient broth, GPYM: glucose peptone yeast-malt extract broth and GYC: glucose yeast extract
4 @ a S Jd o J a
corn starch broth) tazilenadoumsananeIuvesgaunsooula’lin Ana1a1eIs agar
1 @ S A J { dy
well diffusion assay wunasananerwvesuuaisoweulalin zBo Mdesluens Gyc
o us/' a SIdd' FY 1 4 A
GUSIMINTYURI F. oxysporum dange (unaduriguénaianala 15 wu) luvmzians
Y] -4 A dy A dy
anaveruvesseula vl PDB141 uay PDB152 Maeelue s F4 waz PDBI148 dealu
[ c?/‘ a { 1 4
9113 F5 §U8IM51050v09 R solanacearum 1@ange (vinadurguinansisla 16 uw.)
o o a @ 7 ¢ o y ¢
dmsumsnansesgaunsdeulaldnnaiiglmaslsves wawminmamwz@esswoulalun
o [ 1 do {
3119w 37 loTeian UueIMITUAS chrome azurol S Wu131oU Ia lHnswu 25 loTsan f
D} a a A ) a A A A ~ 1 A
TinauanTasnsyune 113 ¥Hiatiuaz @319 halo zone MHA0INTOATUYIOVY Inlatl uailo
o 4 1o o ¢
Aadon1e o Twan luideslueinsmar MGs-1 nazasrvdounyilsnduveslmas lsves
a, i 0' ]
1983% Arnow assay 4lQ¢ Ferric perchlorate assay nusueu el PDB141 N3 halo zone
< 1 o % 1 '
yuaann 319 laasenyuum lsae Isves 150.71 ug/ml Feaurnninsueulalvy PDBI36
. . 7
18319 halo  zone A lnnuaaiielaasonsuunlmae Isves Idiies 333 ugml

(srwazPealus1euIFeHT 106)

33



a v
INENTUHIVY

23nszneUM AN Sporothrix sp. PSU-STDS7

P a ¢ a
NIvgrian 3. IMNIIU WIARIY

o " Awv v A o an a = a o a [ a 4
i NguIdevel f.a3. 3w5uns 30 lreaina maivuall augInermnans vANedEIIVAIUATUNS
1 [ [ 4 o a a a A a 4 a (% a 4
FuiU sA.ATIaanyal 1Y Indas 11A3190T21INe1 ANLINOITNAAST UIIANOTREAIVATUATUNS 1A

v 4 1

AnBUNOINUFOT1  Sporothrix  sp. PSU-STDS7 Fauenvndinly (petiole)  ¥oIWanIiiguaoniag
2 P ¥y v P

(Bruguiera gymnorrhiza L. Soavigny) Ham3Inageugninaiimmdesduvesdivananenuinaeie

4 g 1 =
LAIFAAFDTT WU Llﬁﬂdi]ﬂﬁghulmﬂﬁﬁﬂ Staphylococcus aureus 119  methicillin-resistant
9 1 4' T v A [ [l Y] d’dy d‘ v 9
Staphylococcus aureus 9381 MIC NMMnuAe >200 Llg/mL wa ludinanaveusaa¥es1nananeg
2 v

LINITUIZUAAINTANUITOT1 Microsporum gypseum R19A1MIC 64 Lig/mL nazvnanvazlasuin

unsuuuIasun Innaflunuug Usingmsusnvesasedadany Ussneufudygia 'H NMR 131ng)

[ a o Y = d' a dy a dy

anvazmmzvesmsdsznnes Isinan i lvaulednuasinaga laoiros1wtiall

v ¢ A s ~ & . = )

Jagiszasn MoneneInsznounanNINTes1 Sporothrix sp. PSU-STD57 ttazAny11ns9a319u04

1 3 '

a Q( 1 1R A a = S 9
T1IUIIND Iﬂﬂﬂ1@31§]$ﬁ1ﬂ1§ﬂLLEJﬂffﬂﬁ(11'?3JG]N$Ji]VI‘ﬁVINGIf’Jﬂ1WVIH1ﬁ'HGl%ll@]

IEMsnaaeg
1. miﬁi?fﬂl‘%ﬂuazuwumi‘nﬂam
o & . v o G s &
1. HUBDI Sporothrzx sp. PSU-STD57 U1n394 llmﬂumummmmmwa (broth) LAY AALYD
31 (mycelia)
Y] 1 oy dy dy 2 Y] o a a o u’;l o o
2. ANATIUVDIUUAYUFDAIIAINIASAN1YDNADSHINAITIUIU 3 ATI TLLHININIAT DY
¥ Y 4 Y
LEJwaaz%mﬁﬂﬂﬂﬁj’mm%‘mizmﬂlluuaﬂﬂi)mﬁu ﬁlz"l?fﬁ’;u’dﬁﬂwm‘m’a%aaz“ﬁmﬂmﬂﬁnamL“dva
Y v Y
3. ﬂﬁﬂmumaﬁt%immﬁamﬂmiﬂim ﬁﬁu
o :fzil ] v o I~ ]
3.1 mwaamﬂaiWllﬂwlfcl.ummazmﬂmmuamﬂunm 29U
4 g o A % o 1 a g’
3.2 ﬂﬁ@ﬂ!“ﬂﬁal%ﬂiq'ﬁ]ﬂﬂ Lla$u1ﬁ15a$ﬂ18ﬂI’lé}lﬂiglﬁﬂ@]?ﬂ?ﬁgawﬂ@ﬂﬂﬂﬁlﬁﬁﬁu U UN
A 2 [l
LLgaﬁﬁﬂﬁjwﬁaﬁmzmmaﬂmuﬁmau 2 ﬂ%\j %Wﬂﬁuixtﬂﬂﬁ’;ﬁmzmmammuaaﬂﬁ}wm?mixmmmuaﬂ

[ ' @ J
AITUAU Ulg{ﬁ’JUﬁﬂﬂWEﬂ‘]JLElﬂL“lfuiﬂﬂLGBﬂﬂ



33 ﬁ1dﬁuﬁlﬁﬁﬂﬂ1ﬂﬂ1’iﬁﬁﬂﬁflﬂlﬁﬂl“ﬁu nmﬁﬂﬁ’aﬂﬁaﬁmzmﬂ%’mﬁaaz@mm‘hmu 3

A3

34 i%lfﬁﬂﬁ?ﬁ1ﬁ$ﬁ181@ﬁﬁ@$“§m@ﬂ@ﬂﬁ?ﬂlﬂ?@\ﬁglﬂﬂlmﬂaﬂﬂ’JHJ@‘TL! ﬁﬂﬁ’"lﬁ/dauﬁﬁﬂ

a a s
NY1UDNABSBINAVINLFAQ

a

d
2. MswgnaIuanarenuliusgns

o dy :’ o Aa a o Y 9 [ J ~ A o
HUBDITIUINUN 550.2 WaanTu ﬁ%ﬂwﬁlum‘ﬂﬂ!@ﬁLLa’JiJHLEJﬂﬂ’JEJﬂ@ﬁ‘JJuTﬂﬂJWIVIiﬂiTV‘I Iﬂﬂllﬂ’.]

i
v A

ogiuilu Sephadex LH20 Tagwzade 100% MeOH awsauenld 316 vasarhansazateusazaiu’lal

[

asrvaauuuuAu Iasun Innswluduawu aunsasuaundansaenialasun Inunsumvidounu'ld

Y
%

NINUA 6 TIUAIATT1N 1

o v

d' 1 1 ~ 9 1 Y] :’ dy dy 9 o o = a [} A
AN 1 TIUANE 1/]]19’]ﬂTﬂﬂ']ﬁLLEJﬂﬁ'Juﬁﬂﬂ‘HEJ”ITJH']LﬁENl‘Hf’Jﬂ’JEJﬂi’]ﬁllujﬂﬁiﬂjﬂiﬂﬁﬁ/\l Iﬂﬂllﬁ’)’l’)fml un

i Sephadex Sephadex LH20

au AV Yhmiin (Naan5w) anvUzas
Sp1 100% McOH 40.0 voantiadiimaous
Sp2 100% MeOH 35.0 voaniiadihmanud
Sp3 100% MeOH 212.6 voaniiadihmanid
Sp4 100% MeOH 85.0 voaniadm

Sp5s 100% MeOH 76.2 voantiadiiimaous
Sp6 100% MeOH 91.4 voaudadimanud

Spl ttag Sp2
Y =~ ' o A ~ < A A '
mﬂmay,aTmmimmwwuwumq1ummaaum 2% MeOH / CH,CI, mumimaaummmﬂu

ooy 3410 dk AN

Sp3
9 = [ @ A ~ 3 ~ 1
nndoya lasu Innsmuduualudunasui 2% MeOH/CH,CL, 14U 1 spot TWUV-S 1 R, 0.5 8¢

Tusgrnamsanm

35



Sp4
F) = ] % A ~ 3 ~
nndoyalasun Innsuduualudunaoun 2% MeOH/CH,CIL, Hiu 5 spot 1WUV-S AR, 0.1
3 o Y [ ¢ = 9 o I
0.23 044 0.52 uag 0.73 v wendleaeant lasu InnsWluuusssuar Taglsarweiilu 100%
v Y ] Y
Hexane 139878 ethyl acetate aztuIfA 18 MeOH 9UD1100% MeOH 1hansazareluuaazaiu’ly
asauUuLEY Ias Inas AU 1InLI ansasaudiuntanyaznalasu Inunsumideuiula

9
%

NINUA 7 AU 2915197 2

d' 1 ' Sy ¥ k4 v =
M1319N 2 mummw"lmmmmfm Sp4 ﬂ’.lfJﬂ’E'JaNuIﬂiNWTﬂﬂi1V\|LLUU‘ﬁiSN@11

au AV Ymiin (Naan3w) ANz
Sp4-1 100% Hexane - 30% 38.5 voandediva
EtOAc/Hexane

Sp4-2 30-50% EtOAc/Hexane 13.0 voandedina

Sp4-3 50-80% EtOAc/Hexane 1.5 L MIAGIRTIRILEY

Sp4-4 80-100% EtOAc/Hexane 3.1 voaudadhmaseu

Sp4-5 2% MeOH/EtOAc- 53 voaudamimaous
30% MeOH/EtOAc

Sp4-6 50% MeOH/EtOAc- 5.7 voaudedhmaseu
80% MeOH/EtOAc

Sp4-7 100% MeOH 10.1 voudadihmaous

Spd-1
9, o o 4 4 2 4 E
nndeyalasu InnsMurvueludunaouin 20% EtOAc/Hexane (2 AF) HU 1 spot T4 UV-S
R, 0.71 taziiio1¥ 50% CH,CL/Hexane (2 AF9) tfiu 3 spot TWUV-S #i R, 0.72 0.82 uag 0.90 ogluszning
=
MIANY
Sp4-2
9 ~ 1 @ A ~ 09: <3 ~
nnveyalasu Inna Wik Iudunaaun 20% EtOAc/Hexane (2 AS9) 11U 1 spot 114 UV-S 9

d‘ o o =K 9 1 % 1 A a‘{ 1 1 =
R, 0.59 o ltiuiindeya 'H NMR wuhdahiusqns eglusznitamsanm

36



Sp4-3
9 = [ @ A ~ 09/’ 3 ~
nndeyalasu InnsMuruineludunaoun 20% EtOAc/Hexane (2 AF9) (WU 1spot T4 UV-S 9
R, 0.41 Wipsanansiidsmmitos 39 lukimsdnuise
Sp4-4
y o o 4 4 2 4 4
nndoyalasmnInnswlunuualuduadoun 20% EtOAc/Hexane (2 AS9) 1Y 1 spot 11 UV-S 0
& 2 a Y = 1o = '
R, 0.35 ipeninansiidsmmitos 39 ludimsineiae
Sp4-5
91 o o A4 d 2 4
nndoyalasun Innsurdu1lua1naauN 20% EtOAc/Hexane (2 A34) Y 2 spot 11 UV-S 0
S o v A Yo < &
R,0.25 wag 0.35 animihmuenalslasu Insnsmuduniunlaglsaiseiilu 50% CH,CL/Petrol (2 A39)
1
1Az 70% CH,CL/Petrol 1A 2 unu sl

A o < [ 9 = ] Y A A
Sp4-5-1 (2.1 mg) Hanyuduveawuagu1n i]”lﬂ“ll@ll"ﬂiﬂﬁﬂi%ﬂ’ﬁWLLWH‘UNiH@’JLﬂﬁﬂuV] 50%

'
Ao

CH,Cl,/Hexane 1Hu 1 spot lu UV-S i R, 0.38 iiforfufindoya 'H NMR wuiniluaisuSgns anved
isosclerone
=Y I 3 2 9 ~ [ ] d' d'
Sp4-5-2 (2.7 mg) Hanvuztluvewdadu nndeyalasun Innslurvuialuduadoun 50%
[~ ~ A o < 9 1 1 Q) a = 1
CH,Cl/Hexane (11 1 spot 9199 11 UV-S 91 R, 0.36 Wotiunindoya 'H NMR wudniluaisusgniuasod
Tuszwiatiufindoya 2D NMR
Spd-6
” o o A4 4 2 4 4
nindoyalasmnInnamlunuualudundoun 20% EtOAc/Hexane (2 AS9) 1 1 spot 11 UV-S 0
A o o= 9 1 (R a Q‘d‘dd’ 1
R,0.17 tiatiufindoya 'H NMR wudnilueasuiqns 1red1 tyrosol
Sp4-7
nndoyalaninInnnfluduueludundoui 2% Meor/cH,cl, Hlunenlu  uv-1414d
o =1
MMIAAY
Sp 5
) A o A 4 o < '
nndoyalasu Innsuduuludunaoui 2% MeOH/CH,CL, (2 A59) 1HUNIANI 7 spot T
o o ] Y ~ Yo J A 2y
UVv-s ainiuihwuenaeaedni Insu Innsuuusssua Taglsdisiiiu 100% CH,CL, 1Wua2a7e

MeOH 3UD9 100%MeOH 1rasazarsluusazaiu llasrvasuvuuru Iasu InasWuduuiany

37



9

NsoTmauNNdnEaEn e Iasu Inunsuwmiounu Tdnanua 7 daudansan 3

d' ! ! Ay v 9 v G
139N 3 muchm"lmnﬂmmﬂﬂ Sps ﬂ’JEJﬂE]ﬂuuiﬂiuﬂ%ﬂiw\hm“ﬂ‘ﬁiihﬂi

U AIvE A (Haaniw) ANHMET
Sp5-1 100% CH,CI, 7.6 voaudeiima
Sp5-2 100% CH,CI, 8.2 vowdeima
Sp5-3 100% CH,CI, 6.8 vowdadiaa
Sp5-4 2% MeOH/CH,C, 8.6 vowdsihima
Sp5-5 5-30% MeOH/CH,CI, 6.8 vowisdhma
Sp5-6 50-80% MeOH/CH,Cl, 7.7 vowisdhma
Sp5-7 100% MeOH 20.3 voauiadihaa

Sp5-1

nnveyalasmInnsluduinaluduniouit 50% CH,ClL/Hexane 1 1spot 1W UV-S R,

PRl

0.77 iiofuiindeya 'H NMR wuduiluaisuSans #1911 8-methoxy-1-naphthol

Sp5-2

nndeyalasmInnsfluduinaludundouit 50% CH,ClL/Hexane 11U 2 spot 1w UV-S R,
3 ) 9 ~ ] 9 o I :/’
0.62 az 0.71 Nnuhwenalelasu Insns ururun Taslsadweiilu 50% CH,CL/Petrol 2 A59)
1Az 80% CH,CL/Petrol I8 2 oy Al
~ o < G A ) o o A A
Sp5-2-1 (47 mg) Nanwaziluvewyadmimia andeyalasu InnsWuduunludunaoun
<3 ~ A = 1 13 a = [}
40% CH,Cl,/Hexane 1 1 spot 114 UV-S 1 R, 0.43 iliotiufinaya 'H NMR wudniluasusgns uazeg
Tuszniaiudiindoya 2D NMR
Sp5-2-2 (1.1 mg) Hanwaziuvewdsdv vindeya lasuInnsiluriuuisludundoui s0%
[~ A ) Y =< "o = [
CH,Cl,/Hexane lait#iut spot 11 UV-S 1ilosainansiidsunanios 3¢ hiihmsanyise
Sp5-3 - SpS-7

) = ] o A A A 1 [l [~ (Y] =
vindoyalasun Innsfuruinsluduadouiiriaaisg dmlnamiunmsuen lidaau Tagezdl

38



Snvarzfiuniaen wie i spot ufaziinliindendieaisazats Anisaldenyde 182 1A Z0U vy
autiumsanyee 1
Spé6

ndoyalasun InnsFlusuueludundoudl 2% MeOH/CH,CL, (2 as0) Taivfiuspot uffaziinly

A Y . Y q 9 ] £ o A = '
INADUAIYTITOL Y Anisaldehyde uaﬂwmms’au Gﬁﬂﬂgﬂ“uuﬂﬁﬁﬂ‘HWWfJulﬂ

WanNINAael

! 4 g’ dy 4 1 a QJ
NNMSAREIEIUANANEIVIRUFRTIND N ﬁnﬂ’iﬂ!!ﬂﬂﬂﬁ‘ﬂifﬁl‘ﬁqﬁ 5 @3 o tyrosol (1),1 8-

methoxy-1-naphthol (2)° 1182 isosclerone (3)' tazegluszrnitimsiiuiindeya “C NMR 1az 2D NMR 8n

A

2 13 s Inseadvesasuigninuen 1d lag1¥doyamamiln Insa Inil u UV, IR ag NMR

OCH; OH OH O

HO 7 7/ 8a 8a !
OH \5 4al 4a 3
1 2 3 OH

g
=y

wethasusgnsn1d lduiindeya NMR Tdwadanisa

m15197 4 Goya 'Huaz "C NMR vo3 1 1ag tyrosol ludaviiazate CDCI,

. , CAER! Tyrosol'
AU
Oy (mult., J,,) 0. (C-type) Oy (mult., J,.)) 0. (C-type)
1 - 15422 (C) - 154.1(C)
2,6 6.79 (d,9.0) 11545 (CH) 6.77(d, 8.0) 1154 (CH)
3,5 7.11(d,9.0) 130.15 (CH) 7.09 (d, 8.0) 130.0 (CH)
4 - 130.55(C) - 1302 (C)
7 2.81(¢,6.0) 3827(CH,) 2.82(t,64) 383(CH,)
8 3.83(¢,6.0) 63.80 (CH,) 3.83(2,64) 63.8(CH)

* Guzman-Lopez et al., 2007.
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M5190 5 Goya 'Huag "C NMR ves 2 Tudaiagzats cDl,

L 52
AU
Oy (mult., J,,) 0. (C-type)
1-OH 9.32(s) 154.51 (C)
2 6.87(dd,7.2,1.5) 110.43 (CH)
3 7.32(1,7.2) 127.71 (CH)
4 7.29(dd, 7.2, 1.5) 125.56 (CH)
4a - 136.78 (C)
5 7.26 (d, 8.1) 118.84 (CH)
6 7.40 (¢, 8.1) 121.88 (CH)
7 6.77 (d, 8.1) 103.94 (CH)
8-OMe 4.05 (s) 156.19 (C)
8a - 118.84 (C)

Thines et al., 1995.
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M15197 6 Yoya 'H ez "C NMR v043 3 1ag isosclerone 1udvinazals CDCI,

o . a3l Tyrosol'
AU
Oy (mult., J,) 0. (C-type) Oy (mult., J,,) 0. (C-type)
1 - 204.26 (C=0) - 206.3 (C=0)
2 a:3.01 (ddd, 17.7,8.1,4.8) 34.55(CH) 2.90 (ddd, 17.8,7.6,4.7) 36.1 (CH)
b:2.65 (ddd, 17.7,54,4.8) 2.66 (ddd, 17.8,9.1,4.8)
3 a:2.35(ddd, 13.2,5.4,4.5) 34.20 (CHZ) 2.30 (m) 32.6 (CH,)
b: 2.20 (ddd, 13.2,8.1,45) 2.10 (m)
4 4.92(dd,7.5,3.9) 67.70 (CH) 4.84 (dd, 8.0,3.8) 68.3 (CH)
4a - 145.84 (C) - 148.6 (C)
5 7.02(d, 7.5) 117.35 (CH) 7.07 (dm, 7.6) 118.8 (CH)
6 7.50(z,7.8) 136.98 (CH) 7.50 (dd, 8.3,7.6) 137.9 (CH)
7 6.92(d, 7.5) 117.78 (CH) 6.84 (dm, 8.3) 117.6 (CH)
8-OH 12.42 (s) 162.73 (C) - 163.7 (C)
8a - 115.00 (C) - 116.5 (C)

*Kokubun e al., 2003.

19NA1391904

1. Guzman-Lopez O., Trigos A., Fernandez F. J., Yanez-Morales M., Saucedo-Castaneda G. World J
Microbiol Biotechnol. 2007. 23, 1473-1477.

2. Thines E., Daussmann T., Semar M., Sterner O., Anke H., Z. Naturforsch.Sect. C, Biosci. 1995, 50,
813-819.

3. Kokubun T., Veitch N.C., Bridge, P.D., Simmonds M.S.J. Phytochemistry. 2003. 62, 779-782.
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CH CH
3 3
1,3,6-Octatriene Bicyclo[3.1.1]hept-2-ene
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WA HUN 354 NTY Lwﬂmmﬂﬂaauuimmimﬂiwmm’mgﬂumﬂu Sephadex LH-20

Taewe@18 100% MeOH LENET 1@ 4 82U G9a15199 1



M5 1 @Iuae9 A ldnnmsuenaiuadarenuaiunananeummiueaved luuz e 1

]
v v A

9 Y] o A A [l I
aza1glu Et0Ac atenaanil Iasu Inns il Aldregnuntlu Sephadex LH-20

aIu HIHUD (D5N) ANHUSNMIMEMNN
IS aA 9 o
Bl 2.29 VOUVITVYNVNY U
I aA 9 o
B2 15.18 VOUWVITV NIV U
I3 aA 9 o
B3 12.69 VOUWVITV NIV U
IS aA 9 o
B4 0.77 VOUWVITVAVNY U

B1 ttag B2
Tasin Inns MuruUI9UDY reverse phaseludndoudl 50% MeOH/H,0 lu UV-S
v R 9

uaaamsuen liFanu weth liliiuiindeya 'H NMR spectrum wudn lidsngdyanavesle

aliinuazez Isunanldsaou 39 lkinsdnyIne

B3
910 1a50 InNSHUALDNIDY reverse phaseludnaouil 50% MeOH/H,0 lu UV-S

IUAITHAN 5 spot A1 R, 0.38, 0.52, 0.62, 0.78 118 0.89 1ilau 920 daaniu vh luendedoe

l
7

o L4 1 "o I . % I
avani Insu InnsiNTd10g UMY U reverse  phase  silica  gel T lddarwz1ilu 40%

v
o

4 [ [
MeOH/H,0 aad1a3139879UnT2 NI 100% MeOH uond13 18 4 dau aaaasluaiiied 2

- ' ' AN ¥ 9 v & AAA © To A g
199N 2 i’f’Ju@nx‘i”]‘i/]U],@]MﬂﬂTiLLEJﬂ B3 ﬂ’JElﬂ’é)aMuiﬂiuﬂ‘ﬂﬂiﬁ/\l‘i/]ll@]’mgﬂ‘ljmﬂu reverse

phase silica gel

a IV viwithn ANHUSNMINMYMNN
(3iaansun)

B301 | 40% MeOH/H,0 429.0 YyoIntiadiieni

B302 | 40% MeOH/H,0 176.5 vowdadinma

B303 | 40% MeOH/H,0 198.5 vowsadima

B304 | 50% MeOH/H,0 — 100% MeOH 112.2 Yosntladiieni

B301 1az B304
910 133 TNNTMRULILY reverse phase lUAATDUTA 40% MeOH/H,O lu UV-S
Taitiu spot a3 1ideri1 lfufindioya 'H NMR spectrum wud lidsingdyanavesTeatliin

uazez Isuan ldsasu 39 likinmsdnyiae
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B302
9110150 InNSHUALDNIDY reverse phaselu@anaauil 40% MeOH/H,0 lu UV-S
< @ A = v 9y v AAA © To A g
MUTITHAN 1 spot N R, 0.56 uandoAlenodautl Insnn InnsMnuaregA UMY reverse
o I 09: 4 ™
phase silica gel Tagl¥@v21ilu 30% MeOH/H,0 ani1a3130893UNT 909 100% MeOH 1on

Y ' [ A
ﬁ’liulﬂ 3 ﬁ’Juﬂ\jlla@\iiu@’li’]\iﬂ 3

%

4' 1 1 ~ 9 9 o " Ay A T A g
M1519N 3 mumﬂﬂmllﬂmﬂﬂm,wﬂ B302 ﬂ?ﬂﬂ@auuTﬂﬁll"liﬂﬂﬁ"lwvlﬂ@]?@gﬂﬂ‘ﬂlﬂu reverse

phase silica gel

au AV viwiin ANHAUSMIMEANN
(Fiaansw)
B302A | 30% MeOH/H,O — 100% MeOH 47.1 vowmniindhmardy
B302B | 30-40% MeOH/H,0 975 | veadsdrhaa
B302C | 50% MeOH/H,0O 22.6 Yo tadiiend
B302A 1taz B302C

10 1a53 TN THUAULIUD reverse phaseTUAMAADUTN 30% MeOH/H,0 lu UV-S
< | o % 1 [l o ana
wiudunigery ihldduiindeya 'H NMR  spectrum w1 lidsingdyanavesTeatlin

uazoz Isunan ldsaeu 39 luiimsAnuae

B302B
910 1a50 InNSHUAUDNIDY reverse phaseludanaouil 30% MeOH/H,0 lu UV-S
<3 ~ ) v KX 9 1 1 a = Y o I
IAUA1T 1 spot 91 R, 0.40 11 lfuiindoya 'H NMR spectrum wudniluaisuians Idswaiu

BO1

UVA__ (nm) (McOH) (log &) 221 (4.46), 274 (4.12)

FTIR (neat): v(cm) 3296 (O-H stretching)
1694 (C=0 stretching)

1456 (C=C stretching)

'H NMR (CD,0D) (5 ppm) (300 MHz):
“C NMR (CD,0D) (5 ppm) (75 MHz) :

DEPT 135°: CH;

CH;;

3

7.15 (s, 2H), 3.85 (s, 3H)
167.89, 144.97, 144.97, 138.34,
120.15, 109.21, 108.94, 51.24
109.21, 108.94

51.24
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9110150 InNSHUALDNIDY reverse phaselu@anaauil 40% MeOH/H,0 lu UV-S

< @ A o = 3 Y 4 AAA © Y
IHUaITan 2 spot M Rf 0.37 11ae 0.54 Lﬂvlﬂll,t’lﬂf]ﬂﬂi\iﬂ’)ﬂﬂ@ﬁiJuIﬂ‘iiﬂI‘l/]ﬂiW\hﬂiJ@’J’f)ﬂmJ
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A1519N 4 ﬁ?u@]’]QC]VIHlQQTﬂﬂ"ISLLEJﬂ B303 ﬂ?ﬂﬂﬂﬁlluTﬂﬁll"liﬂﬂﬁ"lwvlﬂ@]?@gﬂﬁ‘ﬂlﬂu reverse

phase silica gel

a7 NIV KU ANHUZNIIMENN
(Faansw)
B303A | 40% MeOH/H,O - 50% MeOH/H,0 47.1 Youdedanady
B303B | 50% MeOH/H,O — 100% MeOH 237 | veuudsd@mdes
B303A

10 1a53 TN THUAULINUD reverse phaseTUAIAADUTN 40% MeOH/H,0 1u UV-S

[~ v Ao I = 1 o = 1
Tuiuesudn Hanvaztlunisen 39luimsdnuse

B303B
1 1A NN HUAULIUD reverse phaseluAAADUTN 40% MeOH/H,0 1u UV-S

<3 ~ ) o &K 9 1 1 Aa =5 Y o I
U5 1 spot M R,0.38 11 lhifuiindoya 'H NMR spectrum Wudniluansusgns 1dsvaily

BO2
UVA4,,, (nm) (MeOH) (log &) 224 (4.58), 257 (4.38), 358 (4.31)
FTIR (neat): v(cm ) 3367 (O-H stretching)
1584 (C=0 stretching)
1475 (C=C stretching)
'H NMR (CD,0D) (6 ppm) (300 MHz): 6.97 (s, 1H), 5.33 (d, J= 1.5 Hz, 1H),
4.24 (dd,J=1.5,3.3 Hz, 1H), 3.81
(dd,J=3.3,93Hz, 1H),3.37 (t,J=
9.6 Hz, 1H), 3.55 (dd, J= 9.6, 6.0 Hz,
1H), 0.98 (d, J= 6.0 Hz, 3H)
“CNMR (CD,0D) (6 ppm)(75 MHz) : 178.27, 164.42, 161.78, 158.04,

157.11, 145.44, 136.48, 134.93,
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120.59, 108.71, 108.25, 104.51,
102.22,98.42,93.31, 71.99, 70.77,
70.63,70.49, 16.26

DEPT 135°: CH; 108.71, 108.25, 102.22, 98.42, 93.31,
71.99,70.77, 70.63, 70.49

CH,;

3

16.26

B304
91 1a531 NN HUAULIUD Reverse phaselu@uadoui 40% MeOH/H,0 Tu UV-
[~ [V = 3 A ) o =K 9 1 1 [
s liiuasnan Tanwazdunnen et ldiudindoya 'H NMR spectrum wudn'laj

Usingdyanuvesleaninuazes Tsman Tsaeu 39 ludimsnuee

B4
911150 InNSHUALDNIDY Reverse phaselu@nadoud 50% MeOH/H,0 Tu UV-
S AUEIHEN 3 spot T R, 0.48, 0.67 uaz 0.88 W1 lUifufindoya 'H NMR spectrum w111

Usingdyanuvesansvanmilouny B3 39 ludmsinusoe

a J
Jasamazagiwa

s Y
=

a o a % o @
MIAATIH Insead 1evesdsusanini 2 a3 hld TaserdedoyansalnInsaln

I Taamwizdoya 1D taz 2D NMR dnlnInsalnd)

BO1

vndoya UV uaauauganduil 4 221 wag 274 nm ueraendilas Tuvlesidu
sTUAUYINFYL 1Indoya IR udAALNIEATEIHY OH i 3206 cm™ 1Az C=0 1 1694 cm’

%m%’mga "H NMR ueraqed fYYIUUDN aromatic proton ﬁlﬂu chemically equivalent i1
1 90 Tavdl51n9 7 57.15 (brs, 2H) tazl51ngdaya1sived methoxy proton i 93.85 (s, 3H)

ndoya "C NMR waaadayaaived carbonyl carbon $1143U 1 carbon 115167.89 Lia
mﬂsﬁjaa&la DEPT uﬁmﬁtymumeum quaternary, methine 11a% methyl carbon 91U 4,2 LAy 1
carbon MUA AL

9INUoya HMBC U1#94 correlation U094 aromatic H-2 18z H-4 (5 7.15) 1 C-4 (5
138.34), C-6 (& 109.21) t1a C-7 (5 167.89) 11a methoxy proton L&A correlation NU C-7 (&

167.89)
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nndoyadeauagl1ddn Bot ilassadedaaas nazangmdoya SciFinder Wi

U Q

s { 4 . .
BO1 HuasiimsseauInssadranudd uazli¥ed eallic acid methyl ester’

M519 5 Yoya NMR vee BO1 1u CD,0D

BO1 Gallic acid methyl ester
Position | &, (mult, 0. (C-Type) HMBC o, (mult, J,,) o,
Jy) Correlation
1 120.15 (C) 121.4 (C)
2 7.15 (brs) 108.94 (CH) | C-4,C-6,C-7 7.04 (s) 110.0 (CH)
3-OH 144.97 (C) 146.5 (C)
4-OH 138.34 (C) 139.7 (C)
5-OH 144.97 (C) 146.5 (C)
6 7.15 (brs) 109.21 (CH) C-2,C-4,C-7 7.04 (s) 110.0 (CH)
7 167.89 (C) 167.5 (C)
8 3.85(s) 51.24 (CH,) C-7 3.80 (s) 52.3 (CH,)

BO2

nndeya UV udauauganauil A 224,257 uag 358 nm uaaddiii s Tuvles iy
szunABLNGU Mndoya IR uaAnUMITAYDINY OH fi 3367 cm™ 1Az C=0 71 1584 cm”
Fanndoyatradunaasiniueansdszian flavone

indoya 'H NMR uanadaya 1o 1sneuved 1,3,4,5-etrasubstituted benzene ring i &
6.97 (brs, H-2', 6') ez @y 19l aromatic proton 90 2 FayQy M 15637 (5, H-8) uaz 56.21 (s,
H-6) M1 1¥n310911A599319904 flavones 151 3',4,5',5,7- pentahydroxyflavone wonNi 'H
NMR auaasdayanaiveany methyl 130 doublet fil 5098 (d, J = 6.0 Hz, 3H, H-6") uaz
methine proton 05 ﬁ’ngapm ﬁ55.33 (d, J=1.5 Hz, H-1"), 4.24 (dd, J = 1.5, 3.3 Hz, H-2"),

3.81(dd,J=3.3,9.3 Hz, H-3"), 3.37 (¢, J= 9.6 Hz, H-4") 118 3.55 (dd, J = 9.6, 6.0 Hz, H-5") 9
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o [ J < oy 2 .
paudenarudya s lsaouveaiinransyTud §9 anomeric proton (H-1") 13109

Y] I A 1" v o v oy U
iy doubler AremgaILIMINGY 1.5 Hz 39 ldmsui hanausu Tuaeglugives a-

form

Y
9IN9o3a HMBC W11 H-1" 1aa correlation MU C-3 (& 136.27) uaaginiigansu

Tuadeodiuny OH YU C-3 VB4 4-chromenone 8% aromatic H-2' 1182 H-6' (5 6.97) 13

correlation NU C-2 1@y C-4' Ml un 1,3,4,5-tetrasubstituted benzene ring Gi@ﬂﬁjﬁuﬂ C-2 U9

31 4-chromenone

9 Y

nindeyatnduagd1ain Boz filaseadedwuaas uazoingudoya SciFinder Wy

U Q

S Aa P Yy A .. ., 4
BO2 (Hud1sninmsseau Iaseas wuuaIne myricetin-3--rhamnoside

ms19fi 6 Yoya NMR v04 BO2 lu CD,0D

BO2 (CD,0D) HMBC Myricetin-3-Q-rthamnoside
Position

o, (mult, J ) 0, (C-Type) Correlation o, (mult, J,,) 0. (C-Type)
2 157.11 (C) 158.51 (C)
3 134.93 (C) 136.34 (C)
4 178.27 (C) 179.72 (C)
4a 104.51 (C) 105.92 (C)
5 161.78 (C) 163.21 (C)
6 6.21 (s) 98.42 (CH) C-8,C-4a 6.33 (s) 99.84 (CH)
7 164.42 (C) 165.88 (C)
8 6.37 (s) 93.31 (CH) C-6, C-4a 6.49 (s) 94.74 (CH)
8a 158.04 (C) 159.51 (C)
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M350 6 (A0)

BO2 (CD,0D) HMBC Myricetin-3-Q-rhamnoside
Position

o, (mult, J ) 0. (C-Type) Correlation o, (mult, J,,) 0. (C-Type)
I 120.59 (C) 121.99 (C)
2' 6.97 (s) 108.25 (CH) | C-2,C-4',C-6' 7.07 (s) 109.64 (CH)
3 145.44 (C) 146.86 (C)
4 136.48 (C) 137.90 (C)
5" 145.44 (C) 146.86 (C)
6' 6.97 (s) 108.71 (CH) | C-2,C-2', C-4' 7.07 (s) 109.64 (CH)
1" 5.33(d, 1.5) 102.22 (CH) | c-3,C-3",C-5" 5.44 (d, 1.5) 103.64 (CH)
2" 424 (dd,1.5,3.3) | 70.49(CH) | C-4" 4.35(dd, 1.5,3.3) | 71.90 (CH)
3" 3.81(dd,3.3,9.3) | 70.77(CH) | cC-1",C-5" 3.92(dd,3.3,9.5) | 72.15(CH)
4" 3.37(¢,9.6) 71.99 (CH) | C-2", C-6" 3.47(1,9.5) 73.37 (CH)
5" 3.55(dd, 9.6,6.0) | 70.63(CH) | cC-1",C-3" 3.64 (dd,9.5,6.2) | 72.07 (CH)
6" 0.98 (d, 6.0) 16.26 (CH,) | C-4" 1.08 (d, 6.2) 17.67 (CH,)

ajilwanmsnaaes
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o gallic acid methyl ester Lii¥ myricetin-3-a-rhamnoside
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Position | &, (mult, 0. (C-Type) HMBC o, (mult, J,,) o,
Jy) Correlation
1 120.15 (C) 121.4 (C)
2 7.15 (brs) 108.94 (CH) | C-4,C-6,C-7 7.04 (s) 110.0 (CH)
3-OH 144.97 (C) 146.5 (C)
4-OH 138.34 (C) 139.7 (C)
5-OH 144.97 (C) 146.5 (C)
6 7.15 (brs) 109.21 (CH) C-2,C-4,C-7 7.04 (s) 110.0 (CH)
7 167.89 (C) 167.5 (C)
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NMR auaasdayanaiveany methyl 130 doublet fil 5098 (d, J = 6.0 Hz, 3H, H-6") uaz
methine proton 05 ﬁ’ngapm ﬁ55.33 (d, J=1.5 Hz, H-1"), 4.24 (dd, J = 1.5, 3.3 Hz, H-2"),

3.81(dd,J=3.3,9.3 Hz, H-3"), 3.37 (¢, J= 9.6 Hz, H-4") 118 3.55 (dd, J = 9.6, 6.0 Hz, H-5") 9
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ms19fi 6 Yoya NMR v04 BO2 lu CD,0D

BO2 (CD,0D) HMBC Myricetin-3-Q-rthamnoside
Position

o, (mult, J ) 0, (C-Type) Correlation o, (mult, J,,) 0. (C-Type)
2 157.11 (C) 158.51 (C)
3 134.93 (C) 136.34 (C)
4 178.27 (C) 179.72 (C)
4a 104.51 (C) 105.92 (C)
5 161.78 (C) 163.21 (C)
6 6.21 (s) 98.42 (CH) C-8,C-4a 6.33 (s) 99.84 (CH)
7 164.42 (C) 165.88 (C)
8 6.37 (s) 93.31 (CH) C-6, C-4a 6.49 (s) 94.74 (CH)
8a 158.04 (C) 159.51 (C)
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M350 6 (A0)

BO2 (CD,0D) HMBC Myricetin-3-Q-rhamnoside
Position

o, (mult, J ) 0. (C-Type) Correlation o, (mult, J,,) 0. (C-Type)
I 120.59 (C) 121.99 (C)
2' 6.97 (s) 108.25 (CH) | C-2,C-4',C-6' 7.07 (s) 109.64 (CH)
3 145.44 (C) 146.86 (C)
4 136.48 (C) 137.90 (C)
5" 145.44 (C) 146.86 (C)
6' 6.97 (s) 108.71 (CH) | C-2,C-2', C-4' 7.07 (s) 109.64 (CH)
1" 5.33(d, 1.5) 102.22 (CH) | c-3,C-3",C-5" 5.44 (d, 1.5) 103.64 (CH)
2" 424 (dd,1.5,3.3) | 70.49(CH) | C-4" 4.35(dd, 1.5,3.3) | 71.90 (CH)
3" 3.81(dd,3.3,9.3) | 70.77(CH) | cC-1",C-5" 3.92(dd,3.3,9.5) | 72.15(CH)
4" 3.37(¢,9.6) 71.99 (CH) | C-2", C-6" 3.47(1,9.5) 73.37 (CH)
5" 3.55(dd, 9.6,6.0) | 70.63(CH) | cC-1",C-3" 3.64 (dd,9.5,6.2) | 72.07 (CH)
6" 0.98 (d, 6.0) 16.26 (CH,) | C-4" 1.08 (d, 6.2) 17.67 (CH,)
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m3197 1 Joya 'Huag “C anlnasuves XB4 u cpCl,

RN 0, (mult, J,)) 0. (ppm)
1 1.86, m, IH 33.45
1.57, m, 1H
2 2.71,td, 14.1, 6.6, 1H 37.49
2.31,ddd, 14.1,4.2,2.7, 1H
3 216.50
4 50.27
5 1.71,dd, 12.3,4.5, 1H 48.48
6 1.55, m, 1H 21.54
0.95, m, IH
7 1.42, m, TH 25.89
1.14, m, ITH
8 1.59, m, IH 47.90
9 21.12
10 26.04
11 2.05, m, 2H 26.77
12 1.67, m, 2H 32.86
13 45.45
14 48.81
15 1.31, m, 2H 35.59
16 1.88, m, IH 28.18
1.32, m, IH
17 1.65, m, |H 52.27
18 1.00, s, 3H 18.15
19 0.79,d,4.2, 1H 29.57
0.58,d, 4.2, 1H
20 1.32, m, IH 36.00
21 0.92,d,6.3,3H 18.15
22 1.38, m, 2H 25.95
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M5199 1 (719)

At 0, (mult, J,,) 0. (ppm)
23 1.52, m, 2H 34.83

24 6.91,1d,7.2,12, 1H 145.71
25 126.63
26 172.67
27 1.85, 5, 3H 12.01

28 1.04, s, 3H 22.23

29 1.10, s, 3H 20.80

30 0.91,s,3H 19.34

m519h 2 Joya 'Huaz " milnasuves XB5 Tu cbcl,

Aurin 0, (mult, J,,)) 0. (ppm)

1 1.99, m, IH 27.47
1.02, m, 1H

2 1.89, m, IH 28.12
1.29, m, 1H

3 3.48, brt, 3.0, 1H 77.18

4 39.55

5 1.82, m, IH 41.08

6 1.49, m, IH 21.07
1.10, m, 1H

7 1.64, m, 2H 28.58

8 1.53, m, IH 47.99

9 19.84

10 26.51

11 2.06, m, 1H 26.29
1.03, m, 1H
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M15199 2 (719)

AU 0, (mult, J,)) 0. (ppm)
12 1.63, m, 2H 32.92
13 45.33
14 48.93
15 1.33, m, 2H 35.49
16 1.30, m, 1H 25.91
1.09, m, ITH
17 1.61, m, IH 52.19
18 0.90, s, 3H 19.28
19 0.52,d,3.9, 1H 29.75
0.35,d,3.9, 1H
20 1.29, m, IH 35.98
21 091,d,5.4,3H 17.99
22 1.51, m, 2H 34.82
23 1.35, m, IH 25.64
1.15, m, IH
24 6.91,1 6.6, 1H 145.69
25 126.52
26 172.39
27 1.84, s, 3H 11.96
28 0.88, s, 3H 21.22
29 0.97,s,3H 25.83
30 0.99, s, 3H 18.11
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M3197 3 Yoya 'Huag C anlnasuves XB6 1u pyridine-d,

AU 0, (mult, J,)) 0. (ppm)

1 1.61, m, IH 33.36
1.28, m, 1H

2 2.01, m, 1H 32.14
1.93, m, IH

3 3.57,dd, 11.4,4.8, 1H 78.92

4 41.99

5 1.37, m, 1H 48.36

6 1.62, m, 1H 22.36
0.83, m, |H

7 1.91, m, IH 29.29
1.33, m, IH

8 1.52, m, IH 49.01

9 27.46

10 30.60

11 2.01, m, 1H 27.56
1.10, m, IH

12 1.65, m, 2H 34.11

13 46.47

14 49.96

15 1.34, m, 2H 36.69

16 2.02, m, 1H 27.22
1.65, m, 1H

17 1.67, m, |H 53.41

18 1.02, s, 3H 19.21

19 0.56,d,3.9, 1H 30.84
0.33,d,3.9, 1H

20 1.48, m, IH 37.15




M35197 3 (70)

AU 0, (mult, J,)) 0. (ppm)
21 0.98,d, 6.6, 3H 19.24
22 1.20, m, 2H 36.33
23 2.32, m, 1H 26.86
2.22, m, 1H

24 7.23,¢,7.5, 1H 143.42
25 129.79
26 171.57
27 2.14, s, 3H 13.73
28 1.26, s, 3H 27.09
29 1.13,5,3H 15.76
30 0.96, s, 3H 20.43

M519h 4 Joya 'Huaz " milnasuves XB8 Tu cDCI,

CRIUTIR 0, (mult, J.) 0. (ppm)
1 1.53, m, 2H 31.97
2 1.75, m, 2H 30.35
3 3.28,dd, 11.1,4.5, IH 78.84
4 40.48
5 130, m, 1H 47.10
6 1.59, m, 2H 21.12
7 2.00, m, 1H 26.46
1.63, m, 1H
8 1.51,m, 1H 47.98
9 19.98
10 26.07
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M15199 4 (719)

AU 0, (mult, J,)) 0. (ppm)
11 2.08, m, 1H 26.01
1.08, m, 1H
12 1.65, m, 2H 32.90
13 45.30
14 48.80
15 1.28, m, 2H 35.56
16 1.86, m, |H 28.16
1.29, m, 1H
17 1.64, m, 1H 52.27
18 0.96, s, 3H 18.04
19 0.55,d,3.9, 1H 29.90
0.33,d,3.9, 1H
20 1.48, m, IH 35.91
21 0.89,d, 6.3, 3H 19.32
22 1.12, m, IH 35.98
1.06, m, IH
23 2.13, m, 2H 24.54
24 5.40,¢ 6.3, 1H 127.05
25 134.29
26 4.00, s, 2H 69.06
27 1.67, s, 3H 13.65
28 0.96, s, 3H 25.44
29 0.81,s,3H 14.01
30 0.89, s, 3H 19.32

72



A o o =
uwmmmzmmumﬂmﬂan 2

o J { 1 . 1 { 1 {
1. imsuenesnlsznoudl 1udIuuod mother liquor ¥99EIUN 5 1Az dIUN 6 LAz

4
=

lududu q nvaeliuign
a o v d' Yy vy A : 2 &
2. Wpsizd Inseadisvesansinen 1auda ie XB3 @21 XB2 waz XB7 B9umeiiso

mstiufindaa 1D wag 2D NMR

1PNA15919949

1< Aaa o ¢ A Y 1 A s A dy A 1 9
1. 19 aladun, venssa lduriaszmealng Fengnumans-senuiied), nsuihly,

2523, 379.

2. Anjaneyulu, V.; Ravi, K.; Harischandra Prasad, K.; Connolly, J. D. Triterpenoids from
Mangifera indica. Phytochemistry 1989, 28, 1471-1477.

3. Kataro, T.; Masako, T. Studies on constituents of medicinal plants. XIV. Constituents of
Schizandra nigra Max. (I). Chem. Pharm Bull. 1975, 23, 538-842.

4. Kilass, J.; Tinto, W. F.; McLean, S.; Reynolds, W. F. Frideland triterpenoids from
Peritassa compta: complete 'H and “C assignments by 2D nmr spectroscopy. J. Nat.
Prod. 1992, 55, 1626-1630.

5. Singh, C.; Dev, S. Higher isoprenoids-V. Partial syntheses from cycloartenol,
cyclolaudenol part 1: mangiferolic acid, ambolic acid. Tetrahedron. 1977, 33, 817-819.

6. Sy, L.-K.; Saunders, R. M. K..; Brown, G.D. Phytochemistry of /llicium dunnianum and

the systematic position of the Illiciaceac. Phytochemistry 1997, 44(6), 1099-1108.

73



¢
o a a d
NIFUED DVUUUNV U !!QZq‘VIﬁTI1x‘]%?ﬂTW"II@Qﬁ”l!ﬂuiﬂll‘V‘ITIfMﬂﬁﬁj‘I‘n%m

A LY d o J c’lll a
NIdEHian I9NfA1anNIv1E Ad. laIanda WH INIAT
N
< { o { o :
Uszme InaiuilszmaniinswensnanziaNganauyssl lnommz namziads
ddy A 9y ' ' 9 A 1A Y 1w @ o d; = 9
Hiunnn 60 Auls uvasvesnghmziailvgiiga Tdun 39rianss Tnuiindmeia 17,500
1 9 I 1 [ Ao o a Y I 1
15 wamzadluuramsnensndny lussuvinamedansizuonnniziluumasens
v o 1 J [ 1 @ [ a’:j < [
Yosdainziawy  wegu  uazamzandd  duiluuvasaufsvesda hviamaniaz e
v dy d' 0'/ d‘! 1
Hosrununmerlsnaau uazwg
J I a A o [ { & [ a
suou I liidugdunidherdeegnioluiiowenalae lineldina Tsa’ Tsieaums
o’uaj 1 a a a o 1 4
Anwrsweula lvinalundvestinainewazmsadwasdugaunsd  wohsueulaliy
A ' a 9 a A A o o '
nniyayulnsan 9 ansondadisdgaunssiiauleswavunouaziluuvaivesais

- 1 = 4 9 [ Y [ ]
20 paseaumsangsuoula ldnnnvamezaddivesunn® uazds il

@ 1 9
alvd 9 A
= = = 4 9 dy ' dyd
'H'WEJ\TluﬂWiﬁﬂ‘HWﬂWﬁ'lifJ@ﬂi]“Vl‘ﬁVIWQGI)"Jﬂ'IW611?)\131!@1/!1@[11"]1’1ﬂWﬂﬁiUu'lﬂgL'ﬁ IBRITMNUUINAIY
] ) 1 v A sAA v Y Y a =4 A AA
HITU 'E'J'mlﬂhl‘l]f:[fn'iﬂﬂl'ﬁ’E]ﬂin'ﬂuiﬂhlwwﬂmﬁﬂﬂﬂ'lwcluﬂ']ﬁﬁﬁNﬁ?iﬂWHﬂau‘ﬂiﬂllazﬁﬁﬂﬂu

parszneumaniilui o 14

%

d
agiszaan
A o @ J 9 @ @ @ Y I dy a =
1. L‘Wf]’ﬁ’li')ﬂl!a&’ﬂﬂLlﬂﬂi’l!'é)UIﬂulV\lﬂi]’lﬂﬁfg’l‘ﬂgl'ﬁi]Tﬂﬂﬂﬁﬁﬂﬁi\iﬂlﬂl,ﬂul"]ﬁ]ﬂi’E]:‘VI‘E
A Q‘{QJ a =4 A QJSI a @ dy
2. LW@W@'@(@UQ%‘EW’]H@QH%iﬂllagﬂiE]E]V]‘ﬁ@]’luﬂuyﬁflﬁigﬂlﬂ\iﬁ'ﬁﬁﬂﬂwfJ’l'Ui]’lﬂﬁf’f]i“’f]u

Ta 'l

o a sl = =
3. muuﬂﬁvumuauh”lﬂmmqmmwamw

Han1InNaaN

1.1 matfudleehaviagnnza tazmsngninoulalus

ﬁmmﬁué’f@aém»rtﬂﬁma 4 ﬂfﬁﬂllgfuﬂ' Enhalus acoroides, Cymodacea rotundata,
Halodule ovalis 1% Thalassia herpridii (717 1) v3nasuzany faniansa Taoiudess
nafou Ay 17 59 12 a%s (FunniAounsngIAN 2551 — Heuiguisy 2552) uazuen
swoulalininaiuaie q veanghmzia Tdun 1y &du 50 waz daumd awrsouons

4 ' 2
ouTla Wi ldWanua 210 ToTsan dsms1eh 1 TaoosamInguen lanndiuly



—

i
Y

Halophila ovalis

Thalassia hemprichii Cymodocae serrulata

51t 1 dedrnamzaiimmensuouTa vl

A o ' 9 o s Y ! , A
AT NN 1 G]’3’0El'l\ﬂ’iiy'l‘ﬂ3Lal,!,ﬁ$fl]'l‘L!’)‘Llﬁ'llf]uiﬂl’l%lﬂﬂuﬂﬂvlﬂi]'lﬂﬁﬂu@nﬂ UDINY

Susuoulaliifuen'l| )
Seagrass species
Ty 510 mdh 591
Enhalus acoroides 46 1 1 48 (22.9%)
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(MIC = Minimal Inhibitory Concentration) uazamdududaaiiannsasingoqdunid
(MBC = Minimal Bactericidal Concentration) 1a83% microbroth dilution
'lﬁ'ﬁwmavmaaqu%lﬁymﬁ'mmmsﬁﬁ’ﬂwﬂmﬁgﬁwm 602 213 1nsweuIa 'l 210
isolates AL 200 pg/ml fuidorolsn 14uA wuaRGounsuwan (Staphylococcus
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idulesn, CH= druafianenl hexane MnaIvdules

“Staphylococcus aureus ATCC25923 11ag methicillin-resistant Staphylococcus aureus (MRSA)
*Escherichia coli ATCC25922 1% Pseudomonas aeruginosa ATCC27853

‘Candida  albicans ATCC90028, NCPF 3153 uag Cryptococcus neoformans ATCC90112,
ATCC90113

dMicrosporum gypseum SH-MU 4 clinical isolate U Penicillium marneffei clinical isolate

a A a

o A & A = Y ad
AMNAANTITINAADN mmmﬂmaaﬂm]'iwm1J5zﬁmmwmmiummmqaumﬂ
[ A o Aa a'{s) AAa aA A [
(MIC < 10 pg/ml) wammﬂﬂumﬂw 3 Iﬂﬂt’fﬁﬁﬂﬂﬂhi}ﬂ‘ﬁﬁ?ﬂl!ﬂﬂ%ﬁﬂﬂﬂq’ﬂ ADTITENA
! Y o 2}‘ 09: v
1811 ethyl acetate iﬂﬂﬁi]u!’ffu1851 ES-73 (ES-73CE) ?W1508UEN S. aureus ‘V]\iﬁﬂ\‘lﬁ'WEJW‘L!‘Q

Tagl¥ian MIC 1Ay 8 pg/ml tazansanaveny ES-172BE uag ES-172CH 1¥ia1 MIC Aoiife
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S. aureus ATCC259231M1AY 8 pg/ml SNSVGNTAMULARSIUNTNAY E. coli WUNATANA

ES-4BE Hn5111na1a (MIC 32 pg/ml) dauansafianignsa P. aeruginosa Wiuasaian

Pl
o

fignaei (MIC 200 pg/mD) 3911 IR ansdoya 3 umssii 2

ﬁmi*uqﬁ(éfmﬁ WUNME5ENAYe ES-38CE, ES-8CE uaz ES-26CH fuda C.
albicans 1WA MIC 1, 2 11ag 8 pg/ml MUSWY aIU ES-73CE, ES-190CH, ES-43CH az ES-
26CH S ¢ neoformans 1A MIC 1-4, 4, 8 1122 8-16 pg/ml MUEIAL f?m%”uqm%(“lums
duido M gypseum ¥ wdh BS-26CH T MIC 2 ug/ml 1Az MFC 16 pg/ml Halndife
AUIAIUTINIATIIU miconazole HENIING M5 ARACH 1Az BE 11051 ES-5 S8 M gypseum
135090931 (MIC/MFC 4/4 118¢ 8/8 pg/ml AINEIRL) dmsude P marneffei WUAIANG

ES-49CE {ignFiuna1y (MIC/MFC 16/64 ug/ml)

1.3 MsnAgaUgNBAIHDIadasE

A o Ay Y dy dy < 3 A A 1 Y

osnnmsanain ldninmamizidesdenainamnluaswsniUSunauanaanu

a Y [ 9 ' o v 3 = 9 1 [ d'd a
vuwialdensanatdesun linedmsumsnageunsnue  39ldutsensananiidsinaun
A
Wo 59 115 Msana Usznoudae BE 83 @13 CE 24 d13 1oz CH 8 @13 91N14931 86 isolates
4 ! 4
VIMAdOUNERIUOYYADATE  IABITNINMIABUGNTAIMOYYE DPPH (1,1-diphenyl-2-
4
picrylhydrazyl) now Mindignsasimsnageuanuasalumssidaeyya OH (hydroxyl)
1ag superoxide anion WAMINATY WUNTANIada 14 ashlviwavInlumsnaaey DPPH
1 4 v
wethansananguil linageude wuhiimsana 11 wag 9 @sdawsoMineyya OH
. 4 @ Q‘{sl . oaa v A

18 superoxide 1A laoensana ESI09BE udasgniaueyya DPPH angaluszaud (c,,
0.036 mg/ml) ES109BE uiaz ESI87BE @woyya OH 1@ luszdudun (IC,, 0.62 uaz 0.69
mg/ml ¥91ndiAeeiuA1 IC,, YIA1TUIATFIU Tannin 0.5 mg/ml) Laze15ana ESISTBE uag
ES200BE @11013a superoxide anion 1U3zaUANIN (IC,, 0.22 1182 0.32 mg/ml Indifoanua

IC,, ¥9OIEIUINTFIU Trolox 0.3 mg/ml) (915199 4)

d ]

1.4 MINATOUGNENMTININOU

#15anALNEINNN NMR profiles Nhauly uaslimsanaumnneivdslnadeou

= 2 A Y =y dil [ . Sy ~ . I
ANENNTIMOU 9 1dun gniaudeinlsa (anti-TB) gniduunaiSe (anti-PH) anwilu
a 1 Q( < 1 [
Nydoad Lazgnimuaduzisud Uy MCF7 wuniensana 5 @15 fe ES43CE, ES44BE,
v P Y I
ES73BE, ES73CE tiag ES163BE Nuaasgninesinmimaiiiegnalasdianila naninaaed
[ ~ 1 [ I~ a 1 4 9 ~ [~ a 1 1
FINTNN 5 uaasana 4 aslunyeoras sndu ES163BE N lidluiisae Vero cell e
Y

anunsodufimsnTaveuvaduziss KB way MCF7 18 fis 1C,, 2025 uay 46.67 pgml

AWAINLY
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~ sAA 9 9 a A daa
QWTNT]3i%ﬂuiﬂ1ﬂﬂ%ﬂﬁﬂ8ﬂ1W1Hﬂ1§ﬁTNﬁﬂi@1Uﬂﬁuﬂi8@%@@

Wos1 | a3 MIC/MBC %38 MFC (ug/ml)
oula | ana
T+ SA MRSA | EC PA | CA1 | CA2 CN1 CN2 | MG | PM
ES-4 BE 32/>200
ES-8 CE 2/>200
ES-38 | CE 1/>200
ES-43 | CH 8/16

8/ 8/
ES-73 | CE >200 | >200 1/4 4/8
ES-5 CH 4/4
ES-5 BE 8/8
ES-26 | CH 8/128 | 8/128 16/>200 | 8/128 | 2/16
ES- 8/
172 BE >200
ES- 8/
172 CE >200
ES-
190 CH 4/>200
ES-49 | CE 16/64
YIINTTIU
Vancomycin 1/1 171
Gentamicin 0.5/2 12

0.06/ | 0.06/

Amphotericin B 025 |0.25 0.13/2 0.13/2 ND
Miconazole 1/16

BE= eIUaNANYI ethyl acetate i]1ﬂﬁy1lgﬂm‘§ﬂi1, CE= duafianeny ethyl acetate mnauidulest, CH= diuafaneny
hexane 1IndIdulos

SA = Staphylococcus aureus ATCC25923 , MRSA = methicillin - resistant Staphylococcus aureus , EC = Escherichia coli
ATCC25922, PA = Pseudomonas aeruginosa ATCC27853 , CAl = Candida albicans ATCC90028 , CA2=Candida albicans
NCPF 3153, CN1 = Cryptococcus neoformans ATCC90112, , CN2= Cryptococcus neoformans ATCC90113, MG =

Microsporum gypseum SH-MU 4 clinical isolate
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: = a @ o
M50 4 gnEAueyyaddszvesdsananns ey Ia luininvamzia

!64];' asweulalui | ensana Antioxidant activity (IC,, mg/ml)

DPPH Hydroxyl radical | Superoxide anion
ES97 BE 0.15 3.53 2.1
ES104 BE 0.08 2.74 NA
ES109 CE 0.064" NA 093"
ES109 BE 0.036"" 0.62" " 1.51°
ES122 BE 0.18 NA 1.54
ES129 BE 0.19 0.80"" NA
ES140 BE 0.17 1.72" 074"
ES141 BE 0.19 NA 052"
ES150 BE 0.23 4.02 NA
ES156 BE 0.16 4.15 NA
ES163 BE 0.078" 095" NA
ES187 BE 0.17 0.69 " 0.227""
ES197 BE 0.15 156" 065"
ES200 BE 0.11" 115 0327
Butylated hydroxyanisole (BHA) 0.02
Tannin 0.5
Trolox 0.3

++++ = very good activity, +++ = good, ++ fair, + = weak, - = very weak, NA = no activity
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A = S A [ 4 9
ATNWN S HNTNNYINTNOU "]sllﬂx‘iﬁ"lﬁﬁﬂﬂ%Tﬂi'lli’]uiﬂuh\lﬂ‘ﬂ']ﬂﬁfg']%gm

Cytotoxicity Anti-cancer
. Anti-TB Anti-Pf
a13dnA Vero cell KB MCF7
MIC* IC* IC,,* IC,,* IC,*

ES43BE inactive inactive inactive ND inactive
ES43CE 12.5 inactive 49.27 ND 27.27
ES43CH inactive inactive inactive ND inactive
ES44BE inactive inactive 26.06 ND 47.82
ES44CE inactive inactive inactive ND inactive
ES59BE inactive inactive inactive ND inactive
ES64BE inactive inactive inactive ND inactive
ES64CE inactive inactive inactive ND T3 uR
ES64CH inactive inactive inactive ND inactive
ES71BE inactive inactive inactive inactive inactive
ES71CE inactive inactive inactive inactive inactive
ES73BE inactive 3.27 11.3 ND 114
ES73CE inactive inactive 17.86 ND 33.07
ES83BE inactive inactive inactive inactive inactive
ES83CE inactive inactive inactive inactive inactive
ES163BE inactive inactive inactive 20.25 46.67
ES163CE inactive inactive inactive inactive inactive
ES163CH inactive inactive inactive inactive inactive

* pg/ml

= dJ = & Y (V]

1.5 MsAnyvenilszneumManiie Y AN TaNA
1AMIANY1 TLC TasunTaunsy uaz H' NMR alaasy vesasanaainiueula
o 9 o . 1A 43} . A ] o
TWinnugmem $119u 143 isolates WUMHFDI1 49 isolates AUANMUIAUTY dunsnda

[ Y 1 [ ~ =& dy 1 dy 9Y o dy ] dy dy

nauld 3 nau Awsel 6 FuFomaril Idimamzitesanalvg Tuesi@eadoran
4 dy 4 d' LY = 4 = (] dy ~
anaz 300 ml Woaz 50 Waran WemsanaasuazAnyeInlsznoumaniias 1 a1uson

AU 94 isolates U TLC TasunTounsy waz H' NMR alnasuin luvauls (@1351an 7)
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k4
o 1 1 1 1 o o
LLaszW‘U’NLGdHﬂ‘}JNﬂQN ¥U NQu 1, 2 uag 3 Nasnandu mellein, p-hydroxy benzoic acid

1A tyrosol AIUAIAL

] Y 5 v o
M35 6 Wesuoulalininnameedd TLC Tasinlaunsy uaz H' NMR aulaasuy

' Y o 2 A o
uTﬁulﬂllagllﬂﬂTﬂWﬁLWTx!a8@ﬁlﬂﬂ1ﬁm!W@ﬂ15ﬁﬂﬂﬁ15

AQu* Ao H' NMR a1)ansy TLC Insunlaunsy NUBIE)
(PSU-ES) (Fo51RTH
NMR atilnasy
Miloui)
1 | 44,45,59, 64,71, 83, Uty 191909 aromatic | YHAY spot Waluuv | ESI61=ES162
109, 113,122, 123, 124, | 1@ olefinic proton 19 anisaldehyde ozl
161,162, 163, 167, 180, | 0819%Aa1 MIUINAUUDIA1TOY
182, 187, 194 FaLau
2 | 91,111,138,139, 148, | NaQy@ 14V aromatic | UYWAY spot Waluuv | ESIS2=ES156
151, 152, 156, 157, 159, | 1182 olefinic proton 1% anisaldehyde 11 13 | ES157=ES164
164, 165, 169, 174, 185, | 9819%A1 A lungud 1 ES199=ES210
191, 197, 199, 200, 208,
209,210
3 97,104,106, 141,150 | Ny 14 v04 aromatic | 4 3-4 spots 1 UV ua | -

181% olefinic proton Tai

ADYTALDU

TaiwasTu anisaldehyde

til 1 = [} =} 1 [} 1 A [} 9 [} 1 091}
*L“])"E)iﬂuﬂ’sjmﬂﬂ’llﬂu I H NMR atilaasy "lummuﬂu YNIUVNAUNTUU

81




~ e ' v Aa 1 &
ANTNN 7 lef@5’]&@1&1@17\]“%’]?\14@1‘1/]3&@17]“ TLC Tﬂilﬂi@llﬂill oy H NMR ﬁﬂ]ﬂ@]ﬁll

vranlarios
ngu* WA H' NMR anlaasy
(PSU-ES) TLC Tasu launsu/
MIvian
1| 36,65, 116, 153 1l mellein 1fluanswdn
2|79, 85,99, 103, 125, 126, 132, 133, 134, 155, 1723 | Sarsvandlu p-hydroxy
203 benzoic acid
3| 57,78, 82, 96, 98, 100, 105, 115, 117, 120, 136, 145, | i tyrosol 1Huasndn
149, 154, 170, 177, 179, 183, 188, 195
4 | 55,76, 112, 119, 121, 129, 166, 176, 184, 190, 193, ”@mwmdauiw@ﬂsmgﬁ
196 AUING Yy IV
aromatic L10& olefinic proton
19 ua lidau
TLC Tasulaunsnd 2-3
spots
5 | 3,37, 81,89, 92, 94, 102, 114, 128, 131, 135, 140, ﬁ’maujmdau“lmjﬂsmgﬁ
147, 158, 160, 171, 173, 181, 186, 189, 202 AU
TLC Tasu launsud 2-3
spots
6 | 61,86,88,90,101, 108, 110, 117, 118, 130, 142, 143, | laifideya1sv09 aromatic

144, 146, 155, 168, 178, 192, 198, 201, 204, 205, 206,
207

11ag olefinic proton
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1.6 m3swunrfiasueulalvvionvainza

mﬂﬁ;}muauiﬂ"Mﬁﬁuﬂﬂ"lﬁ’mﬂwifmxmﬁwm 210 isolates WLINLWEN 51 isolates
fiatramlod vazenunsndaswunldlusyauiia sau 8 S1id (135199 8) Taoshude u3iia
Cladosporium 14 isolates 39303941 8un Penicillium 12 isolates, Curvularia \\& Fusarium
DY 6 isolates, Nigrospora \Wg Trichoderma DY 5 isolates

Smduiden luadumled Idfadonin 140 isolates thosuunviialasiEnuga
Tmaqa Taefnu1d@IU ITS (internal transcribed spacer) region 1@%msena DNA L‘ﬁllﬂ?lﬂm
DNA §1633PCR nazaalividduima Taovin 1118 135 isolates (80 5 isolates Wi uioa®)

’

1 1 a J
Yz ilogizniNmainTIzidoya

Y H
A =

wonniidnoawlumsaieensdigaunidluamsiei 3 fifios 3 isolates Nads
YY1 2 o Y o
a1les ldun Es4, ES5 uay ES8 dadwunldiilu Aspergillus, Nigrospora wag Trichoderma
o w o o dy ~ A &2 o 1 o a 14 Y =2 Y 2
awdwy  dmSuireimaedads liaunsodwunwiald  AossewamsAnyInisang,
Tuiana
o v A Ao v v a aa A
dmsuronnldnenwlumsadinasdueyyadaszanga laun ES109, ESI87

vy IR o ] o a Y 9 =2 vy =
1ag ES200 hlﬂJﬁiNfﬁJ@i ENENVliJETWNTiQmLLHﬂ%Hﬂhlﬂ G]’EN‘Z’EJWﬁﬂﬁﬁﬂ‘]&ﬂﬂNﬂWH‘]ﬂ’ﬂmaQﬂ

~ zﬂy P Y 9 ) a [ o a
A1T19N 8 !‘D’@iuﬂlﬂﬂllwﬂﬂLlﬂﬂvlﬂ’ﬂ"lﬂﬁﬂun‘ﬂgLﬁ’ﬂ']iluﬂsb'u@ﬂ']llaﬂﬂmgﬂ'lﬂﬁmﬂ'lu?ﬂﬂ']

i DRMTRYY SWae
(PSU-ES)
Aspergillus 1 4
Pestalotiopsis 2 19, 180
Nigrospora 5 5, 89, 114, 136, 154
Trichoderma 5 1, 8,14, 18, 38
Curvularia 6 25,45, 58, 59,71, 72
Fusarium 6 48, 84, 85,137,177, 183
Penicillium 12 2,3,13,16,17,36, 113, 118, 123, 126, 138, 153
Cladosporium 14 37,40, 47, 53, 54, 65, 77, 80, 81, 82, 102, 125, 132, 134
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a d
Insaazagilua
4 4

MAHANINATIUNEMIUYIETANAnIIURIHNA 602 @3 nnsweulalid 210
. o A Aao Y a  Aady ya .
isolates @1M1InAAEENINIANEN N IUNMIATUIAUNTIIAALIN (MIC < 10 ug/ml) 8§ isolates
Ao ES-5 (Nigrospora sp.), ES-8 (Trichoderma sp.), ES-26, ES-38, ES-43, ES-73, ES-172 uag
ES-190 isolates uazsuoulaliiniidnenmlumsadisensduouyadase 3 isolates 1din

= @ 4 A 1 g a 1 J 1
ES109, ES187 tag ES200 uazdalimsananinsuonlalii Esie3 dludluiivaomad ua
Y :AI ] ] 1 o

awnsodudusaduzsdld wwmiuldhsweulaldinandmzaifneamlumsadaans
Y a =4 FY a Y < = = A dyq/ =
AugauNsd ensdueyyadasz @A ISy 1azgNENIINNOY 9 uenanHdINLIl

& . A 1 o ' £ <3| '
1¥0311 a0 isolates N1 TLC TasunInunsy uaz H NMR dilnasy diauls ssormilunvas

VOIATHANA UM TITUMAYTA MY o

1PNE1391999

1. Jagtap, T., (1991). Distribution of seagrasses along the Indian coast. Aquctic Botony. 40, 379-
386.

2. Gao, X., Zhou, H., Xu, D., Yu, C., Chen, Y. and Qu, L. (2005). High diversity of endophytic
fungi from the pharmaceutical plant, Heterosmilax japonica Kunth revealed by cultivation-
independent approach. FEMS. Microbiol. 249, 255-266.

3. Alva, P., McKenzie, E.H.C., Pointing, S.B., Pena-Muralla, R. and Hyde, K.D. (2002). Do sea
grasses harbour endophytes. Fungal Diversity Research Series 7, 167-178.

4. Phongpaichit, S., Rungjindamai, N., Rukachaisirikul, V. and Sakayaroj, J. 2006.
Antimicrobial activity in cultures of endophytic fungi isolated from Garcinia species. FEMS
Immunol. Microbiol. 48, 367-372.

5. Phongpaichit, S., Nikom, J., Rungjindamai, N., Sakayaroj, J., Hutadilok-Towatana, N.,
Rukachaisirikul, V. and Kirtikara, K. 2007. Biological activities of extracts from endophytic
fungi isolated from Garcinia plants. FEMS Immunol. Med. Microbiol. 51, 517-525.

6. Huang, Y.J., Wang, J.F.., G.L., Zheng, Z.H. and Su, W.J. (2001) Antitumor and antifungal
activities in endophytic fungi isolated from pharmaceutical plants Taxus mairei, Cephalaxus
fortunei and Torreya grandis. FEMS Immunol. Med. Microbiol. 31, 163-167. Pongcharoen,
W., Rukachaisirikul, V., Phongpaichit, S. and Sakayaroj, J. 2007. A new dihydrobenzofuran
derivative from the endophytic fungus Botryosphaeria mamane PSU-M76. Chem. Pharm.
Bull. 55, 1404-1405. Rukachaisirikul; V., Kaeobamrung, J., Panwiriyarat, W., Saitai, P.,

Sukpondma, Y., Phongpaichit, S. and Sakayaroj, J. 2007. A new pyrone derivative from the
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endophytic fungus Penicillium paxilli PSU-A71. Chem. Pharm. Bull. 55, 1383-1384.
Rukachaisirikul; V., Sommart, U., Phongpaichit, S., Hutadilok-Towatana, N., Rungjindamai,
N. and Sakayaroj, J. 2007. Metabolites from the xylariaceous fungus PSU-A80. Chem.
Pharm. Bull. 55, 1316-1318. Rukachisirikul, V., Sommart, U., Phongpaichit, S., Sakayaroj, J.
and Kirtikara, K. 2007. Metabolites from the endophytic fungus Phomopsis sp. PSU-D15.
Phytochemistry 69, 783-787.

Wilson, W. (1998). Isolation of endophytes from seagrasses from Bermuda. University of

New Brunswick. pp. 4-69.
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) [ g I~ @ @ @ { g Qy 1 @ ] 4 g
foe1urosudunal 7 Ju U T uLsNNNUMTI0NUDAFOTIINFUAIUAI0619 HousnFosila

a

a =y o a3 zij Y o ' =
VIgnuad Mmsinudoesilu 15% glycerol a1 luglu freezer Ngaunini -20 °C

U

3. nmwmamwm‘m%a‘lummimmmfﬂwmanq‘n‘ﬁd Nugdunsd
Sadondesmeafiuonld Faldnazuealala Auanduf wumizEsaluems psA 7
QUUY 25 °C WU 3-4 U ma%umwwwmmmimmmaﬂﬂiaummwaﬂ 1¥lufiardagy 95%
ethanol 1 limular W udrselidu ndamminildasudmusnaveylalad WWinnasuaz
Ix1 MIHEURINAT $191 5 31 udvhmsedoasluomsvan Potato Dextrose Broth (PDB)

a § J ) . { a < @ <}
U311@5 300 ml Aussyluardnuuia 500 ml 111 incubate Nguuiivios Wunal 3 dlai udunu

v
a A d A 9y

@ 1 2’ dy dy A o =y
AIDYNWNUUAYITD T LW@HW“ﬂﬂﬂﬁ@Uﬂ“ﬂ‘ﬁ@ﬂu%ﬁuﬂﬁfJ!f]JfNG]L!

Q

U 3:’ 2 tg Y k4 ¥ o IS}
4, ﬂ15%Tﬂﬂ‘L!1!aEN!‘]Ii’)i1!!@13!’(;T‘Ll‘lﬂiW’I]EWI'JTH@Z@]HTI”NMN

0 oy dy dy ~ @ qaj a ~ Y dy Y Y
1!1“1!@13]\1&%@511/]%@7]@'1%150fl‘]_lﬂﬂﬁ]au‘ﬂﬁf?lﬂﬁ]”lﬂﬂ"lﬁﬂﬂﬁ@ﬂlﬂ@ﬂﬁu Ulﬂﬂif’)ﬂﬂ'}]ﬂﬂigﬂ"ly

Q

9 E4
o

4 4 1 4 Y :1’ ) :j J J
N30 Whatman (U937 1 Lﬁi’)LLEJﬂﬁ’JLl“]J6\1Ll"IlaENL%’EJLLQ%L%HGI,EJG’Oﬂ%"Iﬂﬂu mﬂuuﬁqmmﬁmg%auaz
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e

A oA A a

Yy v 9 ) ~ A 9 a 3 9 4%/
wdulest lilanadediazaeniand NRYANIANUYAUNTINFOI MSIaBUATY ) 739U
(% dyd
SR
o o4 X
4.1 MIAnAURLUFDIINLIA
o @ Y Yo ! g} dy dy 1
Mmmsana lagly ethyl acetate (EtOAc, AR grade) Tagldoas1a1utinasudes1 Ao EtOAc
4 4 [ 4 4
Wy 2:1 msananavue 2 a5 1dh Et0Ac fldninmsanansassasansiuiundllaans
Y Y [
f9a1]1 (dehydrating agent) fi® sodium sulphate anhydrous 2411/ #asIniunsewdnhasavarwila
o QY Y ¥ A A A Y o g & &
T Truviad81n 504 rotary evaporator Ngangiitlszinm 40-45 °C lamsadanenunminaeusos

a

~ Y KR o Sy o I ~
neta (BE, Broth EtOAc) (D110 1) ummuﬂﬂmﬁam}wﬁmui;aummmzmnmﬂﬂizﬂaumamu
Y
111998 U8 MATIA TLC uag 'H NMR
Y
42 myanadulevoudesmeia
o [ kY o Y] :I dy dy ) F) dy 1
mmsanandrenumsanatitaeasest Jasduaulevoasos sy methanol (MeOH,
. I o ) o Yy 9y 9 LK) 1
commercial grade) 1Hunan 2 Ju haisazare MeoH ldlvidudulasnmsszmediazareuieaiu
Y Y Y
pan 1) nndwauhaely udnihldaiad e hexane (AR grade) Tudasiadu 2:1 Tagvimsanas 2
Y ] Y [
A53 1132111 hexane 7 lavnmsanaluiunte vdenniuihaisazais aqueous MeOH NRumMsaia
Y [l
#18 hexane 181 11 ) afadedie EtoAc Tudasiaiu 2:1 wunu Tasafiadig EtOAc 2 AT 39910013
v v 1 Y [ 1 A o @ ~ o
anasanavz ldasana 2 a1 Av CH (Cell hexane) 118z CE (Cell EtoAC) auddy (nwi 1)1 11l

a'{ﬂl

a aq s P ) 1 o
ﬂﬂﬁ@ﬂq%‘ﬁﬂWH*ﬂqﬁu‘ﬂiﬂ Llagﬂi’J%ﬂ\iﬂﬂi%ﬂf]UﬂNlﬂllL‘UfN@]uﬂ'Jfl TLC e H NMR ﬁlﬂﬂﬁill
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g
smzaidesluerms PDB

A 4

A
GENE PR iduly

(Culture filtrate)

(Fungal mycelium)

A 4

Y
AnAAI8 EtOAC 2 A4 13511 MeOH 111 2 U

- SLMEAITIaz a1800NUINE I

Cdh
v
EtOAc o Y o
TNANIY hexane 2 AT
v
o Yy 9
MULYNAIY evaporator A4 A4
Hexane Aqueous MeOH
o o & l
F1ITANANYIVIINUUAY v
k4
Y ) % 2
18951898 BtOAc W ade evaporator ANAA2Y EtOAC 2 A5
(BE, Broth EtOAc) l l
asananerunndule N394 evaporator
A 9
1031928 hexane l
(CH, Cell hexane)

ﬁ’]ﬁﬁﬁﬂﬁﬂ1ﬂﬂ’]ﬂl%uﬁlﬂ
& v
103178 EtOAC

(CE, Cell EtOAc)

MNA 1 LHUMNNTANATNTNMUALV0IT NI Aledazaeytiang o
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4 Y v

2y a A d A 9y o csy dil Y ad . . .
5.1 NAFDUYNTATUIAUNTIUINAU TIHIUUUAYUFDTT AIYIT agar well diffusion (Lorian,

€

3—_‘70

1996)

ﬂmfmﬁm;qwﬁ%’vugﬂ%gmﬂﬁﬁmmz%ﬁ

1A38% inoculum AN streak L%ﬂlmﬂﬁGﬂ Staphylococcus aureus ATCC29523, Methicillin-
Resistant S. aureus (MRSA) SKI1, Escherichia coli ATCC 25922 #49¢ Pseudomonas. auruginosa
ATCC27853 ‘.IJ‘LJmW”I'iLgENLG?;’fJ Nutrient agar (NA) nglggﬂﬁﬁﬁ’ Candida albicans ATCC90028 UU

a

y J 1 { d Q'J 1 g
91M131889%0 Sabourod dextrose agar (SDA) tagliuNguugll 35 °C 1Wunal 18-24 #1Tue dde

v Y
Cryptococcus neoformans ATCC90012 2% streak DUBIMI5IA8U%D SDA WURINY C. albicans LAVL

s ay M 4 & . ) & & .
UUNYUUHUNDIUTUY 48 ¥ 109 Weaeo 3-5 single colonies 24119111518891%0 Nutrient broth (NB)

U

~ Jd o

SvSuUANIS e ag Sabourod dextrose broth (SDB) dsuded 1111 incubate 1391 35 °C 3-5 ¥2T1s9

14
o ]

1 { <3 ] o o 1
U shaker incubator 1819AMI57 150 soUABMIR WasnInTwiTuIR Idanusu 0.5 uaz 2.0
) o 4 o w . . Q {
Mcfarland standard §115UHUANIS BUALBAAAINSIAVAIY normal saline solution (NSS) 1H1MIauie
Y A Y a Y o Yo Aa
Tag 1% sterile cotton swab 1% aIA1HNLIA 911015 swab 1HNIDIUOIINTANNYIUL 4 mm Tag
L o
uuanisel491915 Mueller Hinton Agar (MHA) 1aded 19 Sabourod dextrose agar (SDA) mmsmziju
{o ] 4 o Qs/l 1
814113 2201210V Pasteur’s pipette YUIAIFUATUFUINAN 6 mm TAgiNanNa 17 HiquaAo I
% Qng oy dy dy P dy ~ [ I'd a
naenntuneaideudousssuou Ia liiiimnzidelu PDB fieny 3 dila Usuas 80 ul aslilu
= Yy v Y T ag o Y A A 9
nauinz 1uds Tasganugunadoudeunuelsive dmsuuuniiGe S, aureus taz MRSA 19
. ' . . Y ..
81 vancomycin 30 pg/llNUY E. coli ATCC25922 ag P. auruginosa ATCC27853 e gentamicin 10 pg/
] 1 o ] ) { 0‘/ o [
WY @UBaA1Y amphotericin B 10 pguniu 11111 incubate #1 35 °C 18-24 H2lue dwsy C
neoformans ATCC90012 11111 incubate Ngmuniiios U 48 %1 1ue iWensuimuanal iimseu

G

@ ' 4 ] v d a A
Ha Taems IadurIugLINa19UeA inhibition zone 1A% vernier caliper virems Sailluliaduns

P ¥
MINAReUNIMUITeT1 (fanlasninitnIved Huang ef al., 2000)
o & = &4 o . =
1958 inoculum UYBUTOI1 TAUIALY M. gypseum UUDINITLAYILLO SDA 11111 incubate 71 25°C

v
(% 1 4 [ Y
an¥snNaY TUW@]L%HNWH@H&ﬂﬁNﬂi%NTm 2 cm wmmﬂuui% pasteur’s

g}

3-4 u 1714 colony i

e

K

. dy d‘ 1 = Ay d' o v a S \
pipette 1CDINTILAYL E]‘V]E]QSE]‘U 9 Iﬂiﬂu ﬂlﬂﬂl‘ﬁ@iTVlﬂ"lﬂ\u"lliﬂJuLﬁUIﬁ Iﬂﬂﬁ]”l%ﬁﬂﬁﬂﬂﬂl@ﬂﬂ]@\‘l
v o G { 7 < A o ¢ |a
Colony ﬂizmm 0.5 cm LLﬁ’J’VIEJE]ﬂ‘L!HﬁENL%GSWLGHI@]‘],WTWIL‘W1$!QENIH PDB ‘1/1?]18; 3 ﬁﬂﬂTﬂ “lJ‘ilIW]i
~ gy 9 Y 1 as . . '
&0 ul aﬂﬂiquummﬂmm T@ﬂﬂgﬂﬂ?ﬂﬂﬂﬂﬂﬁ@ﬂﬂ?ﬂllwuEJ'I“]J@]“]YJ‘L!% miconazole nitrate 30 p,g/!,!,W'L!
Y Y

H Y
o . U [ 1% 1% % Q/ Q/ . IR S|
111 incubate #1 25 °C 3-4 Fu dunawamsduduFonniu MINIMIFUTZNY inhibition zone 11U

4
9 ' ' a 9]
seedmIewuIuyeu liaunsonsyaevqull]1d
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= a J [ [ [ § a
5.2 ﬂ?iﬂﬂﬁ@ﬂﬂﬂﬁg]}”luﬂﬁuﬂéﬂ ?f”l‘l/iiﬂﬁﬁﬁﬂﬂﬁmﬂﬁﬂﬂﬁdﬂ@'ﬁﬂ&a Tae75 broth

microdilution

= zﬂy a S
MIATINITOIAUNTIVIATI T
= dy a S J dy A A
mﬁﬂﬂl%ﬂﬂauﬂiﬂuiﬁig1uiﬂﬂﬂﬁ streak IBOLUUANLIY S. aureus ATCC29523, MRSA SKI1, E.

coli ATCC25922 Uag P. auruginosa ATCC27853 UUDIM3IALAUYD NA Lav¥odad C. albicans

a

ATCC90028 UUBIMNTIABAUAHD SDA uavtiufgaugil 35 °C flunar 1824 $2lus dwde C

U
Y

Y H
neoformans ATCC90012 ¢ streak VUBIMISIAOUTD SDA WUIRGINY C. albicans UAITUNN

i 1 H Y E4 Y
gauniitesnu 48 $11ue HaanaTUNMNRHUAEFe 3-5 single colonies avluoMITABUTD

. o Y S dy dy o [ dy = 4 [ <
Nutrient broth (NB) @I ULUANLTY LAY 91M1TA8UTD RPMI-1640 @MU ITUIFDITS (VYIAIYAINNLT
' A A a 1< ) o 3 o [ I ¥ [l
150 59UADUIN NYUNHU 35 °C Lﬂul’)fﬂ 3-5 GI)"JTiN Wmmﬂuummﬂiﬂw"lﬂmwm;u 0.5 uaz 2.0

) o 4 o w . .
Mcfarland standard mmmmﬂﬁL’%'auax%mmumﬂuﬁaﬂ normal saline solution (NSS)

a

o (% dsl = dy dy dy dy 9y 1 d‘
TINTUYDI M. gypseum 30U 1IN SIAsUFOUVUMITIA8NTO SDA HAUUNYUNYU 25

U
2

I~ o ¢ o A ¢ o < 7 :
oc 1flunm 2-3 dleawt wievunsenudeaiwales imanuaies lnaemsldgnudiisisniniae
g a = dy A Y J Y a Y @ ! .
nasuui lalatiiesune Iviailesvigasenainidule o NSS 1a215unuyuUee spore suspension

T ldanududu 4x10' - 5x10° spore/ml Taels hemacytometer

MINATOUYNEMIUUUATIS o TodAUYBNTTARANEIUNTEAUAIMTNTY 200 g/ml
(dauaga1n CLSI M7-A4, 2000)
Y

) (% 4

whasanarevingesueulalviuiaza1v@is Dimethyl sulfoxide (DMSO) 1% ldaau
Yy 9 < Y g . A a A Y o 0 ~
Wudu 100 mg/ml Uiy stock solution Mgangil -20 °C 1Wevz ldiimsnagey hasazaied

Y
sEAUANNMTUTUAINGY Maza1eaadls DMSO 1udasidiu 1:10 LazasasndnaTIfIen1rils
s & . o , 4 o q Yy ¥ Yy 9 >
13891%0 Mueller-Hinton broth (MHB) lusasiaiu 1:25 ezl ldanududuvesasananeny
I 400 pg/ml gaensanave1 50 ul laluudaznquaued sterile 96-well microtiter plate AMITUTL
09-1’ ) dy ==} = 9 [ 1 £ o Y

az 2 viqu MM uFeuuARSen1ATgIY (0.5 MF) 81399719428 NSS lusasiaiu 1:200 Feagsir 14

Y Yy 9 A A 5 A A 1
”lﬂﬂ3111LﬂJ3JﬂJuﬂJE]QLL1JﬂVIL583J1G]5§1uﬂi$3ﬂm 5x10° CFU/ml ANTTAZAYUUANITININTTIY 50 pl Gl,ﬁ

= 1w !

Tunaagzngu Feezi 1 ldanududugamevesasanalunaaznguilawiiny 200 pg/ml 1y plate

a

{ I ) Qa’/ a 1
Noangil 35 °C Wunat 15 ¥ Tug MNTUTUAN 10 pl Y93 0.18% resazurin indicator 831U uuday

Q U

]
] 1T A

a I o 4 Y a aaa ] d 4
Yy vuaanguUnny 35 °C Lﬂunm 2-3 GBQIIN Lﬁﬂiﬂlﬂ@ﬂaﬂiﬂWﬂﬂWﬂﬁNuﬁm ?ﬂuwaﬂ'ﬁ‘ﬂﬂﬁflﬂlﬁ@

Q Q U

ATUNAINAMUA

) . = S Y 9 ) S a9 9
401 vancomycin LAY gentamicin NTIEAVANUYUVUTANIY 4 ng/ml Lﬂuﬂgﬂﬂ%ﬂﬂu%jﬁwaU’m

L)

Y v = v o [ o
waz ¥ lumslSeumeunugnivesasanad M LHUANIT BN TUUINUAZUNTUAY AMUAIAL
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Sy o rd oy o S o L
MINATOUYNIAILEAATONANYINTITANANGIUNTEAUANMTNIY 200 g/ml
(#A/aenn CLSI MA27-A2, 2002a)
= [ ' Ay = Jd = o A A ~ 19 9 dy dy
NAAOUNTURIANIANANEUADIFOBEA 1FUAGINULUANITY 186 1591113108130 RPMI-
] { a IS o ) [ § ) {
1640 1121 microtiter plate NN 35 °C 11111781 24 $2 113 dMSVFD C. albicans 1oz 48 F2 1190
Y ] H
gaungives dmSude C. neoformans 11OATUNANRIMUATUAY 10 ul YBI 0.18% resazurin indicator
' o ' Y A P a <3| v
avh)lundazviqu uazihmseumamsnadounaanIniuy plate 13nganigil 35 °C 1lunan 5 1 Tus
3 4 o ) y < Hq v o o
14961 amphotericin B 138AUANUANTUGANE 4 pg/ml T uganIuaun InawInlumsdud

=1 4 Y =1 =1 Y] a( LY
gaataz 1y lumsilseumeunugnivesasana

P P '
MTNAROUYNEMIUT UTOIAUVBNTITATANIUNTEAUANMINTY 200 g/ml
(Aau1)aa91n CLSI MA27-A2, 2002a)
= @ 1 dy 1 = [ A A = 19 9 ‘;/ dy
NATOUONTURIETANANOUADIFDI WHReINULLATISY 1o Fe1v15i@eu¥e RPMI-

a

[ 1 I o 4 { o Aa
1640 1Az 1N microtiter plate NYWUUYN 25 °C 1Hua1 6 W WoATUNANMMUATUAY 10 pl VoI
0.18% resazurin indicator 84 11/ lun@azvqu uazihmseuwamsnadounasnInfiuy plate 13 1 3u A
QUNYIN 25 °C
v 4 o Yy v y < Hq v o &
1981 miconazole NILAVANMIVVIUYANIY 4 pg/ml 1WuganIuguN INaDINTUNTTUHI
9 = ~ 19 = [
wazlslumsifSeumeunugnsvesasana
Tumseruwamsnagoy oM siasuduod resazurin @UIFUDI Drummond and Waigh
Y Y v o a dy Y . A A
(20000 MEsanamsadudamsaulaveuteld  (WaUIN)  resazurin RN UIUNTOFUI

A a 19 [ ] [ qu} g Y dy a = = . Y
IHUBUIAY Lmﬂ”Iﬁﬁﬁﬂﬂllllﬁ”lll”liﬂfmﬂﬂt‘]f@hlﬂ (Waay) Wevrawsoay lauaziaoud resazurin I

gy

oA [ 9y

1 < Y
msanagligns lumsdudaunisnszauanududy 200 pgml  liUnageuwia
minimal inhibitory concentration (MIC) {t91$ minimal bactericidal concentration (MBC) %30 minimal

fungicidal concentration (MFC)
53 ﬂ151’ﬂf’h MIC, MBC e MFC ﬂl'ﬂﬂﬁ"liﬁﬁﬂﬁﬂ“ﬁ]'lﬂﬁﬁ/]gm

MsHIAT MIC veaasanane 933 broth microdilution MaAuasain CLSI M7 - A4
(CLSI, 2000) SwsuiSeuuafiGe dautasan CLSI MA27 - A2 (CLSI, 2002a) Swiuisetad uas
aau1lagan CLSI MA34 — A (CLSI, 2002b) f;?m‘i"m%aﬁ Taeiims@eanasananeua1833
serial dilution Tagiuduiinnududi 128 pg/mL nazidea1aldldnududy 64,32, 8,4, 2,1, 0.5

e 0.25 pg/mL MUAIAY
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o [ 9 A 1 Y 9 ° A g/} dy 3/:1! I = g’
ﬁaﬁﬁnﬂﬂllﬂ”lfﬂ@lﬁﬂ’]')gTILW?J']%ﬁlI ﬂ?ﬂ'J"I?JLGUN”Uu@]”IfIﬂ‘VIﬂﬂﬂﬂl%@qﬂ“ﬁﬂfﬂzllﬁﬂﬂNﬁlﬂuﬁu’]
a A A =) 1
NUNTAaUN ADA1 MIC
9

[ (% d‘ (=) Q( [ c?: a ad [ 9 d'o' [
ﬁ?ﬁiﬂﬁﬁﬁﬂﬂ‘ﬂllllllf]‘l’l‘ﬁeluﬂ”l'iEJ‘UENﬁ)‘ﬁu‘Vliﬂﬂﬁliﬁﬂ TuszauaNUINIUNAINI 128 ug/mL

LTWNUNUATMIC IM17D 200 pg/mL

' 1
o =)

Y
msmmaNutududIgaiansoauFeuuaiisonsies1 (MBC w3e MFC) vedansana
WOINT Mz Inetha15aza10910MQy  microtitier plate NNAIANMANTUNINATMTOIIIND

Y Y Y Y Y Y
A1 MIC 11 streak VU890 NA S U@oLUANISY LAZUUDIMITIAIYD SDA d1MSUIFD

~

a o Jd 0 ' 9 Y 9 o A lddy A A a A
YRS I m"lﬂuumsﬂmﬁm:]z MU ay ﬂ'J111L"]Jﬂﬁli!@]'l’sjﬂ%vllllll‘]fﬁlllﬁﬂﬂﬁEll,iliiy']_lu@ﬂ’ﬂi o

9
A A J

A1 MBC uazanudududmigan lutiFedadniesmmsgunems Aea MFC

WaN1INAADY
< % | Q‘ QA
Msfudeead iz Inlunzia tazmsuensmza
3w ' 1 o ] o o a [ @
NNMINVAIBENA M8 tazdad lilinszgndunds lunSnadimia guns uasaS 5350519
<3 1 J [
uazQia - JEHINADUNNTIANLAZIABUNTNGIAY 2553 WU @nsauens Mz lad I 105
I zﬂy = A AAaAa o o A o
Tolaan Wwrosfiusnnndalizialunzaandsmiagumnsniiga 31u0u 65 loTman se3asn
[V [ <3 ) [ [ ~ 9 ~ ) dy
nnTaiaga $19u 35 leTaan tazandaniaunsas sssusdesiga $1u0u 5 Telwan 15031
v < Y v o ' o v o < Y v
nuenldidugosnuenlddaililinszgndundsdwou 72 loTwan  wazduesiiuenldan

a8 33 lolaan aeuaaaluaisnen 1
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d' (Y] 1 Q' aAaAa o Y d‘ Y
5N 1 @206197913 0 Tunzia 1muau Llﬁgiﬁﬁ'ﬁ‘ﬂg!ﬁﬂllﬂﬂllﬂ

Q' SIS o d‘ Y,
mmmﬁlumm (mmmmzmmmn"lﬂ)

. - sHasamzm’
nqu B
Seaweed (33) Chlorophyta (6) Enteromorpha clathrata (2) | MN A1, MP El
Ulva reticulate (4) MN B1-B4
Rhodophyta (5) Porphyra vienamensis (0)
Bangia fucopurpurea (0)
Peyssonellia rubra (5) MP H1-H2, MP M1-M3
Phacophyta (22) Sargrassum sp. (11) MC K1-KS, MC F1-F4, MC G1, MC
N1
Turbinaria sp. (12) MC B1-B2, MC C1-C2, MC D1-D3,
MC H1-H3, MP 11-12
Invertebrates (72) | Mollusca (8) Hemifutus ternatanus (6) MCII-I3, MC V1-V2, MC W1
Murex trapa (2) MC Y1-Y2
Coelenterata (51) | Favia spicosa (4) MC Al, MP D1-D3
Pocillopora damicornis (0)
Turbinaria sp. (8) MP F1-F4, MP J1-J4
Acropora sp. (16) MP A1-A2, MP B1-BS5, MP G1-G4,
MP K1-K3, MP L1-L2
Pteroeides sp. (3) MC M1-M3
Fungia sp. (1) MP Cl1
Gorgonian (11) MC L1-L6, MC Q1-Q5
Sea Wash (8) MC J1-J8
Porifera (11) Sponge (11) MC E1-E4, MC O1, MC P1, MCR1,

MC S1, MC T1, MC U1-U2

Crustacean (2)

Odontodactylus scyllarus (2)

MC X1-X2

373U

105

a g { o " o o
MC = lfd]ff]i1%8Lﬁﬁllﬂﬂﬂ1ﬂ@'§flﬂ?ﬂﬂ\1’ﬁ'JﬂﬂzllWi

§ { Y 1 @ @ a3
MP = L%i’]ﬁ"ﬂ/]%mﬁLLﬂﬂﬁ]Tﬂ@]’Jﬂﬂ%?“’ll\iW')ﬂ{]Lﬂ@

Y ]
MN = 1505 INANLINIINAIDENIIN I AUATAT FITUIY
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ad a = J 5 A A
MINATDUEYNTA 11!@@1«!7]5851]6\1141!@8\1!%’0

) A Y A AaAa csy dy 43} A a9y I
mﬂmsmimmmﬂuaﬂmmmmmiumm "lﬂmﬂﬂu@mmaamm PDB ‘wqmﬁgwmgﬂu

@ J o 1 oy dy <y a A an . . '
a1 4 ﬁﬂﬂTﬂ 1,mz‘mmuuuam”lﬂmaauqmmm;aumﬂﬂaiiﬂ Tﬂﬂ’m agar well diffusion WU

& ~ Y a A ) v A Ada v 1

NI INSLANINUA 105 “laicma@mwﬂ”lﬂ 3J511/18136‘1/]@'1%13’[,]’!;’(51\1?(15@]1Uﬂauﬂiﬁlﬂﬁ)jiﬂhlﬂ@]%m 1-4
a o < { {y ¥ ' o o J
¥iia 91U 34 lelwan (32.4%) Tasusniludesinldainaivsie $1uiu 16 lelsan uazandad

= v v o d’
”l:u:umz@,ﬂﬁuwm 31w 18 leTaan (a13199 2)

v P
A A v o Y o

GﬂiN‘VI 2 %WU’JH‘BUW’U@\‘]ﬁ]ﬁuﬂ‘iHWE‘Iﬂﬁl“lJENﬂ’JﬁmHﬁENL‘]fﬂﬂﬂ“’m

U

v a‘

naudaFIn lunzia mmummmwa%auﬂ dﬁ’qm fugdunidnelsn (%)

1 B 2 B 3 ¥ 4 ¥ 39U
A58 (33) 8(24.2) 3(9.1) 4(12.1) 1(3.0) 16 (48.4)
dadlilinszandunas (72) 8(11.1) 8(11.1) 1(1.4) 1(1.4) 18 (25.0)
374 (105) 16 (15.2) 11 (10.5) 5(4.8) 2(1.9) 34 (32.4)

P

v Y Y Y Y Y Y Y
Hefnsantisiadenelsnit andugelamindeuresmzia WU dsuFodT0dUH
a A ~A A Y A
ﬂﬁmmmmm@ummﬁfjuﬂﬁumﬂ"lﬂ ANEA Tagdismneasiuau 18 (17.1%) uag 12 (11.4 %) mﬂmm
Y Y
Y Y a e egqe . Y
TINWATIVYING Li]iillﬂ’ﬁ]ﬂ!“?)’@ Staphylococus aureus 10g methicillin-resistant Staphylococcus aureus 14
g’ dy dy = o 3 A A Y = o
WRsuFesmemiignidvdwuaiGounsvav ldasesatn Taelismeadiuau 10 (9.5%) uay 7
~ 9 [ 09.1} dy . dy . . . Y
(6.7%) ToTwan Nansaas e duduse Pseudomonas aeruginosa WaZl¥® Escherichia coli 14
o w :’ dy dy [ :/l a ~ 4 A o Y Y 1 ddy
AUAA unaENmfasmzmﬂ‘ummsmtymmﬂﬁmmzimummﬂaaﬂﬂuaﬂ Tagwun 9o
o LY 1 @ lel a 4 g
UMY 7D 5 (4.8%) "l,aimaﬁﬁmmmﬁ%’naﬁsmtmmimmumm%m Candida albicans MaZ1¥D
v ad 2 R ~ = 9 v o
51 Microsporum gypseum 19 taziitin@eausosininsmetaiies 4 (3.8%) namnsoaieansdud

Y =
Cryptococcus neoformans 18 (15190 3)
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d' a a ad dl [ oa/' Y oy dy Ay
A1TNWN 3 GFH@]"UE’Nﬂﬁu‘ﬂﬁEJﬂi’)Iiﬂ‘ﬂ@)ﬂﬂﬂﬂﬁﬂ’)ﬂu%ﬁﬂﬂ!ﬂf@i?'ﬂzlﬁ

ihidouio i‘hmm‘i’u%ﬂ;’w%aﬁﬁqwﬁfﬁmqﬁuﬁé’ffifﬂiﬂa (%)
SA MRSA EC PA CA CN MG
A1M319 (33) 10 (30.3) 5(15.2) 3(9.1) 5(15.2) 4(12.1) 1(3.0) 2 (6.0)
dailitinszqn | L) | 7098 | 466 | 569 | 104 | 342 | 342
FUNI (72)
374 (105) 18(17.1) | 12(11.4) | 7(6.7) 10 (9.5) 5(4.8) 4 (3.8) 5(4.8)

SA = Staphylococus aureus ATCC25923, MRSA = methicillin-resistant Staphylococcus aureus SK1,

EC = Escherichia coli ATCC25922, PA = Pseudomonas aeruginosa ATCC27853, CA = Candida albican

ATCC90028, CN = Cryptococcus neoformans ATCC90112, MG = Microsporum gypseum

A a = e sy v O SR S S
IWINAITUIDIVUIAUDY  inhibition zone “V]llﬂﬁﬂﬂﬂﬁ“l/]ﬂﬁﬂ‘ﬂuﬂﬁENW’OL“]JD'EJ‘UL‘V]EJ‘Uﬂ‘U“UHWﬂ

H 2
inhibition zone 71 lAMINNATPUAVIZFIULWIATIIU WU YUIA inhibition zone VoUTBUUATISE

oazl a g =1 4 ~ [ :} Y 4 1 VoA
UATUAVNIADIFUA UALIFOTAR C. albicans N IAINMInageuiUinasureliaiseninlaoinnis

@ an A :I a2 dy q 9 . e !
ﬂﬂﬁ@ﬂﬂﬂmﬂg%ﬁu%ﬂWﬂ‘ijﬂu Gll.l"llmz‘ﬂll1!1l'ﬁEJ\‘]lﬂf’ﬂiWﬂ%LﬁUNVlﬂI“ﬁlﬁﬁ‘ﬂiWﬂJHWQ inhibition zone #1®

dﬂl == dy = 4 . 1 an A 9
IBOUUANITILNTNUINUASLEDITA C. albicans mﬂm1mﬂgmuzﬂﬂummaﬁau

= . g e tﬂy Ay v @ 3‘ dy dy =~ ~ o
M1319N 4 YUA inhibition zone ﬂl@ﬂl‘]ff)‘lflvlﬂmﬂﬂﬁ‘l/lﬂﬁfJ‘Uﬂ‘]JlnmfNL%ﬂiﬂﬂmiﬂﬂiﬂﬂlﬂﬂﬂﬂﬂfﬂ

URFIvznsg v
a1Inaaoy YUIA inhibition zone (mm)
SA MRSA EC PA CA CN MG"
ﬁyuﬁymm%a 7.4-24.8 7.1-25.5 8.2-14.8 7.7-9.2 10.1-21.4 | 8.7-12.1 +
Vancomycin 17.5 15.0
Gentamicin 20.3 20.8
Ampbhotericin B 14.5 15.2
Miconazole +

a o Ay W
+UNTEIU
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Y Y v Y Y
[ a o

Qo’ o 0’ 4 y 1 o
NARAMINATOUYNT IUMsdudaunsdvenitaeades wun  Turdsu¥evessmea 5

Q

a

Aa = [ 3 dy S d IS dy [ 1 9 U dy ~
loTman Alignslumsdudusogaunidnelsalaa iosiaena1 laun 1¥es1 MN B4 1oz MN B3 9
Y 1 a A dy A Y ' = g}
wen lanna s w@ie) Ulva reticulata 1¥951 MC K1 wag MC F2 fuenlaninamsiediaia

9 [ Y 9 9 4
Sargassum sp. Waz 1931 MC J8 fuenldnnuaunsia hideu¥esmzia MN B3 aunsaduda
A a ae Aq v & v Y Y P
WegaunsdunsuuInuazunsuaui g lumsnadouiina 1 saz ldmumnaduiugudnais
. IO P & a o P Y 2 [ an ' < g} < & 9
inhibition zone ABI¥OYAUNTILNTNLIN 1A InAResn Ve TIuz 01w lsiamiiudeause MN B3 14

a

' Y s o & o v ' an Hq v
ﬂ?ﬂluTﬂ!ﬁuWTuﬁuﬂﬂﬁ?ﬂ inhibition zone @]@L%f’]ﬁ]au‘ﬂﬁﬂl!ﬂﬁ\la’]_lu@ﬂﬂ??ﬂTﬂg%?ugﬂ‘l%iuﬂ"ﬁ

Q
4

Y Y
NAAOY 1493 IMZI MN B4 taz MC K1 au1508U§U¥0 S, aureus, MRSA 1ag C. albicans 1§ 1ag
g 1 ] 4 1 4 Qs: a 1
1Wo5meia MN B4ldmuunadurugudnaiaues inhibition zone ApIFONI 3 Fila MINAVIIAEY
' s A Ay v v an a4 Y Y
Augudnarveudon laninmsnadeudieenlfFiug  Tuvmziiye MC K1 Idamvinadusiu
J . I 1 dil :’) a Y A Y aa Aq Y g/ dy
AUINA9VDA inhibition zone AOIFONI 3 ¥ila TndiRssnvenl§Fvehldlumsnagon iudsasmea
F Y v Y
MC F2 aunsadudugeraunidld 3 wila u@eadu fe awnsoduduio S. aurues, MRSA 1ag E.
Y 1 S A dy a ~ 1 qul A Y 1 -4 . .
coli 18 0819 15Tile0F0aUNT S aureus INTUNAMVLIAFURIUAUINAYOY inhibition zone VDY
31 dy dil Y @ ad A . Y 1 Y ] 4 . IR
Wideurelndifeaduen)§iue Tuvazih MRSA e E. coli 19 mvunaduriugudnany inhibition
ag ~ 9 1 g’ dy dy =3 Y dy
zone Yo FIuzas g 1IFlumsnadoumnniniudsudos MC F2 dauliiudesmeia MC I8
v o a A a A A Aq Y ' ' g 2 2
wivduioureyauniounsuuin 2 sdanldlumsnaden  uanud wennmitdsuiosmzia

@ 1 ' ] J . o & a
aanavz Idmvinaduriugudnais inhibition zone BN S. awreus 19 INARBINUINIYTIUZUED

@ ' 1 J ' an A
dalimuuadurugudna inhibition zone ¥99 MRSA 11nne1l FugnlFTunmsnadon
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d' g/ dy d’d Q! [ 09/’ a a = Y
AN 5 Lﬂlﬁﬂ\iﬁ”I‘VI$Lﬁ‘VIﬂJi]TI‘ﬁGlUﬂﬁfJ‘]JENﬂ"IiLﬁ]ifgslli’)\ii}ﬁuﬂifﬂﬂﬂ

Inhibition Zone (mm)

Antibiotics
Tested Broth
(pg/ml)
microorganisms MN MN MC MC MC Antibiotics
B4 B3 K1 F2 I8
S. aureus 24.8 17.8 16.1 17.0 18.7 17.5 Vancomycin
MRSA 25.5 13.5 15.6 8.6 21.4 15.0 (30)
P. aeruginosa 8.8 20.8 Gentamicin
E. coli 14.8 8.9 20.3 (10)
C. albicans 21.4 16.7 14.5 Amphotericin B
C. neoformans 15.2 (10)
M. gypseum + Miconazole nitrate
Source of active | Ulva reticulate Sargassum sp. Sea (30)
fungi wasp
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d [
ﬂ"lﬁ‘ﬂﬂﬁi’)‘uq‘ﬂ% 1uﬂqauﬂgﬂﬂlﬁﬁﬁ1§ﬁﬂﬂﬁﬂ1ﬁ

£y v
Y
ﬂ?iﬂﬂﬁﬂﬂﬂﬂ 71@ Ll‘i/l zﬁmmum @Uﬂ’)?lll"lliléllu200 g/mL
Yy v

Yy v
ﬂ']ﬂﬂ'liﬁ']ﬁ']lﬁENﬁTV]glﬁllﬁglﬁuqﬂﬁwqﬂﬁﬁﬂﬂjﬂqfﬁﬂqﬁlﬂﬁ %gulﬁﬁﬁliﬁﬁ/ﬂﬁﬂﬁu NUIN 315
@ [ @ :’ 4 { Y]
GRFGLG] IﬂEJ!lfJﬂ!ﬂJufﬁ3ﬁﬂﬂﬁﬂ']ﬂﬁ]ﬁlﬂuuaﬂ\u%aﬁljﬂ EtOAc (BE) ﬁ“]ﬁﬁﬂﬂﬁﬂ']ﬂfi]']ﬂlﬁ}uslﬂﬁjﬂ hexane
(CH) Lm3ﬁ1§ﬁﬁﬂﬁ81ﬂ%1ﬂﬁ1ﬂﬂﬁ’;ﬂ EtOAc (CE) UIUTHADE 105 asana

4 o v [ 1 =% [ :/I a 4 v o
Lﬁi’)lﬂf‘ﬁiﬁﬂﬂﬂEﬂ‘]_lﬂQﬂa”I’J]l‘IJTIﬂﬁfJTJi]VITJGluﬂ"IifJ‘]JENi]ﬁucﬂ?fJ WM Fasanarey 257 €13

Q

a 9

(81.6%) ‘VIlIi]‘Vl‘ﬁol‘L!ﬂTiEJllEN%?;‘IU‘VI38%1%1Uﬂ15ﬂﬂﬁ6ﬂ1ﬂ681\1u’08 1 ¥ila Iﬂﬂuﬂﬂlﬂuﬁﬁﬁﬂﬂ‘ﬁm‘u

a

CE 1nfiqasuan 102 asafia sesaun fie ssadaneny BE uas CE Ssansafaniigndlums

Y '
SUTI8IUIU 79 1ag 76 @13 MR (A15197 6)

v
A A v o 9

Lll’E]Wﬁ]"liilﬂﬂ\ﬁﬂﬂ?lﬁfuﬂellﬁ]\ﬁ]ﬂu%iﬂ%ﬂﬂﬂu&ﬂﬂﬁﬂﬁﬁﬁﬂﬂﬂfﬂﬂ WU MIANAKENY

U
a = Y

aunsadudnaun3dld 1-s ¥ia Tﬂﬂé‘fuﬁﬁgaumsﬂﬂ 2 %ummmaﬂ 109U 81 A13ANA T09AINIAD

a
v 9

Y
fuiaaunsdla 1, 3 uay 4 ¥ila Tﬂﬂﬁmiﬁﬁ’ﬂmqmﬂumiﬂummmu 71, 60 wag 37 FUA

o w = [ A [ 3 a a S ) YR a A
Aa[NY Lmzuﬁﬁﬁﬂﬂ‘l’iﬂ"l']_mﬁﬂﬂiﬂfJ']JfNﬂ”IiLi]iﬂJ"U@Qﬁ;auV]ilelﬂﬂQ 5 FUA (115190 6)

1 H 4
M350 6 SITAveIgaUN3 INgnddidieasaiaNIMzIa

' 5 TUIUFUAVDIYAUNT gﬂ”ﬂé’fﬁaﬂmiﬁﬁﬂ (%)
aauana - ~ — - ~
1 ¥ia 2 ¥ia 3 WilA 4 ¥ia 5 %A 57U
BE 20 (19.0) 23 (21.9) 20 (19.0) 11(10.4) 54.7) 79 (75.2)
CH 21(20.0) 25(23.8) 17 (16.1) 12(11.4) 1(0.9) 76 (72.4)
CE 30 (28.5) 33 (31.4) 23 (21.9) 14 (13.3) 2(1.9) 102 (97.0)
33U 71 (22.5) 81 (25.7) 60 (19.0) 37(11.7) 8(2.5) 257 (81.6)

1 1 9 Y
eiasanieriavesgaunidigniudediemsaia nuh asanasunsadudinminigues

~ Yo A v oA JAq Y o a Y9 YA o A v o
dad laanga tazdudoadnldlumineaeuns 2 wia 181ndiResdu Taelasanasiuiu 130

Q

o { 1Y QEJI a 4 4 9

(42%) 1ag 144 (45.7%) €158nA ﬁmmmﬂummmimﬂjmg%aﬁﬁ@ C. albicans 1a¥ C. neoformans &

o @ [ [ :ll a a L4 9 [ 09.1’ 4 a 4

auAAY fcm'aﬂﬂmmmtmENmmitymmqaum“i‘auﬂmmﬂ"lﬂﬁsamm uazﬂuw%m}aum‘%ﬂ
09: =) Y Y A U 1 = U = U o

UASHVINIG 2 sia lalndiReaiugu@eddy Tasliansanadiuiy 100 (31.7%) tag 108 (34.3%) @13

a

@ { @ 09/’ J Y o w Y
ane ﬁmm‘mﬂnﬂﬁi;auﬁﬂuﬂmuaﬂ S. aureus 118 MRSA llﬂ@’llla’lﬂll ATANANYIVUINTINGLA

A
amsndudimsnsyvessmazuuaiiGounsuay ldtios Taeliasanaveruiies 42 (13.3%) uaz 51

[ Y 2
(16.2%) asana Nau30duduses M. gypseum LazlUANSOUNTNAY P. aeruginosa 1§ MmUY
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Y v 9 Y
uazliansanane1unnFosmeiaiiiog 8 (2.5%) a15 NAWITDGUTINMINTYUOUTD E. coli 18 (1519

n7)

A o o Aa =% [ 09}/ a A d
A1T19N 7 mlﬁmfﬁiﬁﬂﬂﬂlli]‘ﬂ‘ﬁcluﬂﬁﬂﬂﬂﬂﬂau%iﬂﬂﬂiiﬂ

FiAVDY i‘i1mumiaﬁ’ﬂﬁﬁqwﬁuﬂﬁé’fugﬁﬁuw?&Ta (%)

aaeng SA MRSA EC PA CA CN MG
BE 25(23.8) | 3937.1) | 3(29) | 23(21.9) | 38(36.2) | 51(48.6) | 15(14.3)
CH 34(324) | 31(29.5) | 1(0.9) 9(8.6) | 41(39.0) | 45(42.9) | 13(12.4)
CE 41(39.0) | 38(36.2) | 4(3.8) | 19(18.1) | 51(48.6) | 48(458) | 14(13.3)
3 100 (31.7) | 108 (343) | 8(25) | 51(162) | 130(42.3) | 144 (45.7) | 42(13.3)

SA = Staphylococus aureus ATCC25923, MRSA = methicillin-resistant Staphylococcus aureus SK1,

EC = Escherichia coli ATCC25922, PA = Pseudomonas aeruginosa ATCC27853, CA = Candida albican

ATCC90028, CN = Cryptococcus neoformans ATCC90112, MG = Microsporum gypseum

mMInaaeUnIA1 MIC ag MBC %30 MFC
A o v Aa Q‘{BJ dy Aa A d dy Y A o Yy 9 !
o sananNgnsAUFAUNITAUDIAUNTEAVANVIVLUY 200 pg/mL W INAADVHIA
v 9 g do o & yy A v v g d0 &y A
anudududgavosmsidugudela (MIC) wioanudududrigavesdisnaindeld (MBC wio
v 4 Y 4
MFC) mamsnadoy wun asanainldlumsnageunwualital MIC AeiregaunsdunsuuIni

9 9 [ 1
A0IWilA 1¥0 E coli wazi¥031 M. gypseum ofluseiigenizal MIC #ldninmsnagouive
ag [ Y v dy 1 ~
UFue Tasasanalia MIC Av1%® S. aureus 1183 MRSA 1144 2-200 tiag 8-200 ng/mL Tuvazh
Y 4 9
11T Uz Vancomycin 1HA1 MIC aor¥onadeod 1iU 1 pg/mL asanalial MIC avie E. coli 1oz
] z:! 1 U d‘ 9 ad .. d' Y
M. gypseum Tue29 128-200 tag 32-200 pg/mL FIGINIIAT MIC w”lmnﬂmﬂ;]muz gentamicin Nlvian
4 v 4
MIC 0 1¥0 E. coli ttaz 811§371g miconazole nitrate N1%A1 MIC A0L0 M. gypseum MIND 0.5 1Az 1
pg/mL AUAIAL

9 9
HAMINATOUYIAT MIC UBSENTEANAADIYD P. aeruginosa WU a1sanaliial MIC aeolie

F2

a A ' ' A = = o ' Ay v o am ..
FilatioglusIe 2-200 pg/mL WenlFeuieunua MIC 71 ldanmsnageunueFIue gentamicin
d‘d 1 1w 1 = [ d' Y 1 dy a dy; 1 as
WA MIC 191U 4 pg/mL WUN TAsafaued1snlva MIC asisesilatidinenl e

o [ 1 Y] [ g d':/l a 3 1 ] 4
FNTUNANMINATDUNIAT MIC VeI ANAABIFDIAAN 2 FhA 1Y WU asanannaaoy

Y 1 dy =S 4 1 1 =\ @ = 1 1

14iA MIC @o1%08aa C. albicans 110% C. neoformans 94 1UFINABINY A0 BYIUFII 0.25-200 pg/mL

£ A o (= ~ @ 1 J AN Y @ an A = 1
Fuiio lnFeuieudvm a1 MIC flannmsnadeunue§iing amphotericin B A1 MIC @o
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dy u’j [ Y 9 1 = v d' Y 1 dy a dyo' U as
IFOMNEDY INNY 2 pg/mL HaY WUN Nasanaueasnlvm MIC mwwuﬂummwmﬂmmz

(113199 8)

a

A 1 Y] A =% 9 dy S J
A15719N 8 A1 MIC Gllﬂﬂﬁ"l’i’ﬁﬂﬂ‘lfi81Uﬂﬂﬂﬂﬁ1ﬂﬂ1i@]1ul%ﬂﬂauﬂifJ

MIC range (ug/mL)
Tested Microorganisms Antibioics
Crude extracts Antibiotics
S. aureus 2-200 1 Vancomycin
MRSA 8-200 1
P. aeruginosa 2-200 4 Gentamicin
E. coli 128-200 0.5
C. albicans 0.25-200 2 Ampbhotericin B
C. neoformans 0.25-200 2
M. gypseum 32-200 1 Miconazole nitrate

NAHAMSNAAELMIA MIC Aarseuuafifeunsunnn wui mﬁﬁﬁﬂﬁﬁqm%ﬁumiﬁugu%a
S. aureus |8ATaA fio MC X1 CE TaofiA1 MIC i1y 2 pg/mL luvmiziienseia MC K1 CE nag MN
B4 BE §ufaudo MRSA "ls?fﬁﬁqﬂ TagiA1 MIC 110U 8 pg/mL @IUNAMITNATOUTDUKIAT MIC A0
onuafGounsuauiiu wut Sasasasuay 6 asata fe MC K1 CE, MC K2 BE, MC K2 CE,
MC Ol BE, MC Ol CE tiag MC P1 CE ﬁﬁqm?ﬁ’ué‘?@ P. aeruginosa \A@iga Tasfim MIC iy 2

pg/mL luvaghliasanaiios 1 @15 Ao MP G1 CE Ign5duds £ coli ldanga Iaslian1 MIC i1y

k4 Y
v A

128 pg/mL Lﬁlﬂﬁmim1ﬁﬁi}ﬂ§ﬂl@ﬁﬂﬁﬁﬁﬂﬂﬂ1ﬂ1uﬂ15§uml%@%ﬁﬁ WU @rsanare1 MC B2 BE
WAz MP G4 CE §U81 C. albicans ”l@gfﬁﬁqﬂ WazesARANI MC E3 CE 11ag MP Gl CH §uda ¢
neoformans \@aiiga Tagensafans 4 mslii MIC deidedad whdy Ao R 025 pg/mL
HeNMINTTINUT Tansafaf Iy 4 M5 Ao MC B2 CE, MC 13 BE, MC I3 CH 118 MC K2 BE 1%

% > g dd’ =Wl 1 v d'
N3 IluUMsduduses M. gypseum 1danga Taolin1 MIC (MU 32 pg/mL (15199 9)
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~ o A N [ 3 a A da A
AT WN 9 ﬁWiﬁﬂﬂﬁﬂWUﬂMﬂﬂﬁ1Hﬂ1iﬂﬂﬂﬁﬂﬁu“ﬂiEJﬂ“I/lfIﬂ

@ Aa = % 3 a A da A
i’ﬂiﬁﬂﬂﬁEJT}J‘mJi]‘VI‘ﬁGluﬂﬁEJ‘UEN@@‘L!‘VI??J@‘VI’s’ﬁ]

Tested Microorganisms
Crude extract MIC (pg/mL)
S. aureus MC X1 CE 2
MRSA MC K1 CE, MN B4 BE 8
P. aeruginosa MC K1 CE, MC K2 BE, MC K2 CE, MC O1 BE, MC Ol 2
CE,MCP1CE
E. coli MP G1 CE 128
C. albicans MC B2 BE, MP G4 CE 0.25
C. neoformans MC E3 CE, MP G1 CH 0.25
M. gypseum MC B2 CE, MC I3 BE, MC 13 CH, MC K2 BE 32

A1 MIC ¥3a81380A 31149 8 @135 Av MC D1 CH, MC I3 BE, MC K2 BE, MC N1 BE, MC P1

a

CE, MC X1 CE, MN B4 BE ttaz MP I1 BE 1lign3 lumsudanaunsd s ¥tia uaaafannsian 10

Q

{ 1 [ { =% [ qs/l a 4 a
M13°199 10 A1 MIC voIasafianlgns lumsdudagaunsd 5 sila

MIC (pg/mL)
Tested
MCD1 MCI3 | MCK2 | MCN1 | MCPI | MCX1 | MNB4 | MPI1

microorganisms

CH BE BE BE CE CE BE BE
S. aureus 200 200 8 128 200
MRSA 200 128 32 128 200 200 128 200
P. aeruginosa 200 200 2 0.25 200 8
E. coli 200
C. albicans 128 64 200 200 200 200 200
C. neoformans 32 200 128 32 200 128 128
M. gypseum 32 32 64 200 200 200
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4 Y '
MnWamMInageUgnivesdIsanalumsauregaunioiiy wun Nasanadies 5 a5 Nl

Y
a

=% 1 4 4 v W v 1 1 { o [
g0 lumsaiuFogaunsd Taemsanaainainlvia MIC waz MBC apiyeniimsnadou dadasly

~
MMITNN 11

'
A A

v Y
A15197 11 A1 MIC 1iag MBC EL) MFC ﬂlﬂﬂﬁﬁﬁﬁﬂﬁﬂl%ﬂﬂauﬂifJ‘V]‘VIﬂfTi’JTJ

Isolates Type of crude extract Tested microorganism MIC/MBC (ug/mL)
MCIJ3 CH C. albicans 64/128
MCK4 BE C. neoformans 2/32

CH C. neoformans 16/128
MCW1 CE S. aureus 128/128
MPD3 BE S. aereus 128/128

% d'] d‘ )
a15anafl 'HNMR profile Niaule
1 91; A~ 1 A Y o
MANMINAaeInyN IaFesmeani 'H-NMR profile Mirauly wagldasananety scale
1A ~ | Y o o < o A ;
Trjt/Sinaunn wazdl 'H-NMR profile Indifganuasanaain scale 1on $112u 1 loTaan Ao 13051
MCK4
dy I dy A y ' = 09; @ @ o
15931 MCK4 iiludosiiinen Idanamsediieia Sargassum sp. 910931 Iaguns 9nmsii
dy o U o a dy o =) =~ %
Wwosmanan lUswunsiaveouresilagin ITSI-5.8S-ITS2 rDNA sequences lifoufieury
A Y
sequence 1 GeneBank W11 Wosidenaniianulndifesnui®es1lu GeneBank ¥ila Talaromyces
A Y
trachyspermus 99.6% 1%951 MCK4 3 GenBank accession number 79 JN107803 ﬂlmzﬁﬁﬁ’ﬁﬂ%}ﬂy‘a
BCC code

9 o 9 1 @ y o ]
FMIVVDYAN MIC tlag MBC ﬂjﬂﬂﬁ15ﬁﬂﬂ1ﬂ81ﬂiﬂﬂ!“§® MCK4 LLﬁﬂQNﬁﬂ\?ﬁ'ﬁNﬁ 12
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v Y
A15197 12 A1 MIC 1iag MBC VOIFTEANANETLNIYD MCK4

Tested MIC/MBC (pg/mL) Antibiotics
microorganisms BE CH CE Antibitics
S. aureus 200 1 Vancomycin
MRSA 200 200 200 1
P. aeruginosa 200 200 4 Gentamicin
E. coli 0.5
C. albicans 200 128 200 2 Amphotericin B
C. neoformans 2/32 16/128 8 2
M. gypseum 1 Miconazole nitrate
aqUuazIorsaina

E4 k4
o a

S A d' L:' AAa 9 d'd Q( [
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NB §U89m31030090951 F. oxysporum laangailudosdeuusn winadurgudnaiasla

15 1482 10 mm) (Table 2)

Table 1. Antimicrobial activity (inhibition zone > 7 mm) of zingiberaceous endophytic fungi

cultured in different media (F1-F5) against wilt pathogens.

Wilt pathogen No. of active extract/ Inhibition zone No. of hazy active

No. of extract tested (mm) extract

Ralstonia solanacearum BS322

Fl1 48/108 8.0-15 20
F2 23/108 8.0-13 10
F3 35/108 8.0-13 12
F4 36/108 8.0-15 15
F5 44/108 8.0-15 21

R. solanacearum TNCC128

Fl1 21/47 7.0-12 0
F2 32/47 7.5-15 3
F3 31/47 7.5-14 1
F4 30/47 7.5-16 1
F5 43/47 7.5-16 3

R. solanacearum TNCC1512

F1 18/47 7.0-10 2
F2 24/47 7.0-13 1
F3 27/47 7.0-14 2
F4 27/47 7.0-13 3
F5 39/47 7.0-13 0

Fusarium oxysporum BS268

Fl1 3/133 7.0-10 0
F2 0/133 0 0
F3 1/133 7 0
F4 3/133 7.0-7.5 0
F5 7/133 7.0-8 0
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Table 2. Antimicrobial activity (inhibition zone > 7 mm) of zingiberaceous endophytic bacteria

cultured in different media against wilt pathogens.

Ralstonia solanacearum BS322 Fusarium oxysporum BS268

Endophytic bacteria
NB F2:GPYM F3:GYC NB F2:GPYM F3:GYC

ZB1 - - - - - -
7B2 - - - - - -
7B3 - - - - - -
7B4 - - - - - -
7B5 - - - - - -
7B6 - - - - - -
7B7 - - - 10 - -
7B8 - - - - - -
7B9 - - - - - 15
ZB13 - - - - - -
ZB14 - - - - - -

- =no activity
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PDB190 @319 halo zone M1AAN 5,8 U@y 5 mm @NA1AY (Figure 1) 9819 15 Aa
diodenuiale Taan lunsrnaeunyiladduveslanes Tsves Tasmsiaoadeluensiiad
MGs-1 TS e finnnise liaeandesfumsfansosue s (Table 4) LU
PDBI136 @219 halo zone 4NN 2 mm luvazdi PDBI41 @214 halo zone 108 2 mm
udionsnnaon Tasmaacusoluemiama)  MGs1  wudntenaaesadilaasonamm

I T3vlos 3.33 1oz 150.71 pg/ml Mud1e

Figure 1. Halo zone on CAS agar, a. PDB37, b. PDBS§2, c. PDB190.

Table 3. Qualitative siderophore production by zingiberaceous endophtic fungi

Siderophore

Halo diameter on CAS agar’ No. of isolate
+++ 3

++ 10

+ 12

- 12

- =0 mm; + <2 mm; ++ = 2-5 mm; +++ > 5 mm

Table 4. Siderophore production by zingiberaceous endophtic fungi

Siderophore
Endophytic fungi N
. a
Halo diameter on CAS agar Hydroxamate (Llg/ml)
PDBI119 - 4.65+0.5
PDBI136 + 3.33£0.0
PDBI141 + 150.71 £ 1.1
PDBI51 + 33.13 £ 4.4

a-=0mm;+<2mm;-i—-|-=2—5mm

bAverage + standard error from three replicates
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Table 5. Selected zingiberaceous endophytes having anti-wilt pathogens activity for small- and

large-scale culture.

Endophytes Sample code of extract Small scale Large scale
Bacteria

ZBI1 ZBINB, ZB1F2, ZB1F3 /

ZB7 ZBTNB /

ZB9 ZBYF3 /

Fungi

PDB7 7F3 / /
PDB21 21F1 / /
PDB25 25F1, 25F5 /

PDB28 (Fusarium sp.) 28F1 /

PDB37 37F5 /

PDBS2 82F5 /

PDB141 (Fusarium sp.) 141F4 / /

PDBI154 (Fusarium sp.)
PDBI161 (Xylaria sp.)
PDBI163 (Xylaria sp.)
PDB166 (Xylaria sp.)
PDBI167 (Xylaria sp.)
PDB168 (Phomopsis sp.)
PDB169 (Phomopsis sp.)
PDB178

PDBI181

PDB197 (Pestalotiopsis sp.)

154F3, 154F5
161F3
163F5
166F4
167F1, 167F5
168F5
169F4, 169F5
178F2, 178F4
181F2
197F2
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one cyclopentanone (6),

Three dimeric y-lactones (1-3), one dihydronaphthalene-2,6-dione (4), one hexahydroindenofuran (5),
and one lasiodiplodin (7) were isolated from the endophytic fungi
Botryosphaeria rhodina PSU-M35 and PSU-M114 along with twelve known metabolites. The structures
and the proposed stereochemistry of the new metabolites were established by spectral data analysis. The

isolated compounds were submitted for evaluation of the antibacterial activity against Staphylococcus

Keywords:
Botryosphaeria rhodina
Dimeric y-lactone
Hexahydroindenofuran
Antibacterial activity

aureus, both standard and methicillin-resistant strains.

© 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Various types of compounds were isolated from the genus
Botryosphaeria. Some of them showed interesting biological
activities such as antibacterial primin,! antiseptic mellein,? phyto-
toxic 4-hydroxymellein,> and antimicrobial lasiodiplodin.? In our
ongoing search on bioactive metabolites from endophytic fungi, the
broth extracts of two endophytic fungi, B. rhodina PSU-M35 and
PSU-M114, displayed antibacterial activity against Staphylococcus
aureus, both standard ATCC 25922 (SA) and methicillin-resistant
(MRSA) strains. We describe herein the isolation of three new di-
meric y-lactones (1-3), one new dihydronaphthalene-2,6-dione (4),
one new hexahydroindenofuran (5) together with two known
compounds, dihydro-4-(hydroxymethyl)-3,5-dimethyl-2(3H)-fur-
anone (8)° and (3S,4S)-(-)-4-acetyl-3-methyl-2(3H)-dihydrofur-
anone (9)° from B. rhodina PSU-M35. In addition, one new carboxylic
acid derivative (6) and one new lasiodiplodin derivative (7) as well as
ten known ones, (35)-lasiodiplodin (10),” (5R)-hydroxylasiodiplodin
(11),%  (5S)-hydroxylasiodiplodin (12) (R)-(-)-mellein (13)°
cis-(3R 4R)~(-)-4-hydroxymellein (14),'° trans-(3R4S)-(-)-4-hydroxy-
mellein (15),'° (R)-(-)-5-hydroxymellein (16),!' (R)-(-)-2-octeno-¢é-
lactone (17),'? tetrahydro-4-hydroxy-6-propylpyran-2-one (18),1

* Corresponding author. Tel.: +66 74 288 435; fax: +66 74 212 918.
E-mail address: vatcharin.r@psu.ac.th (V. Rukachaisirikul).

0040-4020/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tet.2009.10.084

and 6-methylsalicylic acid (19)* were obtained from B. rhodina
PSU-M114. Their antibacterial activity against SA and MRSA

strains was examined.

2. Results and discussion

The endophytic fungi PSU-M35 and PSU-M114 were isolated
from the leaves of Garcinia mangostana. As neither conidia nor
spores were observed, these fungi were identified based on the
analyses of the nuclear ribosomal internal transcribed spacer (ITS)
regions. The ITS sequences of PSU-M35 (EF564146) and PSU-M114
(EF564147) are well placed in the B. rhodina subclade comprising
nine sequences of B. rhodina. (DQ008312, DQ008311, DQ008310,
DQO008309, DQ008308, DQ307677, AY568635, AY9412180 and
AY745998) with 89% statistical support and sequence similarity
between 99.2 and 100.0%. Moreover, sequence similarity between
PSU-M35 and PSU-M114 was 98.7%. These fungi were then iden-
tified as B. rhodina.

The crude EtOAc extract from the culture broth of the fungus
PSU-M35 was subjected to various chromatographic techniques,
leading to the isolation of five new (1-5) and two known (8-9)
compounds. All metabolites except for compound 4 were y-lactone
derivatives. One new compound (6) along with ten known ones
(10-19) were obtained from the broth extract of the fungus PSU-
M114. In addition, investigation of the mycelial extract afforded one
new metabolite (7). Compounds 11 and 12 were isolated as their
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acetate derivative. Their structures were elucidated by analysis of
spectroscopic data, including IR, UV, NMR and MS. The relative
configuration was assigned according to NOEDIFF results. In addi-
tion, the absolute configuration of compounds 1-3 and 8 was
proposed on the basis of the known absolute configuration of 9. It is
worth to note that compounds 1-3 were not artifacts formed from
the monomers 8 and 9 as their anomeric protons (H-10) were
present in the 'H NMR spectrum of the fraction obtained from the
first chromatographic separation of the crude extract.

Botryosphaerilactone A (1) was obtained as a colorless gum with
[¢]3’ —1.2 (c 0.77, MeOH). The UV spectrum showed a maximum
absorption band at Apax 286 nm. Its IR spectrum exhibited ab-
sorption bands at 3438 and 1770 cm™~! for hydroxyl and y-lactone
carbonyl groups, respectively. The HREIMS showed the molecular
formula C14H2405, corresponding to three degrees of unsaturation.
The 'H NMR spectral data (Table 1) consisted of signals for the
v-lactone identical to those of 8, three methine protons [0y 4.31 (dq,
J=9.0 and 6.5 Hz, 1H), 2.54 (dq, J=11.5 and 7.2 Hz, 1H) and 1.92 (m,
1H)], two nonequivalent oxymethylene protons [éy 3.85 (dd, J=10.2
and 4.2 Hz, 1H) and 3.41 (dd, J=10.2 and 5.4 Hz, 1H)] and two
methyl groups [0y 1.43 (d, J=6.5 Hz, 3H) and 1.27 (d, J=7.2 Hz, 3H)].
The 'H-'H COSY and HMBC data as well as the *C NMR data
supported the presence of this moiety.
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rings would be the same as that of 8. Consequently, the absolute
configuration in 1 was proposed to be 3S, 4R, 5R, 10S, 12R, 13R and
14S on the basis of known absolute configuration of its comet-
abolite 8. Consequently, botryosphaerilactone A had the structure 1
(Fig. 1).

Botryosphaerilactone B (2) was obtained as a colorless gum with
[a]8® +4.5 (c 0.57, MeOH). The UV and IR spectra were similar to
those of 1. The HREIMS showed the molecular formula C14H3,0s5,
indicating that 2 contained one degree of unsaturation more than 1.
The 'H NMR spectral data (Table 1) were similar to those of 1 except
for proton signals of the lactol ring. The hydroxymethylene protons
[0y 3.71 (dd, J=10.0 and 5.0 Hz, 1H) and 3.68 (dd, J=10.0 and 5.0 Hz,
1H)] in 1 were replaced, in 2, by the methyl protons of an acetyl
group (0y 2.19, s, 3H). The attachment of the acetyl group at C-13 (6¢
58.5) of the lactol unit was supported by a HMBC correlation of Hs-
17 with C-13. In addition, the oxymethine proton (dy 3.98) and the
coupled methyl protons (éy 1.35) in 1 were substituted by two
nonequivalent oxymethylene protons [0y 4.20 (dd, J=9.0 and
7.0 Hz, 1H) and 4.06 (t, J=9.0 Hz, 1H)] in 2. These results established
the lactol with the acetyl and methyl groups at C-13 and C-14,
respectively. Irradiation of H-14 (éy 2.52, m, 1H) in the NOEDIFF
experiment enhanced signal intensity of H3-15 (dy 1.18) and H3-17
(0 2.19), but not H-10, indicating trans-relationship between H-10

Table 1
NMR data for botryosphaerilactones A (1), B (2) and C (3)
Position 1 2 3 HMBC
oy, mult, J in Hz Oc, mult. oy, mult, J in Hz Oc, mult. 0y, mult, J in Hz dc, mult.
2 178.7, qC 178.6, qC 178.8, qC
3 2.54,dq, 11.5,7.2 38.3, CH 2.52, m 38.1,CH 2.58,dq, 11.5, 7.0 38.2,CH C-2,C-4,C-7,C8
4 1.92, m 514, CH 1.86, m 51.4, CH 193, m 51.6, CH C-3, C-5, C-6, C-7,C-8
5 4.31, dq, 9.0, 6.5 77.5, CH 4.26, dq, 9.5, 6.0 77.3, CH 4.33,dq, 9.0, 6.0 77.6, CH C-8
6 1.43,d, 6.5 20.0, CH3 1.41,d, 6.0 19.9, CH3 1.45,d, 6.0 20.0, CH3 C-4,C-5
7 1.27,d,7.2 14.2, CH3 1.24,d,7.0 14.1, CH3 1.27,d,7.0 14.0, CH3 C-2,C-3,C4
8 a: 3.85,dd, 10.2, 4.2 65.4, CH, a: 3.78,dd, 10.0, 4.5 64.9, CH, a: 3.86, dd, 10.0, 5.5 64.5, CH, C-3, C-4, C-5, C-10
b: 3.41, dd, 10.2, 5.4 b: 3.36, dd, 10.0, 5.5 b: 3.40, dd, 10.0, 4.0
10 4.68,d, 1.5 109.9, CH 4.69,d, 2.0 109.5, CH 479,d, 4.5 105.0, CH C-8, C-12,C-13,C-14
12 3.98, dq, 7.5, 6.0 77.5, CH a: 4.20, dd, 9.0, 7.0 67.0, CH, 4.06, dq, 8.5, 6.5 79.4, CH C-10, C-13, C-16
b: 4.06, t, 9.0
13 1.54, m 55.7, CH 2.70, m 58.5, CH 1.74, m 52.9, CH C-10, C-15, C-16, C-17
14 2.03, m 43.9, CH 2.52, m 43.3, CH 2.08, m 41.5, CH C-10, C-15, C-16
15 1.14,d,7.2 18.5, CH3 1.18,d, 7.0 18.0, CH3 1.03,d, 7.0 12.0, CH3 C-10, C-13, C-14
16 a: 3.71,dd, 10.0, 5.0 63.5, CH, 205.5, qC a: 3.80, dd, 10.0, 4.5 62.6, CH, C-12,C-13,C-14
b: 3.68, dd, 10.0, 5.0 b: 3.66, dd, 10.0, 6.0
17 1.35,d, 6.0 20.9, CHs3 2.19,s 29.0, CH3 1.32,d, 6.5 23.2,CHs3 C-12,C-13

The remaining proton signals belonged to a y-lactol derivative of
8. The following 'H-'H COSY and HMBC correlations were in
agreement with this conclusion. In the 'H-'H COSY spectrum, the
anomeric proton, H-10 (dy 4.68), was coupled with H-14 (oy 2.03),
which was further coupled with H-13 (dy 1.54) and Hs-15 (dy 1.14).
The same correlations of H-13/H-12 (dy 3.98), H-14 and H,-16 (dy
3.71 and 3.68) and H-12/H3-17 (04 1.35) were also observed. A 3]
HMBC correlation of H-10 with C-12 (6¢ 77.5) together with the
chemical shift of C-10 (6¢c 109.9) established the lactol unit having
the methyl groups at C-12 and C-14 and the hydroxymethyl group
at C-13. The ether linkage between C-8 (d¢ 65.4) of the lactone unit
with C-10 of the lactol ring was established according to a HMBC
correlation of Hy-8 with C-10 as well as that of H-10 with C-8.

The relative configuration of the lactone ring was identical to
that of 8 on the basis of signal enhancement of H3-6 and H3-7 upon
irradiation of H-4 in the NOEDIFF experiment. In addition, the lactol
unit displayed signal enhancement of H3-15 and Hs-17 after irra-
diation H-13. These NOEDIFF results were identical to those of the
lactone ring. Moreover, irradiation of H3-15 affected the signal in-
tensity of H-10, thus indicating their cis-orientation. As compounds
1 and 8 were co-metabolites, we proposed that 1 would be derived
in nature from two molecules of 8. The spatial arrangement of both

and H-14. These results indicated that the configuration of C-10, C-
13 and C-14 was identical to that of 1. Thus, botryosphaerilactone B
(2) was assigned as a new dimeric y-lactone, which would be de-
rived from the condensation of 8 and a lactol derivative of 9.
Botryosphaerilactone C (3) was obtained as a colorless gum with
[2]&® +5.2 (c 0.77, MeOH). The UV, IR, 'H (Table 1) and 3C NMR
(Table 1) spectra were almost identical to those of 1. Furthermore,
the HREIMS of 1 and 3 displayed the same molecular formula.
These results indicated that 3 might be an isomer of 1. Irradiation of
H-14 affected the signal intensity of H-10 (dy 4.79) and Hap-16 (0y
3.80 and 3.66), indicating their cis-relationship. Thus, botryos-
phaerilactone C (3) was assigned as a C-10 epimer of 1.
Botryosphaeridione (4) was obtained as a pale yellow gum with
[¢] —13.2 (c 0.68, MeOH). The UV spectrum showed maximum
absorption bands at Apax 242 and 289 nm. Its IR spectrum displayed
absorption bands at 3354 and 1673 cm~! for hydroxyl and conju-
gated carbonyl groups, respectively. The HREIMS showed the mo-
lecular formula C13H1,03, indicating that compound 4 consisted of
seven degrees of unsaturation. The 'H NMR spectral data (Table 2)
exhibited signals of cis-olefinic protons of an «,-unsaturated car-
bonyl unit (éy 7.22, d, J=10.2 Hz, 1H and 6.20, d, J=10.2 Hz, 1H), two
olefinic protons of trisubstituted double bonds (dy 6.64, s, 1H and
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Figure 1. Metabolites isolated from the endophytic fungi B. rhodina PSU-M35 and PSU-M114.

6.06, s, 1H), one hydroxy proton (¢y 6.41, s, 1H), one methine proton
(0y 2.64, q, J=7.2 Hz, 1H) and two methyl groups (dy 1.39, s, 3H and
0.91, d, J=7.2 Hz, 3H). The 13C NMR spectrum (Table 2) showed two
ketone carbonyl (6¢c 201.0 and 181.4), three quaternary (¢ 158.2,
148.2 and 45.7), five methine (dc 141.5, 129.7, 128.1, 123.7 and 53.4)
and two methyl (6c 29.4 and 15.6) carbons. In the 'H-'H COSY
spectrum, the methyl protons, H3-12 (éy 0.91), were correlated
with H-6 (dy 2.64) while one of the cis-olefinic protons of the a,f-
unsaturated carbonyl unit, H-8 (dy 6.20), gave a cross peak with the
other one, H-9 (dy 7.22). The HMBC correlations of both H-6 and H-
9 with C-5 (6¢ 45.7), C-7 (6c 201.0) and C-10 (¢ 158.2) as well as the
chemical shift of C-10 established a cyclohexenone unit with the
methyl group and an exocyclic double bond at C-6 (¢ 53.4) and
C-10, respectively. The location of the methyl group was confirmed
on the basis of the HMBC cross peaks of these methyl protons with
C-5, C-6 and C-7. The 3] HMBC correlations of the olefinic proton, H-
1 (6y 6.64), with C-5 and C-9 (¢ 141.5) further implied that the
exocyclic double bond was the trisubstituted one.

Table 2
NMR data for botryosphaeridione (4)

Position Oy, mult, J in Hz Oc, mult. HMBC correlation

1 6.64, s 128.1, CH C-3,C-5,C-9

2 1814, qC

3-OH 6.41, s 148.2, qC C-2,C-3,C-4

4 6.06, s 123.7, CH C-2, C-3, C-5, C-6, C-10, C-11
5 45.7, qC

6 2.64,q,7.2 534, CH C-5, C-7, C-10, C-11, C-12
7 201.0, qC

8 6.20, d, 10.2 129.7, CH C-6, C-9, C-10

9 7.22,d,10.2 141.5, CH C-1, C-5, C-7,C-10

10 158.2, qC

11 1.39,s 29.4, CH; C-3, C-4, C-5, C-6, C-10
12 091,d,7.2 15.6, CH3 C-5, C-6, C-7

The hydroxy proton, 3-OH (dy 6.41), showed HMBC cross peaks
with C-2 (6c 181.4), C-3 (6¢c 148.2) and C-4 (6¢c 123.7) while the
remaining olefinic proton, H-4 (éy 6.06), was correlated with C-2.
Thus, a 2-hydroxypropenonyl unit was constructed. The HMBC
correlations of H-4/C-6 and C-10 and that of H-1/C-3 established
a naphthalenedione skeleton by connecting C-1 and C-5 of above
cyclohexenone with C-2 and C-4 of the 2-hydroxypropenonyl unit,
respectively. The remaining methyl protons, Hs-11 (dy 1.39),
exhibited the HMBC correlations with C-4, C-5 and C-10 (6¢ 158.17),
connecting the methyl group at C-5. The relative configuration of
compound 4 was assigned by the NOEDIFF results. Irradiation of H-
6 enhanced signal intensity of H3-11, indicating their cis-relation-
ship. Therefore, botryosphaeridione (4) was assigned as a new
dihydronaphthalene-2,6-dione derivative.

Botryosphaerihydrofuran (5) was obtained as a colorless gum
with [a]f —23.8 (c 0.14, MeOH). The UV spectrum displayed
absorption bands at Apax 220 and 280 nm. The IR spectrum showed
an absorption band at 1664 cm™! for a double bond functional group.
The HREIMS displayed the molecular formula C14H1g0,, implying the
presence of six degrees of unsaturation. The 'H NMR data (Table 3)
consisted of signals of cis-olefinic protons [dy 6.89 (d, J=10.0 Hz, 1H)
and 5.90 (d, J=10.0 Hz, 1H)], one olefinic proton of a trisubstituted
double bond (dy 6.01, s, TH), two sets of nonequivalent methylene
protons [0y 4.15 (t, J=9.0 Hz, 1H) and 3.40 (t, J=9.0 Hz, 1H); 1.76 (d,
J=14.5Hz, 1H) and 1.49 (d, J=14.5 Hz, 1H)], two methine protons [dy
2.52 (m, 1H) and 2.31 (m, 1H)] and three methyl groups [0y 1.41 (s,
3H), 1.05 (d, J=7.0 Hz, 3H) and 0.99 (d, J=7.0 Hz, 3H)]. The '3C NMR
spectrum (Table 3) showed four quaternary (éc 139.3, 99.4, 77.0 and
38.8), five methine (0c 143.6, 131.7, 126.4, 53.6 and 43.4), two
methylene (6c 71.3 and 33.1) and three methyl (6c 27.8, 14.4 and 8.9)
carbons. The '"H-'H COSY spectrum showed cross peaks of H3-11 (éy
0.99)/H-5 (0y 2.31) and H-6 (6y 5.90)/H-5 and H-7 (6y 6.89). The
HMBC spectrum displayed correlations of H-5/C-4a (¢ 38.8), C-7a
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(6c 139.3), C-10 (6¢ 27.8) and C-11 (6c 14.4), H-7/C-4a, C-7a and C-8
(6c 131.7) and H3-10 (6y 1.41)/C-4 (6c 33.1), C-4a, C-5 and C-7a.
Furthermore, C-4 and C-8 gave HMQC cross peaks with Hap-4 (0y
1.76 and 1.49) and H-8 (dy 6.01), respectively. These results together
with HMBC correlations of H-8 with C-4a and C-7a and those of H,p-
4 with C-4a and C-5 established a cyclopentene having a cis-double
bond at C-6 and C-7, two methyl groups at C-4a and C-5 as well as an
exocyclic trisubstituted double bond and one methylene unit at C-7a
and C-4a, respectively.

Table 3
NMR data for botryosphaerihydrofuran (5)

Position oy, mult, J in Hz Oc, mult. HMBC correlation

2 a: 4.15,,9.0 71.3, CHz C-3, C-3a, C-8a, C-9
b: 3.40, t, 9.0 C-3,C-9

3 2.52, m 43.4, CH C-3a,C-4

3a 77.0, qC

4 a: 1.76, d, 14.5 33.1, CH, C-3a, C-4a, C-5, C-10
b: 1.49, d, 14.5 C-3a, C-4a, C-5, C-7a, C-8a, C-10

4a 38.8, qC

5 231, m 53.6, CH C-4a, C-7a, C-10, C-11

6 5.90, d, 10.0 126.4, CH C-5, C-7a

7 6.89, d, 10.0 143.6, CH C-4a, C-7a, C-8

7a 139.3, qC

8 6.01, s 131.7, CH C-3a, C-4a, C-7

8a 994, qC

9 1.05,d,7.0 8.9, CH3 C-2,C-3,C-3a

10 141,s 27.8, CH3 C-4, C-4a, C-5, C-7a

11 0.99,d, 7.0 14.4, CH3 C-4a, C-5

The methine proton, H-3 (g 2.52), was coupled with Hap-2 (dy
415 and 3.40) and H3-9 (6y 1.05) in the 'H-'H COSY spectrum. The
HMBC correlations of H3-9/C-2 (dc 71.3), C-3 (dc 43.4) and C-3a (dc
77.0) and H,p-2/C-3a, C-8a (6¢ 99.4) and C-9 (6c 8.9) together with
the chemical shift of C-2 established a tetrahydrofuran moiety with
a methyl group at C-3. The chemical shifts at C-3a and C-8a
established an epoxide unit at these carbons. The linkage between
C-3a and C-4 and that between C-8a and C-8 (dc 131.7) were
established according to the HMBC correlations of H-4 with C-3a
and C-8a and that of H-8 with C-3a to form a tetracyclic skeleton.
Irradiation of the methine proton, H-5 (dy 2.31), in the NOEDIFF
experiment enhanced signal intensity of H3-10, indicating their cis-
relationship. In addition, signal intensity of H;-4 was enhanced
after irradiation of either H3-9 or H3-11. These results together with
the molecular model (Fig. 2) established the relative configuration
as shown. Therefore, botryosphaerihydrofuran was assigned to
have the structure 5 (Fig. 1).

Figure 2. Selected NOEDIFF data of botryosphaerihydrofuran (5).

Botryosphaerinone (6) was obtained as a colorless gum with
[a]3® —23.2 (c 0.14, MeOH). The IR spectrum exhibited absorption
bands at 3441 and 1728 cm™! for hydroxyl and carbonyl groups,
respectively. The HREIMS showed the molecular formula C;,H1g0s.
The 'H NMR spectral data (Table 4) exhibited signals of cis-olefinic
protons [0y 5.39 (dtt, J=10.5, 7.2 and 1.2 Hz, 1H) and 5.19 (m, 1H)],
two methine protons [dy 2.29 (m, 1H) and 1.85 (m, 1H)], five sets of
methylene protons [0y 2.68 (dd, J=18.5 and 7.8 Hz, 1H) and 2.28
(m, 1H); 2.31 (m, 2H); 2.25 (m, 1H) and 1.45 (m, 1H); 2.22 (m, 1H)
and 2.05 (m, 1H); 1.98 (m, 2H)] and one methyl group [y 0.89
(t, J=7.5 Hz, 3H)]. The '*C NMR spectrum (Table 4) showed one
ketone carbonyl (d¢c 219.0), one carboxylic carbonyl (6c 177.5), four
methine (6c 134.2, 124.8, 53.9 and 37.8), five methylene (é¢c 38.6,
37.7, 27.2, 25.5 and 20.6) and one methyl (6c 14.1) carbons. In the
TH-TH COSY spectrum, the methyl protons, H3-10 (éy 0.89), were
coupled with Hy-9 (6y 1.98), which were further coupled with H-8
(0u 5.39). The same correlations of H-7 (dy 5.19)/H-8 and H»-6 (dy
2.31) and those of H-3 (g 1.85)/Hap-2 (0y 2.22 and 2.05) and H;-6
were also observed. These results indicated the presence of
a CH3CH,CH=CHCH,CHCH, unit. In addition, a CH;CHCH,COOH
unit was established on the basis of the "TH-'H COSY correlations of
H-4/Hap-5 (0y 2.25 and 1.45) and Hap-11 (0y 2.68 and 2.28) as well
as the HMBC correlations of both H-4 and H,p-11 with the carboxyl
carbon, C-12 (dc 177.5). The HMBC correlations of Hap-2 and H-4
with C-1 (6¢ 219.0) and a "TH-'H COSY cross peak between H-3 and
H-4 established a cyclopentanone ring having a (2Z)-pentenyl unit
at C-3 (dc 53.9) and a carboxymethyl substituent at C-4 (6¢ 37.8). In
the NOEDIFF experiment, irradiation of H-3 affected signal intensity
of H-4, indicating their cis-relationship. Therefore, botryosphaer-
inone (6) was assigned as a new cyclopentanone carboxylic acid.

Table 4
NMR data for botryosphaerinone (6)

Position oy, mult, J in Hz 0c, mult. HMBC correlation
1 219.0, qC
2 a:2.22, m 37.7, CH, C-1,C-5
b: 2.05, m
3 1.85, m 53.9, CH C-2, C-4, C-6, C-11
4 229, m 37.8,CH C-1,C-12
5 a: 2.25, m 27.2, CH, C-2,C4, C-11
b: 1.45, m
6 231, m 25.5, CH, C-2,C-3,C-7,C-8
7 5.19, m 124.8, CH C-6, C-8,C-9
8 5.39, dtt, 10.5, 7.2, 1.2 134.2, CH C-6, C-7, C-9, C-10
9 1.98, m 20.6, CH, C-7,C-8,C-10
10 0.89,t,7.5 14.1, CH3 C-8,C-9
11 a: 2.68, dd, 18.5, 7.8 38.6, CH, C-3, C-4, C-5, C-12
b: 2.28, m
12 177.5, qC

Botryosphaeriodiplodin (7) was obtained as a colorless gum
with [a]3® —9.8 (¢ 0.70, CHCl3). The UV and IR spectra were similar
to those of 10. The HREIMS showed the molecular formula
C17H240s, 16 mass units higher than that of 10. The 'H NMR spectral
data (Table 5) were similar to those of 10 except that proton signal
of one methylene group in 10 was replaced, in 7, by an oxymethine
proton (dy 3.78, m). This was confirmed by the presence of two
oxymethine (6¢c 72.2 and 68.0) and six methylene carbons in the 3C
NMR spectrum instead of one oxymethine and seven methylene
carbons in 10. This oxymethine proton was attributed to H-7 due to
the TH-'H COSY correlations of Hap-10 (g 2.71 and 2.51)/Hp-9 (0n
1.92 and 1.52), and Hp-8 (0y 1.49 and 1.31)/H-7 and Hgp-9. In ad-
dition, H-7 displayed a HMBC correlation with C-9 (¢ 26.6). A hy-
droxyl group was attached at C-7 (6¢c 68.0) on the basis of the
chemical shift of C-7. Thus, botryosphaeriodiplodin (7) was
assigned as a new lasiodiplodin derivative. The configuration at C-3
was purposed to be identical to that of 10. However, the NOEDIFF
data obtained were inadequate for the assignment of the relative
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configuration at C-7. Analysis of the absolute configuration at C-7
was not performed as 7 was obtained in low quantity.

Table 5
NMR data for botryosphaeriodiplodin (7)

Position ¢y, mult, J in Hz Oc, mult. HMBC correlation

1 168.5, qC

3 5.22, m 72.2, CH C-1, C-4, C-5, C-17

4 a: 1.96, m 32.8,CH, (C-3,C-5,C-6, C-7,C-17
b: 1.66, m

5 a: 1.69, m 19.5,CH, C-3,C-4, C-6,C-7,C-8
b: 1.53, m

6 a: 1.64, m 36.1,CH, (C-4,C-7
b: 1.49, m

7 3.78, m 68.0, CH C-5,C-9

8 a: 1.49, m 33.5,CH, C-6,C-7,C-9,C-10
b: 131, m

9 a:1.92, m 26.6,CH, C-7,C-8,C-10,C-11
b: 1.52, m

10 a: 2.71,ddd, 14.5,9.0,6.0 29.8,CH, C-8,C-9,(C-11,C-12,C-16
b: 2.51, dt, 14.5, 6.0

11 1424, qC

12 6.25,d, 2.0 108.0,CH C-1,C-10, C-13, C-14, C-16

13 157.3,qC

14 6.26, d, 2.0 97.1, CH C-12, C-13, C-16

15 158.0, qC

16 118.2,qC

17 1.33,d,6.5 19.3,CH; C-3,C-4

18 3.77,s 55.9,CH; C-15

The isolated compounds, except for compounds 2, 4, 5, 7, 11-12
and 19 which were obtained in low quantity, were tested for an-
tibacterial activity against SA and MRSA strains. Among them,
compound 10 exhibited the best activity against SA and MRSA with
the respective MIC values of 64 and 128 pug/mL. Its antibacterial
activity against SA ATCC 27154 with the MIC value of 25 pg/mL* was
previously reported. Compound 16 was as active as compounds 13-
15 against both strains,! but displayed much weaker activity than
compound 10 with the MIC value of >128 pg/mL. The remaining
compounds showed no activity at the concentration of 200 pg/mL.

Mellein derivatives have been isolated from B. mamane! and
B. obtusa'! while B. rhodina has produced a lasiodiplodin derivative.”
This is the first report on the isolation of y-lactone derivatives from
the genus Botryosphaeria. Furthermore, compounds 8, 11-12, and
16-19, were obtained from fungi of this genus for the first time while
compound 9 was firstly isolated as a natural product.

3. Experimental
3.1. General experimental procedures

Infrared spectra (IR) were obtained on an FTS165 FTIR spec-
trometer or a Perkin Elmer Spectrum GX FTIR system and recorded
on wavenumber (cm™!). 'H and '3C Nuclear magnetic resonance
spectra were recorded on an FTNMR, Bruker Avance 300 MHz or
500 MHz spectrometers using tetramethylsilane (TMS) as an in-
ternal standard. Spectra were recorded as chemical shift parameter
(0) value in ppm down field from TMS. Ultraviolet spectra (UV)
were measured with an UV-160A SHIMADSU spectrophotometer.
Principle bands (Anax) were recorded as wavelengths (nm) and log ¢
in MeOH solution. Optical rotations were measured in methanol
solution or chloroform solution with sodium D line (590 nm) on an
AUTOPOLR® II automatic polarimeter. Solvents for extraction and
chromatography were distilled at their boiling point range prior to
use except for ethyl acetate, which was an analytical grade reagent.
Thin-layer chromatography (TLC) and precoated TLC plate were
performed on silica gel 60 GF,54 (Merck). Column chromatography
was performed on silica gel (Merck) type 100 (70-230 mesh ASTM)
with a gradient of MeOH-CH,Cl,, Sephadex LH-20 with MeOH,

reverse phase Cig silica gel with a gradient of MeOH-H,O or
otherwise stated.

3.2. Fungal material

The endophytic fungi B. rhodina PSU-M35 (GenBank accession
number EF564146) and PSU-M114 (GenBank accession number
EEF564147) were isolated from the leaves of Garcinia mangostana,
collected in Suratthani Province, Thailand in the year 2005. These
fungi were deposited as PSU-M35 and PSU-M114 at the De-
partment of Microbiology, Faculty of Science, Prince of Songkla
University.

3.3. Fermentation, extraction and isolation

The endophytic fungi B. rhodina PSU-M35 and PSU-M114 were
separately grown on potato dextrose agar (PDA) at 25 °C for five
days. Three pieces (0.5x0.5 cm?) of mycelial agar plugs were in-
oculated into 500 mL Erlenmeyer flasks containing 300 mL potato
dextrose broth (PDB) at room temperature for four weeks. Each
culture (15L) was filtered to give the filtrate and mycelia. The
filtrate and the mycelial cakes were then extracted using the same
procedure as described previously.!””> The broth extracts were
obtained as a dark brown gum in 2.48 g and 2.13 g from B. rhodina
PSU-M35 and PSU-M114, respectively, while the mycelia extract of
the fungus PSU-M114 was obtained as a brown gum in 796.6 mg.

The broth extract of B. rhodina PSU-M35 was separated by CC
over Sephadex LH-20 to obtain five fractions (AA-AE). Fraction AB
(417.5 mg) was purified by silica gel CC followed by CC over reverse
phase silica gel to afford four fractions (AB1-AB4). Fraction AB2
(23.5 mg) was subjected to CC over silica gel, CC over Sephadex LH-
20 and then PTLC with 7% acetone-CH,Cl, to yield 5 (1.8 mg).
Fraction AB3 (38.3 mg) was separated by CC over silica gel to afford
four subfractions. Compound 2 (1.5 mg) was obtained from the first
subfraction (12.5 mg) after purification by PTLC with 30% EtOAc-
light petroleum. The third subfraction (19.7 mg) afforded 1 (4.3 mg)
and 3 (3.8 mg) after separation by CC over silica gel with a gradient
of EtOAc-light petroleum. Fraction AC (726.0 mg) was separated by
CC over silica gel to give 4 (1.8 mg). Fraction AD was purified using
the same procedure as fraction AC to afford five fractions. Com-
pound 9 (13.6 mg) was contained in the second fraction. The fourth
fraction (130.6 mg) was further purified by silica gel CC to afford 8
(7.8 mg).

The broth extract of B. rhodina PSU-M114 was fractionated by CC
over Sephadex LH-20 to afford five fractions (BA-BE). Fraction BB
(112 g) was then submitted to CC over silica gel to obtain five
fractions (BB1-BB5). Fraction BB1 (25.9 mg) was further separated
by flash CC over silica gel to afford 13 (4.3 mg). In addition, fraction
BB2 contained 17 (138.4 mg). Fraction BB4 (393.3 mg) was purified
by CC over silica gel to give six subfractions (BB41-BB46). Com-
pound 10 (12.4 mg) was obtained from subfraction BB42 after
purification by CC over silica gel followed by PTLC with 20% EtOAc-
light petroleum. Subfraction BB43 (244.1 mg) was further purified
by CC over silica gel to yield four subfractions. The second
subfraction contained 18 (130.3 mg). The third subfraction
(46.6 mg) was further separated using the same procedure as
fraction BB43 to yield four subfractions. The third subfraction
(9.7 mg) was further subjected to acetylation reaction, followed by
purification on PTLC to afford 11 (1.6 mg) and 12 (1.8 mg). Sub-
fraction BB45 contained 6 (4.8 mg). Fraction BC (400.5 mg) was
further purified by CC over silica gel followed by PTLC with 20%
EtOAc-light petroleum to afford three fractions (BC1-BC3). Fraction
BC2 (21.3 mg) was separated by CC over Sephadex LH-20 to yield 14
(4.2 mg) and 15 (5.0 mg). Fraction BD (89.3 mg) was subjected to CC
over silica gel with a gradient of EtOAc-CH,Cl; to yield four frac-
tions (BD1-BD4). Fraction BD2 (7.2 mg), on PTLC with 20% EtOAc-
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light petroleum, and fraction BD3 (18.5 mg), on CC over Sephadex
LH-20, gave 16 (3.9 mg) and 19 (2.1 mg), respectively. The mycelial
extract was separated by CC over Sephadex LH-20 to afford three
fractions. The second fraction (535.7 mg) was further purified by CC
over silica gel, followed by PTLC with 40% EtOAc-light petroleum to
afford 7 (1.9 mg).

3.3.1. Botryosphaerilactone A (1). Colorless gum; [¢]% —1.2 (¢ 0.77,
MeOH); UV (MeOH) Amax (log ¢) 286 (1.30) nm; IR (neat) vmax 3438,
1770 cm™'; HREIMS mjz [M-H]" 2711553 (calcd for Cy4H»30s,
271.1545); 'H NMR (CDCls, 500 MHz), see Table 1; '3C NMR (CDCls,
125 MHz), see Table 1.

3.3.2. Botryosphaerilactone B (2). Colorless gum; [a]3¢ +4.5 (c 0.57,
MeOH); UV (MeOH) Apax (log ¢) 280 (1.61) nm; IR (neat) ymax 3430,
1775cm™'; HREIMS m/z [M]" 270.1479 (caled for CisH220s,
270.1467); 'H NMR (CDCl3, 500 MHz), see Table 1; 3C NMR (CDCl;,
125 MHz), see Table 1.

3.3.3. Botryosphaerilactone C (3). Colorless gum; [a]3® +5.2 (c 0.77,
MeOH); UV (MeOH) Amax (log ¢) 273 (2.21) nm; IR (neat) vy 3438,
1770 cm~'; HREIMS mjz [M-H]" 2711533 (calcd for Cy4H230s,
271.1545); 'H NMR (CDCls, 500 MHz), see Table 1; '3C NMR (CDCls,
125 MHz), see Table 1.

3.3.4. Botryosphaeridione (4). Pale yellow gum; [a]3’ —13.2 (c 0.68,
MeOH); UV (MeOH) Anax (log ¢) 242 (3.30), 289 (3.18) nm; IR (neat)
ymax 3354, 1673 cm~'; HREIMS mjz [M]* 204.0793 (calcd for
C12H1203, 204.0786):; 'H NMR (CDCls, 300 MHz), see Table 2; 13C
NMR (CDCls, 75 MHz), see Table 2.

3.3.5. Botryosphaerihydrofuran (5). Colorless gum; [a]3’ —23.8 (¢
0.14, MeOH); UV (MeOH) Amax (log ¢) 220 (4.81), 280 (4.91) nm; IR
(neat) vmax 1664cm~!; HREIMS mjz [M]* 2181314 (caled for
C14H1505, 218.1307); 'H NMR (CDCl5, 500 MHz), see Table 3; 13C
NMR (CDCls, 125 MHz), see Table 3.

3.3.6. Botryosphaerinone (6). Colorless gum; [a]5 —23.2 (c 0.14,
MeOH); UV (MeOH) Amax (log €) 212 (2.73) nm; IR (neat) v 3441,
1728 cm~!; HREIMS mjz [M]" 210.1253 (caled for Cq3Hig03,
210.1256); "H NMR (CDCls, 300 MHz), see Table 4; 13C NMR (CDCls,
75 MHz), see Table 4.

3.3.7. Botryosphaeriodiplodin (7). Colorless gum; [a.]8® —9.8 (¢ 0.70,
CHCl3); UV (MeOH) Amax (log ¢) 205 (3.20), 245 (2.44),280 (2.19) nm;
IR (neat) vmax 3440, 1684 cm™!; HREIMS m/z [M]* 308.1615 (calcd
for C17H2405, 308.1624); 'H NMR (CDCls, 500 MHz), see Table 5; 3C
NMR (CDCl3, 125 MHz), see Table 5.

3.4. Antibacterial activity testing

MICs were determined by the agar microdilution method.!® The
test substances were dissolved in DMSO (Merck, Germany). Serial
2-fold dilutions of the test substances were mixed with melted
Mueller-Hinton agar (Difco) in the ratio of 1:100 in microtiter
plates with flat-bottomed wells (Nunc, Germany). Final concen-
tration of the test substances in agar ranged from 200 to 0.39 pg/
mL. MRSA isolated from a clinical specimen, Songklanakarin Hos-
pital, was used as test strain. Inoculum suspensions (10 uL) were
spotted on agar-filled wells. The inoculated plates were incubated
at 35°C for 18 h. MICs were recorded by reading the lowest
substance concentration that inhibited visible growth. Growth
controls were performed on agar containing DMSO.
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One new cyclohexenone derivative (1) was isolated from Diaporthaceous fungus PSU-H2
together with six known compounds, dothiorelone A (2), dothiorelone C (3), 2,3-dihydromycoe-
poxydiene (4), (+)-mycoepoxydiene (5), deacetylmycoepoxydiene (6) and tyrosol (7). The struc-
tures were elucidated by spectroscopic methods. Their cytotoxic activity against human breast

cancer cell line, MCF-7, was evaluated.

Key words: Diaporthaceae, Endophytic fungus, Cyclohexenone, Mycoepoxydiene, Dothiore-

lone, Cytotoxic activity

INTRODUCTION

In an ongoing search for biologically active sub-
stances from the endophytic fungi from the Garcinia
plants, antibacterial primin (Pongcharoen et al., 2007),
antifungal scoparasin B (Pongcharoen et al., 2006)
and antimycobacterial phomoenamide (Rukachaisirikul
et al., 2007) were identified. We describe herein the
isolation and structural elucidation of one new cyclo-
hexenone derivative (1) along with six known ones,
dothiorelone A (2) (Xu et al., 2004) dothiorelone C (3)
(Xu et al., 2004), 2,3-dihydromycoepoxydiene (4) (Prachya
et al., 2007), (+)-mycoepoxydiene (5) (Cai et al., 1999),
deacetylmycoepoxydiene (6) (Shen et al., 2007) and
tyrosol (7) (Capasso et al., 1992) from the crude extract
of Diaporthaceous fungus PSU-H2, isolated from
Garcinia hombroniana. Their structures were assigned
by spectroscopic methods and comparison of the ‘H-
and ®*C-NMR data with those reported in literatures.
The isolated compounds were evaluated for cytotoxic
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activity toward human breast cancer, MCF-7, cell line.
MATERIALS AND METHODS

General experimental procedures

Infrared spectra (IR) were recorded neat on a Perkin
Elmer 783 FT'S165 FT-IR spectrometer. Ultraviolet (UV)
absorption spectra were measured on a SHIMADZU
UV-160A spectrophotometer. 'H and *C-NMR spectra
were recorded on a 300 MHz or a 500 MHz Bruker
FTNMR Ultra ShieldTM spectrometer. Mass spectra
were obtained on a MAT 95 XL. Mass Spectrometer
(Thermofinnigan). Optical rotations were measured in
MeOH on a JASCO P-1020 polarimeter. Thin-layer
chromatography (TLC) and precoated TLC were per-
formed on silica gel GF254 (Merck). Column chroma-
tography (CC) was carried out on Sephadex LH-20 or
silica gel (Merck) type 100 (70-230 Mesh ASTM).

Fungal material

Diaporthaceous fungus PSU-H2 was isolated from
the branch of G. hombroniana, collected in Songkhla
Province, Thailand in 2005. This fungus was grown in
potato dextrose agar (PDA) and an agar plug with my-
celium was kept in 15% glycerol at -70°C at the Depart-
ment of Microbiology, Prince of Songkla University,

1227
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Thailand.

Molecular identification of the fungal endo-
phyte

The fungal endophyte PSU-H2 was inoculated in
potato dextrose broth (PDB) for two weeks at 25°C,
fresh mycelium was then harvested and ground into
fine powder. Genomic DNA was extracted using CTAB
method (O’Donnell et al., 1997). The ITS and LSU
rDNA were amplified using gene specific primers:
ITS1/ITS4 and LROR/LR5, respectively ( Bunyard et
al., 1994; White et al., 1990). PCR products were then
sequenced by Macrogen Inc. using the same primer as
for amplification. A BLAST search was employed to
obtain the closest matched sequences from GenBank
database. Sequence similarity and relatedness of the
endophytic fungus PSU-H2 were calculated under
sequence identity matrix using BioEdit 7.5.0.3 (Hall,
2006).

In vitro assay for cytotoxic activity

This was carried out according to that of Skehan.
MCF-7 (human breast cancer cell line) was obtained
from the American Type Culture Collection (Rockville,
MD). Cells were grown in RPMI 1640 (Invitrogen) sup-
plemented with 10% fetal bovine serum (Gibco BRL),
50 units/mL penicillin, and 50 pg/mlL streptomycin
and were maintained in a humidified 37°C incubator
with 5% CO,. The cytotoxicity assay was carried out
using sulphorhodamine B (SRB) assay. Briefly, 1 x 10*
of MCF-7 cells were seeded in 96-well plate and ex-
posed with various concentrations of isolated com-
pounds for 72 h. Then, cells were fixed with 100 uL of
40% trichloroacetic acid and incubated at 4°C for 1 h.
After incubation, cells were washed five times with
cold water and dried in air. Cells were stained with 50
uL of SRB stain (0.4% (w/v) in 1% acetic acid) for 30
min, after which the excess dye was removed by wash-
ing repeatedly with 1% (v/v) acetic acid. The protein-
bound dye was dissolved in 100 uL of 10 mM Tris base
solution (pH 10.5) for OD determination at 490 nm
using a SLT 340 ATTC microplate reader (SLT Labins-
trument, Australia). The ICj, values were calculated
by Prism program.

Extraction and isolation

The Diaporthaceous fungus PSU-H2 was grown on
potato dextrose agar (PDA) at 25°C for 5 days. Three
pieces (0.5%0.5cm? of mycelial agar plugs were
inoculated into 500 mL Erlenmeyer flasks containing
300 mL potato dextrose broth (PDB) at room tempera-
ture for 3 weeks. The culture (15 L) was filtered to give
the filtrate and mycelia. The filtrate was extracted
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with EtOAc to afford a broth extract (500 mg) as a
brown gum. The crude EtOAc extract was separated
by CC over Sephadex LH-20 using MeOH to yield four
fractions (A-C). Fraction B (300.0 mg) was further
purified by silica gel CC using a gradient of MeOH-
CH,CI, to give eight subfractions (B1-B8). Subfraction
B3 contained 2 (1.5 mg) and 5 (13.0 mg). Subfraction
B6 was subjected to precoated TLC with 30% EtOAc-
light petroleum to give 1 (1.0 mg). Subfraction B7 was
further purified by silica gel CC using a gradient of
EtOAc-light petroleum followed by that of MeOH-
EtOAc to give 6 (13.9 mg) and 7 (13.3 mg). Subfraction
B8 was subjected to CC over reverse phase Cig silica
gel using a gradient system of MeOH-H;0 to yield
four subfractions (B81-B83). Subfraction B82 was sep-
arated by CC over Sephadex LH-20 using 50% MeOH-
CH,Cl, to yield three subfractions. The second sub-
fraction was subjected to precoated TLC with 30%
EtOAc-light petroleum to give 4 (5.0 mg). Wet mycelia
were extracted with MeOH (2 x 500 mL). After con-
centration of the MeOH solution to 200 mL, H,O (100
mL) was added and the mixture washed with hexane
(500 mL). The aqueous MeOH layer was extracted
with EtOAc (3 x 400 mL) to yield a brown gum (310.0
mg). The crude mycelial extract was subjected to
Sephadex LH-20 CC eluted with MeOH to afford three
fractions. The second fraction (205.0 mg) was further
purified by silica gel CC using a gradient of MeOH-
CH,CI; to give 3 (4.5 mg).

5,6-Dihydroxy-2,3,6-trimethylcyclohex-2-enone
@

Colorless gum; [0]3° +55.7° (MeOH; c 0.08); UV (MeOH)
Amax N (log 8: 213 (3.30); IR (neat) U cm 3127,
1734; HR-EI-MS m/z: 170.0935 (caled for CoH;,Os:
170.0943); EIMS m/z: 170 M™) (7), 152 (92), 109 (100),
96 (89), 74 (69); 'H-NMR (300 MHz, CDCly) &: 3.93
(1H, dd, J = 11.5 and 6.0 Hz, H-5), 2.63 (1H, dd, J =
18.5 and 6.0 Hz, Ha-4), 2.41 (1H, dd, J =18.5 and 11.5
Hz, Hb-4), 1.97 (3H, s, H-9), 1.81 (3H, s, H-8), 1.22
(3H, s, H-7); *C-NMR (125 MHz, CDCl,) &: 201.7 (s,
C-1), 152.9 (s, C-3), 128.2 (s, C-2), 77.0 (s, C-6), 72.6 (d,
C-5), 38.2 (t, C-4), 21.3 (q, C-9), 17.7 (q, C-7), 11.4 (q,
C-8).

Dothiorelone A (2)

Colorless gum; [0 3° -22.3° (MeOH; ¢ 0.13); UV (MeOH)
Amax M (log &): 225 (3.82), 269 (3.03), 295 (2.94); IR
(neat) Umax cm! 3283, 1716, 1610; HR-EI-MS m/z:
320.1622 (caled for CisH9,Os5: 320.1624); EIMS m/z:
320 (M*) (14), 248 (21), 205 (25), 196 (48), 167 (100);
'"H-NMR (300 MHz, CDCl5+CD30D) §: 6.34 (1H, brs,
H-6), 6.30 (1H, brd, J = 2.0 Hz, H-4), 421 (2H, q, J =
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7.0 Hz, H-17), 3.86 (2H, s, H-2), 3.57 (1H, m, H-15),
2.89 (2H, t, J = 7.0 Hz, H-10), 1.46 (2H, m, H-14), 1.45
(2H, m, H-11), 1.42 (4H, m, H-12, 13), 1.29 (3H, t, JJ =
7.0 Hz, H-18), 0.96 (3H, d, J = 7.5 Hz, H-16); *C-NMR
(125 MHz, CDCL;+CD;0D) &: 207.4 (s, C-9), 171.2 (s,
C-1), 164.5 (s, C-7), 161.0 (s, C-5), 137.8 (s, C-3), 117.5
(s, C-8), 113.3 (d, C-4), 104.1 (d, C-6), 74.0 (d, C-15),
62.4 (t, C-17), 44.1 (¢, C-10), 42.7 (t, C-2), 37.5 (t, C-
11), 31.2 (¢, C-14), 26.2 (t, C-12), 25.8 (t, C-13), 15.1 (q,
C-18), 10.8 (g, C-16).

Dothiorelone C (3)

Colorless gum; UV (MeOH) A, nm (log ¢&): 219 (3.50),
268 (3.01), 304 (2.95); IR (neat) Uma cm™ 3256, 1712,
1607; EIMS m/z: 338 (M*) (14), 223 (100), 205 (37),
177 (42), 167 (85); 'H-NMR (300 MHz, CDCl) §: 6.21
(1H, brs, H-6), 6.20 (1H, brs, H-4), 4.12 (2H, q, J = 7.2
Hz, H-17), 3.74 (2H, brs, H-2), 3.57 (2H, t, JJ = 6.3 Hz,
H-16), 2.77 (2H, t, J = 7.2 Hz, H-10), 1.63 (2H, m, H-
11), 1.49 (2H, m, H-15), 1.26 (6H, m, H-12, 13, 14),
1.22 (3H, t, J = 7.2 Hz, H-18); *C-NMR (75 MHz,
CDCly) 6: 205.7 (s, C-9), 170.1 (s, C-1), 163.2 (s, C-5),
159.3 (s, C-7), 135.7 (s, C-3), 115.8 (s, C-8), 111.5 (d, C-
4), 102.5 (d, C-6), 62.0 (t, C-16), 60.5 (t, C-17), 42.2 (t,
C-10), 40.7 (t, C-2), 31.6 (t, C-15), 28.0 (t, C-12,14),
24.5 (t, C-13), 23.8 (t, C-11), 13.1 (q, C-18).

2,3-Dihydromycoepoxydiene (4)

Colorless gum; [0]3® +200.3° (MeOH; ¢ 0.10); UV
(MeOH) Ay nm (log ¢o): 215 (3.25), 265 (3.56); IR
(neat) Umax cm 1777, 1739; HR-EI-MS m/z: 292.1314
(caled for CigHg0O5: 292.1311); EIMS m/z: 292 (M)

8
HaC CHs
10K
9 "
HoC 'OH
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(23), 232 (75), 176 (72), 94 (93), 85 (100); 'H-NMR (300
MHz, CDCl) &: 6.19 (1H, dd, J = 10.0, 6.0 Hz, H-8),
5.99 (1H, brdd, J = 11.0, 4.5 Hz, H-11), 5.89 (1H, m,
H-9), 5.85 (1H, m, H-10), 5.10 (1H, dd, J = 10.5, 2.4
Hz, H-5), 4.52 (1H, ddm, J =6.3, 2.4 Hz, H-4), 4.37 (1H,
t, J = 6.0 Hz, H-7), 4.19 (1H, d, J = 4.5 Hz, H-12), 2.68
(1H, gn, J = 7.2 Hz, H-13), 2.93 (1H, m, H-6), 2.45 (1H,
m, Ha-2), 2.39 (1H, m, Hb-2), 2.23 (1H, m, Ha-3), 2.06
(3H, s, H-16), 2.00 (1H, m, Hb-3), 0.92 (3H, d, J = 7.2
Hz, H-14); *C-NMR (75 MHz, CDCl,) &: 176.2 (s, C-1),
170.5 (s, C-15), 137.6 (d, C-8), 136.9 (d, C-11), 126.3 (d,
C-9), 125.0 (d, C-10), 86.2 (d, C-12), 80.1 (d, C-4), 77.0
d, C-7), 72.7 (d, C-5), 52.3 (d, C-13), 51.5 (d, C-6), 28.1
(t, C-2), 23.9 (t, C-3), 21.0 (q, C-16), 14.4 (q, C-14).

Mycoepoxydiene (5)

White solid; mp 143.0-144.0°C; [o] 3¢ +205.8° (MeOH; ¢
0.11); UV MeOH) A,.x nm (log &: 210 (3.78), 265
(3.02); IR (neat) vna cm™ 1735, 1726; 'H-NMR (300
MHz, CDCly) &: 6.96 (1H, dd, J = 9.6, 6.0 Hz, H-3),
6.15 (1H, d, J = 9.6 Hz, H-2), 6.02 (1H, ddd, J = 9.9,
6.9, 4.5 Hz, H-11), 5.97 (1H, m, H-8), 5.87 (1H, m, H-
9), 5.84 (1H, m, H-10), 5.01 (1H, dd, J/ = 6.0, 2.4 Hz, H-
4), 4.42 (1H, dd, J = 11.1, 2.4 Hz, H-5), 4.25 (1H, d, J
=4.5 Hz, H-12), 4.21 (1H, t, J = 6.0 Hz, H-7), 3.00 (1H,
m, H-6), 2.95 (1H, m, H-13), 1.96 (1H, s, H-16), 1.07
(3H, d, J = 6.6 Hz, H-14); 3 C-NMR (75 MHz, CDCl)
d: 170.0 (s, C-15), 162.1 (s, C-1), 140.2 (d, C-3), 137.5
(d, C-11), 137.0 (d, C-8), 126.3 (d, C-9), 125.0 (d, C-2),
124.4 (d, C-10), 86.4 (d, C-12), 77.6 (d, C-5), 75.9 (d, C-
7), 63.2 (d, C-4), 52.6 (d, C-13), 50.1 (d, C-6), 20.6 (q, C-
16), 14.1 (q, C-14).

2: R, = CHi, R; = OH
3:R, = CH,OH, R, = H

4: Ry = R; = R; = Ry = H,R; = OC(O)CH;
5: Ry = Ry = H,Ry; = Ry= double bond, R; = OC(0)CH;
6: Ry = R; = H,R; = Ry = double bond, R; = OH

Fig. 1. Chemical structures of compounds in this study
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Deacetylmycoepoxydiene (6)

White solid; mp 157.0-159.0°C; [o]3® +195.3° (MeOH; ¢
0.10); UV MeOH) Ay nm (log &): 212 (3.81), 265
(3.03); IR (neat) vma.x cm™ 3383, 1718; 'H-NMR (300
MHz, CDCly) &: 6.97 (1H, dd, J = 9.6, 6.3 Hz, H-3),
6.19 (1H, ddd, J = 10.5, 5.4, 1.5 Hz, H-8), 6.05 (1H, d,
J = 9.6 Hz, H-2), 6.02 (1H, m, H-11), 5.89 (1H, m, H-
9), 5.85 (1H, m, H-10), 4.36 (1H, t, J = 5.4 Hz, H-7),
4.28 (1H, dd, J = 10.5, 2.4 Hz, H-5), 4.25 (1H, d, J =
4.5 Hz, H-12), 4.00 (1H, brt, J = 5.4 Hz, H-4), 2.95
(1H, m, H-6), 2.91 (1H, q, J = 6.9 Hz, H-13), 1.06 (1H,
d, J = 6.9 Hz, H-14); *C-NMR (75 MHz, CDCls) &:
163.3 (s, C-1), 144.3 (d, C-3), 137.4 (d, C-8), 137.2 (d,
C-11), 126.1 (d, C-9), 124.8 (d, C-10), 122.2 (d, C-2),
86.1 (d, C-12), 79.5 (d, C-5), 76.9 (d, C-7), 62.1 (d, C-4),
51.7 (d, C-6, 13), 14.3 (q, C-14).

Tyrosol (7)

Colorless gum; UV (MeOH) A, nm (log &): 222 (2.94),
279 (2.36); IR (neat) vm.e cm™® 3617; 'H-NMR (300
MHz, CDCls) &: 7.11 (2H, d, J = 9.0 Hz, H-3, 5), 6.79
(2H, d, J = 9.0 Hz, H-2, 6), 3.83 (2H, t, J = 6.0 Hz, H-
8), 2.81 (2H, t, J = 6.0 Hz, H-7); *C-NMR (75 MHz,
CDCly) 6: 154.2 (s, C-1), 130.6 (s, C-4), 130.2 (d, C-3,
5), 115.5 (d, C-2, 6), 63.8 (t, C-8), 38.3 (t, C-7).

RESULTS AND DISCUSSION

Fungal endophyte PSU-H2 was identified based on
the rDNA sequence analysis. The nuclear large sub-
unit (LSU) ribosomal DNA region was initially carried
out for higher taxonomic levels. LSU sequence of the
endophyte PSU-H2 (633 base pairs, GenBank accession
number FJ386515) was closely related with Phomopsis
sp. EU219393 (Diaporthales, Diaporthaceae). Sequence
analysis between the fungus PSU-H2 and this isolate
yielded 24 base pairs difference (100% similarity). The
internal transcribed spacer (ITS) sequence analysis
was further performed in order to identify at lower
taxonomic levels. The results showed that this endo-
phytic fungus (509 base pairs, GenBank accession
number FJ386514) displayed the close relationship
with two unidentified fungal endophytes sequences
(DQ485947, DQ485954) isolated from Magnolia liliifera
(Promputtha et al., 2005) with sequence similarity
ranging from 95.4-97.0%. Moreover, within the same
subclade, the fungus PSU-H2 had affinity with various
strains of Phomopsis sp. and Diaporthe sp. (sequence
similarity 93.5-94.3%). Because of inadequate sequences
from GenBank for comparison, this fungus could only
be placed in the Diaporthales (Subclass Sordariomy-
cetidae, Class Sordariomycetes) and named as Diapor-
thaceous fungus PSU-H2.

U. Sommart et al.

Compounds 2-7 were identified by comparison of the
'H- and ®C-NMR data with those previously reported
in the literature as dothiorelone A (2) (Xu et al., 2004)
dothiorelone C (3) (Xu et al., 2004), 2,3-dihydromyco-
epoxydiene (4) (Prachya et al., 2007), (+)-mycoepoxy-
diene (5) (Cai et al., 1999), deacetylmycoepoxydiene
(6) (Shen et al., 2007) and tyrosol (7) (Capasso et al.,
1992). Compounds 3-7 were evaluated for cytotoxic
activity toward human breast cancer cell line, MCF-7.

Compound 1 with the molecular formula CqH,;,04
from HREIMS, was obtained as a colorless gum with
[0]3% +55.7° (c = 0.08, MeOH). It exhibited an UV ab-
sorption band at 213 nm while hydroxyl and carbonyl
absorption bands were found at 3127 and 1734 cm™,
respectively, in the IR spectrum. The 'H NMR spectrum
displayed signals for one oxymethine proton (5 3.93,
dd, J = 11.5 and 6.0 Hz), one set of nonequivalent
methylene protons (6 2.63, dd, J = 18.5, 6.0 Hz and &
2.41, dd, J = 18.5, 11.5 Hz) and three methyl groups (&
1.97, 1.81 and 1.22). The *C NMR spectrum consisted
of one a,b-unsaturated carbonyl (6 201.7), two olefinic
quaternary (5 152.9 and 128.2) of an unsaturated ketone,
one oxyquaternary (8 77.0), one oxymethine (5 72.6),
one methylene (6 38.2) and three methyl (6 21.3, 17.7
and 11.4) carbons. In the COSY spectrum, the oxy-
methine proton, H-5 (8 3.93), was coupled with methy-
lene protons, Hy-4 (8 2.63 and 2.41). In the HMBC
spectrum, H-5 gave 2J cross peaks with C-1 (§ 201.7)
and C-7 (0 17.7) while H,,-4 showed the same cross
peaks with C-2 (8 128.2), C-6 (5 77.0) and C-9 (5 21.3).
In addition, the methyl protons, Hs-8 (8 1.81), gave
HMBC cross peaks with C-1, C-2 and C-3 (8 152.9).
These results together with HMQC correlations of Hs-
7 6 1.22)/C-7 and H3-9 (6 1.97)/C-9 constructed a
cyclohexenone ring having a double bond at C2-C3
and the methyl groups at C-2, C-3 and C-6. The che-
mical shifts of C-5 and C-6 revealed the presence of
hydroxyl groups at both carbons. In the NOEDIFF
experiment, irradiation of H-5 affected the intensity of
the Hs-7 signal, thus indicating their cis-relationship.
Consequently, compound 1 was identified as 5,6-
Dihydroxy-2,3,6-trimethylcyclohex-2-enon, a new
cyclohexenone derivative. No attempts were made to
resolve the absolute configuration of 1 as it was
obtained in low quantity.

Dothiorelone and mycoepoxydiene derivatives dis-
played interesting cytotoxic activity (Chen et al., 2006;
Lin et al., 2005; Prachya et al., 2007; Xu et al., 2004).
The cytotoxic activity of compounds 4-6 against various
human cancer cell lines, except for MCF-7, was pre-
viously reported (Lin et al., 2005; Prachya et al., 2007).
Compounds 3-7, which were obtained in sufficient
amount, were further tested for cytotoxic activity against
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MCF-7. The results obtained in this investigation
were in agreement with previous data which revealed
that compound 5 exhibited more potent activity than
compound 6, and compound 4 was inactive. Compounds
5 and 6 gave the respective ICs values of 2.24 and
8.70 ug/mL against MCF-7. These data also supported
the previous conclusion concerning an important role
of the a,b-unsaturated lactone unit in the cytotoxic
activity (Prachya et al., 2007). Compounds 3 and 7
showed no significant activity with the ICs, value
more than 50 pg/mL.
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1. Introduction

The genus Pestalotiopsis produces a wide range of biologically
active secondary metabolites including antibacterial ambuic acid
(Ding et al., 2009), antifungal jesterone (Li and Strobel, 2001) and
anti-HIV-1 pestaloficiols (Liu et al., 2008b). In the course of our
ongoing search for bioactive substances from endophytic fungi
obtained from mangrove plants, Pestalotiopsis spp. PSU-MA92 and
PSU-MA119 were isolated from the twigs of two mangrove plants,
Rhizophora apiculata and Rhizophora mucronata, respectively.
Investigation of the broth extracts of both fungi led to the isolation
and structural elucidation of three new «-pyrone derivatives,
pestalotiopyrones A-C (1-3), two new seiricuprolides, pestalotio-
prolides A (4) and B (5), and two known compounds, seiricuprolide
(Ballio et al., 1988; Bartolucci et al., 1992), and 2’-hydroxy-3',4’-
didehydropenicillide (Kawamura et al., 2000). Compound 5 was
isolated as its diacetate derivative (6). In addition, the isolated
compound 2 was evaluated for its antibacterial and antifungal
activities.

* Corresponding author. Tel.: +66 74 288 435; fax: +66 74 558 841.
E-mail address: vatcharin.r@psu.ac.th (V. Rukachaisirikul).

2. Results and discussion

All compounds were purified using various chromatographic
techniques and their structures were elucidated by spectroscopic
data, including IR, UV, NMR and MS. Compounds 1-3 and 2'-
hydroxy-3',4’-didehydropenicillide (Fig. 1) were obtained from the
fungus PSU-MA92 whereas the remaining metabolites (4, the
diacetate derivative of 5 and seiricuprolide) were isolated from the
fungus PSU-MA119. For the known compounds, the structures
were confirmed by comparison of the 'H and '3C NMR data with
those previously reported. The relative configuration was assigned
on the basis of NOEDIFF data whereas the absolute configuration
was determined by comparison of their optical rotations with
those previously reported in the literature.

Pestalotiopyrone A (1) with the molecular formula C;4H,30g by
HREIMS was obtained as a colorless gum. The UV spectrum exhibited
maximum absorption bands at 210 and 287 nm. A hydroxyl
absorption band was found at 3410 cm~! while carbonyl ones
were observed at 1722 and 1711 cm ™! in the IR spectrum. The 'H
NMR spectrum (Table 1) displayed signals for one olefinic proton (8
7.64,d,] = 0.9 Hz), one 2-methyl-1-propenyl unit [(§ 5.69, 1H, hept,
J=12Hz),2.16(3H,d,J = 1.2 Hz)and 1.90(3H, d,J = 1.2 Hz)], one set
of oxymethylene protons (§ 5.05, 2H, s), one 1-hydroxyethyl group [§
4.81(1H, m),4.42 (1H, d,J = 4.5 Hz) and 1.40 (3H, d,J = 6.3 Hz)] and

1874-3900/$ - see front matter © 2011 Phytochemical Society of Europe. Published by Elsevier B.V. All rights reserved.

doi:10.1016/j.phytol.2011.08.008
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Fig. 1. Structures of metabolites isolated from Pestalotiopsis spp. PSU-MA92 and PSU-MA119.

one methoxyl group (§ 4.15,3H, s). The '>C NMR spectrum displayed
one typical carbonyl carbon of an a-pyrone unit (6 164.0), one ester
carbonyl (§ 165.6), four quaternary (§ 169.2,157.1,122.4and 106.1),
three methine (§ 148.6,115.3 and 62.3), one oxymethylene (§ 56.22),
one methoxy (6 61.3) and three methyl (§ 26.3, 23.2 and 19.2)
carbons. The presence of the 2-methyl-1-propenyl unit was
established by the 'H-'H COSY cross peaks from H-10 (§ 5.69) to
H3-12 (8 1.90) and H3-13 (8 2.16) as well as the 3] HMBC correlations
of H-10 with C-12 (6 26.3) and C-13 (§ 19.2) (Table 1). The olefinic
proton resonating at § 7.64 was assigned as H-6 of the a-pyrone unit
on the basis of its 3] HMBC correlations with C-2 (5 164.0) and C-4 (§
169.2). The 1-hydroxyethyl unit was attached at C-5 (§ 122.4) of the
«o-pyrone moiety because the methine proton, H-15 (§ 4.81),
displayed the 3] HMBC correlations with C-4 and C-6 (§ 148.6). The
small coupling constant (J=0.9Hz) between H-6 and H-15
supported the assigned location of the hydroxyethyl unit. In
addition, the methoxyl group was located at C-4 on the basis of
the 3] HMBC correlation from Hs-14 (§ 4.15) to C-4. The
oxymethylene protons (H,-7, 8§ 5.05) displayed the 3/ HMBC
correlations with C-2, C-4 and C-9 (§ 165.6) while the methyl
protons, H3-12 and Hs3-13, of the 2-methyl-1-propenyl unit also
exhibited the HMBC correlation with C-9. These data connected the
oxymethylene group at C-3 (§ 106.1) of the a-pyrone moiety and
further linked this group with the 2-methyl-1-propenyl unit
through an ester linkage. Signal enhancement of H-15 (6 4.81)

and H,-7 upon irradiation of H3-14 (6 4.15) in the NOEDIFF
experiment confirmed the assigned location of all substituents on
the -pyrone unit. The observed optical rotation of 1, []p2°> —44.07
(c 0.33, MeOH), was almost identical to that of taiwapyrone, [o]p??
—48.50 (c 0.33, MeOH) (Camarda et al., 1976). Consequently, the
absolute configuration at C-15 in 1 would be S, identical to that of
taiwapyrone. The new pyrone (1) was named as pestalotiopyrone A.

Pestalotiopyrone B (2), a colorless gum, possessed the same
molecular formula as 1 from HREIMS. It exhibited UV and IR
absorption bands similar to those of 1. The 'H and '>C NMR data
(Table 1) were almost identical to those of 1 except for the
replacement of signals for the 1-hydroxyethyl unit and the a-
pyrone proton (H-6) in 1 with those for one hydroxymethyl unit (&
4.46, s, 2H) and one methyl group (8 2.35, 3H, s), respectively. The
HMBC correlations of H3-16 (§ 2.35) to C-5 (6 113.1) and C-6 (6
161.9) confirmed the location of the methyl group at C-6 of the «-
pyrone unit. Irradiation of these methyl protons enhanced signal
intensity of Hp-15 (§ 4.46), thus supporting the attachment of the
1-hydroxymethyl unit at C-5. Therefore, pestalotiopyrone B had
the structure 2.

Pestalotiopyrone C (3) was obtained as a colorless gum with the
molecular formula CgH404 from HREIMS. The UV spectrum
displayed maximum absorption bands at 207 and 254 nm while
the IR spectrum showed absorption bands for an hydroxyl
(3407 cm™ ') and a conjugated ester carbonyl (1679 cm™') group.

Table 1
The NMR data for pestalotiopyrones A (1), B (2) and C (3) § in ppm, J in Hz.
Position 1 2 HMBC of 1 and 2 3 HMBC
Su dc Ou 3¢ On dc
2 164.0 s 164.4 s 167.6 s
3 106.1 s 105.0 s 105.2 s
4 169.2 s 170.5 s 1669 s
5 1224 s 113.1s 2.69 ddd (6.9, 3.6, 1.5) 409d C-4, C-9
6 7.64 d (0.9) 1486 d 1619 s C-2, C-4, C-5, C-15 a: 440dd (12.0, 1.5) 653t C-2, C-4, C-5,C-9
b: 4.28 dd (12.0, 3.6)
7 5.05 s 56.2 t 5.07 s 56.3 t C-2,C-3,C-4,C-9 1.83s 93¢ C-2,C-3,C-4
8 3.88s 56.5 q C-4
9 165.6 s 166.3 s 4.16 qn (6.9) 67.8d C-6
10 5.69 hept (1.2) 1153 d 5.68 s 1155d C-11, C-12,C-13 1.36 d (6.9) 21.0q C-5,C-9
11 1571 s 157.7 s
12 1.90d (1.2) 263 q 1.88s 27.4 q c-9, C-10, C-11, C-13
13 2.16d (1.2) 19.2 q 217 s 203 q C-9, C-10, C-11, C-12
14 4.15s 613 q 4.09 s 62.4 q C-4
15 4.81 m 62.3d 446 s 56.0 t C-4, C-5, C-6, C-16
15-OH 4.42 d (4.5)
16 1.40 d (6.3) 23.2q 235s 174 q C-5, C-15
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Table 2

The NMR data for pestalotioprolide A (4), the diacetate of pestalotioprolide B (6), the triacetate of 4 (7) and the diacetate of seiricuprolide (8).

Position 4 6 7 8 HMBC of 4, 6, 7 and 8
5H (SC 5l—l (SC (SH SC (SH (SC
1 165.6 s 1649 s 165.1 s 1653 s
2 6.26 d (15.6) 125.6d 5.95dd (15.5, 1.5) 1224d 6.46 d (15.9) 130.1d 6.13dd (15.6,1.2) 126.1d C-1,C-3,C-4,C-5
3 6.86 dd (15.6, 7.0) 143.0d 7.01dd (15.5, 4.5) 1409d 6.93dd (15.9,9.0) 136.2d 6.77dd(156,6.8) 138.5d C-1,C-2,C-4,C-5
4 473 m 719d 5.34 ddd (6.5, 4.5, 1.5) 724d 545dd(9.0,3.6) 715d 533 m 731d C-2,C-3,C-5
5 442 m 68.2d 3.25dd (6.5, 4.5) 58.0d 446dd(8.7,36) 60.8d 3.26dd(6.3,42) 589d C-3,C4,C7
6 3.59dd (7.2,2.0) 73.8d 3.22dd(8.5,4.5) 553d 497dd(8.7,24) 740d 3.02dd (84,4.2) 558d (C-4,C-5C-7,C-8
7 445 m 68.6d 514t (8.5) 73.0d 596dd(9.9,24) 672d 538t(9.6) 66.0d C-5,C-8,C9
8 5.57 m 129.0d 5.47 dd (15.5, 8.5) 1245d 5.16 t(9.9) 1229d 528 m 123.7d (-6, C-7,C-10
9 547 m 133.0d 6.16 ddd (15.5, 10.0,5.5) 139.5d 5.54td (9.9, 5.1) 136.1d 5.51td(10.1,3.0) 138.0d C-7,C-10, C-11
10 a:2.20 m 298t a:2.16 m 331t a:2.55m 304t a: 244 m 290t C-8,C-9
b: 1.95 m b: 2.06 m b: 1.87 m b: 2.05 m
11 a: 1.57 m 260t a: 1.90 m 245t a: 1.69 m 258t a: 1.75m 249t c-9, C-10, C-12, C13
b: 1.11 m b: 1.13 m b: 1.13 m b: 1.17 m
12 a:1.84 m 350t a: 1.80 m 344t a:1.85m 348 t a:1.81m 333t C-10, C-11, C-13
b: 1.49 m b: 1.56 m b: 1.51 m b: 1.43 m
13 5.02 m 732d 4.78 dqd (10.0, 6.0, 2.0) 723d 501m 742d 498 m 729d C-1,C-11,C-12,C-14
14 1.30d (6.3) 206 q 1.27 d (6.0) 202 q 1.32d (6.3) 20.7 q 1.21d (6.3) 198q C-12,C-13
CH5CO 2.205,2.20s 169.8 s 2.125s,2.14s, 169.7s 2.02s,2.07 s 169.3 s
20.7 q 217 s 205 q 208 q
169.9 s 169.4 s 169.8
212q 208 q 21.0s
1705 s
209 q

The 'H NMR spectrum (Table 1) contained signals for one set of
nonequivalent oxymethylene protons [§ 4.40 (dd, J=12.0 and
1.5Hz) and 4.28 (dd, J=12.0 and 3.6 Hz), each 1H], one
oxymethine proton (§ 4.16, gqn, J=6.9 Hz), one methoxyl group
(8 3.88, s), one methine proton (§ 2.69, ddd, J = 6.9, 3.6 and 1.5 Hz)
and two methyl groups (§ 1.83, s and 1.36, d, J = 6.9 Hz, each 3H).
The '>C NMR spectrum displayed one typical carbonyl carbon of an
o, B-unsaturated ester moiety (6 167.6), two quaternary (6 166.9
and 105.2), one oxymethine (§ 67.8), one oxymethylene (§ 65.3),
one methoxy (6 56.5), one methine (§ 40.9), and two methyl (§ 21.0
and 9.3) carbons. The methyl protons at 8;; 1.83 (H3-7) gave the 3|
HMBC correlations with C-2 (§ 167.6) and C-4 (8 166.9) while the
methoxy protons at § 3.88 (Hs3-8) showed the same correlation
with C-4 (Table 1). These data indicated the attachment of the
methyl and methoxyl groups at C-3 (§ 105.2) and C-4, respectively.
The following 'H-'H COSY correlations: H-5 (8 2.69)/H.,-6 (8 4.40
and 4.28) and H-9 (§ 4.16) and H3-10 (§ 1.36)/H-9, as well as the
HMBC correlations of H-5/C-4 and H,,-6/C-2, constructed a 5,6-
dihydropyrone having a 1-hydroxyethyl unit at C-5 (§ 40.9). H-5
was located at the pseudoequatorial position according to its small
coupling constants of 3.6 and 1.5 Hz with H,,-6. Signal enhance-
ment of H-9 and H3-8 upon irradiation of H-5 in the NOEDIFF
experiment indicated the close proximity of H-5 and H-9. The
absolute configuration of 3 was not determined due to the
insufficient amount. Consequently, pestalotiopyrone C (3) was
identified as a new 5,6-dihydropyrone derivative.
Pestalotioprolide A (4) with the molecular formula C;4H»,0¢ by
HREIMS was obtained as a colorless gum. It exhibited UV and IR
absorption bands similar to those of seiricuprolide. The 'H and '3C
NMR data (Table 2) were similar to those of seiricuprolide. The
major differences were the replacement of signals for a cis-
epoxymethine unit (6 3.23 and 3.01, § 62.6 and 58.9) in
seiricuprolide (Ballio et al., 1988) with those of two hydro-
xymethine units (5§ 4.42 and § 3.59, § 68.2 and 73.8) in 4. The HMBC
correlations of H-5 (& 4.42)/C-3 (§ 143.0), C-4 (6 71.9) and C-7 (8§
68.6) and those of H-6 (§ 3.59)/C-4, C-5 (6 68.2), C-7 and C-8 (8§
129.0) (Table 2) supported the above conclusion. The appearance
of hydroxymethine protons in 4 as multiplets and the NOEDIFF
results provided inadequate data to establish their relative
configurations. To overcome this problem, an acetate derivative

of 4 (7) was prepared. The 'H NMR data of 7 (Table 2) were almost
identical to those of 4 except for the appearance of signals for three
oxymethine protons, H-4 (8 5.45, dd, J=9.0 and 3.6 Hz), H-6 (8
4.97,dd,J = 8.7 and 2.4 Hz) and H-7 (§ 5.96, dd, ] = 9.9 and 2.4 Hz),
with well-defined multiplicities at a much lower field as well as
three additional singlets for three acetoxyl groups, éy 2.12, 2.14
and 2.17. These results indicated that the 5-OH was intact. In
addition, H-4, H-5, H-6 and H-7 were assigned at equatorial, axial,
axial and equatorial, respectively, on the basis of the following
coupling constants; Js5=3.6Hz, Js56=8.7Hz and Js;=2.4Hz
Irradiation of H-5 (6 4.46) in the NOEDIFF experiment of the
triacetate 7 enhanced the signal intensity of H-4 (§ 5.45), while
irradiation of H-7 (8 5.96) affected the signal intensity of H-6 (8
4.97) (Fig. 2). These results confirmed cis-relationship of H-4/H-5
and H-6/H-7 as well as trans-relationship of H-5/H-6. As 4 and
seiricuprolide were co-metabolites, we proposed that the absolute
configurations at C-4, C-7 and C-13 in 4 would have R, S and S
configurations, respectively, identical to those of seiricuprolide.
Thus, both C-5 and C-6 would possess R-configuration. Further-
more, the observed optical rotation of 4, [«]p?’ —18.1 (¢ 0.15,

Fig. 2. NOEDIFF data of the triacetate of pestalotioprolide A (7).
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CHCl3), was similar to that of the 5R,6R-bromohydrin derivative of
seiricuprolide, [a]p?®> —16.0 (c 0.15, CHCl;) (Ballio et al., 1988;
Bartolucci et al., 1992), thus supporting the assigned absolute
configurations. Therefore, pestalotioprolide A (4) was a new 5R,6R-
dihydroxy derivative of seiricuprolide.

Pestalotioprolide B (5) was isolated as a diacetate derivative (6)
due to difficulty in the separation of 5 from seiricuprolide.
Compound 6 was assigned to have the molecular formula C;gH»40-
by HREIMS. It exhibited UV and IR absorption bands similar to
those of the diacetate derivative of seiricuprolide (8). Their 'H NMR
data (Table 2) were almost identical except for the replacement of
signals for two cis-olefinic protons (§ 5.51, td, J=10.1 and 3.0 Hz,
H-9 and 5.28, m, H-8) in 8 with those for two trans-olefinic protons
(§6.16,ddd,J=15.5,10.0 and 5.5 Hz, H-9 and 5.47,dd,J = 15.5 and
8.5 Hz, H-8). This conclusion was confirmed by the 3] HMBC
correlations of H-8/C-6 (§ 55.3) and C-10 (8 33.1) and those of H-9/
C-7 (8 73.0) and C-11 (§ 24.5). The observed optical rotation of 6,
[a]D25 +69.9 (c 1.45, CHCl3), was almost identical to that of
seiricuprolide, [a]p?® +67.2 (¢ 1.45, CHCl5) (Ballio et al., 1988) and
8, []p?® +65.8 (¢ 1.45, CHCls), indicating that 6 possessed identical
absolute configurations to seiricuprolide. Therefore, pestalotio-
prolide B (5), the precursor of 6, differed from seiricuprolide in the
configuration of the C8-C9 double bond.

Compound 2 was the only one obtained in amounts sufficient for
antibacterial testing against Staphylococcus aureus ATCC25923 and a
methicillin S. aureus clinical isolate as well as for antifungal activity
against Candida albicans NCPF3153, Cryptococcus neoformans
ATCC90113 and Microsporum gypseum clinical isolate. Unfortunate-
ly, it exhibited no activity against any of these human pathogens.

The fungi of the genus Pestalotiopsis have produced various
bioactive metabolites of polyketide and terpenoid types (Deyrup
et al., 2006; Ding et al., 2008; Lee et al., 1996; Li and Strobel, 2001;
Liu et al., 2008a; Pulici et al., 1996a, 1996b; Strobel, 2003; Strobel
et al, 1996, 2002, 2004). However, there have been only two
reports on the isolation of chromones (Xu et al., 2009a), coumarins
and cytosporones (Xu et al., 2009b) from two mangrove-derived
Pestalotiopsis sp., isolated from the Chinese mangrove R. mucro-
nata. This is the first report on 14-membered lactones and o-
pyrones from Pestalotiopsis sp., isolated from the mangrove plants.

3. Experimental
3.1. General experimental procedures

Optical rotations were measured on a JASCO P-1020 polarime-
ter. Infrared spectra (IR) were recorded on a Perkin-Elmer 783 FTS
165 FT-IR spectrometer. Ultraviolet (UV) absorption spectra were
measured in MeOH on a Shimadzu UV-160A spectrophotometer.
TH and '3C NMR spectra were recorded in CDCl; on a 300 or a
500 MHz Bruker FTNMR Ultra Shield spectrometer. Mass spectra
were obtained on a MAT 95 XL mass spectrometer (Thermo-
finnigan). Thin-layer chromatography (TLC) and precoated TLC
(PTLC) were performed on silica gel GF,s¢ (Merck). Column
chromatography (CC) was carried out on silica gel (Merck) type 60
(230-400 mesh ASTM) or type 100 (70-230 mesh ASTM), or
Sephadex LH-20 with MeOH or on reverse phase silica gel C-18
with a gradient system of MeOH-H,O.

3.2. Fungal material

The mangrove-derived fungus Pestalotiopsis sp. PSU-MA92
(GenBank accession number GU592002) was isolated from a twig
of R. apiculata, collected from Trang province, Thailand in 2006
while Pestalotiopsis sp. PSU-MA119 (GenBank accession number
HQ187633) was obtained from a twig of R. mucronata, collected
from Satun province, Thailand in 2007. These fungi were deposited

as PSU-MA92 and PSU-MA119 at the Department of Microbiology,
Faculty of Science, Prince of Songkla University and as BCC 35918
and BCC 42020 at the National Center for Genetic Engineering and
Biotechnology (BIOTEC) Culture Collection, Thailand.

3.3. Fermentation, extraction and isolation

The mangrove-derived fungus Pestalotiopsis sp. PSU-MA92 was
grown on potato dextrose agar at 25 °C for 5 days. Three pieces
(0.5cm x 0.5 cm) of mycelial agar plugs were inoculated into
500 ml Erlenmeyer flasks containing 300 ml of potato dextrose
broth at room temperature for 4 weeks. The culture (151) was
filtered to give the filtrate and mycelia. The filtrate was divided into
30 portions. Each portion was extracted three times with EtOAc.
The combined EtOAc extracts were dried over anhydrous Na,SO4
and evaporated to dryness under reduced pressure to afford a
broth extract (278.8 mg) as a dark brown gum. The crude extract
was fractionated by CC over Sephadex-LH 20 to give four fractions
(A-D). Fraction B (87.9 mg) was purified by CC over reverse phase
silica gel using 50% methanol in water as a mobile phase to yield
five subfractions (B1-B5). Subfraction B2 (4.2 mg) was further
purified by PTLC with 10% ethyl acetate in chloroform as a mobile
phase (10 runs) to give 3 (1.4 mg). Subfraction B3 was further
separated by CC over silica gel with 30% ethyl acetate in petroleum
ether as a mobile phase to give 1 (1.2 mg) and 2 (11.7 mg). Fraction
C(68.1 mg) was purified using the same procedure as fraction B to
yield four subfractions (C1-C4). Subfraction C2 (9.2 mg) was
further purified by CC over Sephadex LH-20 to afford four
subfractions. The third subfraction was further purified by PTLC
with 3% methanol in dichloromethane as a mobile phase (6 runs) to
give 2'-hydroxy-3',4’-didehydropenicillide (2.2 mg). The crude
extract of the fungus PSU-MA119 (976 mg) was prepared using
the same procedure as that of the fungus PSU-MA92 to afford a
dark brown gum (976 mg). It was fractionated by CC over
Sephadex LH-20 to give five fractions (A-E). Fraction C
(501.2 mg) was purified by CC over reverse phase silica gel using
50% methanol in water as a mobile phase to yield four subfractions
(C1-C4). Subfraction C2 (79.3 mg) was further separated by flash
CC over silica gel with 40% ethyl acetate in petroleum ether as a
mobile phase to afford five subfractions (C21-C25). Seiricuprolide
(2.1 mg) was obtained from subfraction C22. Subfraction C23
(14.0 mg) was further subjected to an acetylation reaction (Ac,0 in
pyridine at room temperature, overnight). After work up, the
reaction mixture was obtained as a yellow gum (24.9 mg). It was
further purified by flash CC over silica gel with 10% acetone in
petroleum ether as a mobile phase to yield three subfractions.
Compounds 7 (3.9 mg) and 8 (3.3 mg) were obtained from the first
and the second subfractions, respectively. The third subfraction
(4.7 mg) was further purified by PTLC to give 6 (2.0 mg).
Compound 4 (1.8 mg) was obtained from subfraction C24.

3.4. Pestalotiopyrone A (1)

Colorless gum. [a]p2® —44.07 (c 0.33, MeOH). UV A" nm
(log £): 210 (3.96), 287 (3.40). FT-IR vmay™ cm~': 3410, 1722,
1711. 'H and '3C NMR (Acetone-dg) data see Table 1. EIMS m/z (%
relative intensity): 282 (1), 199 (100), 183 (28), 153 (9), 139 (10),
83 (54). HREIMS m/z 282.1104 [M]* (calcd for C,4H;50¢, 282.1103).

3.5. Pestalotiopyrone B (2)

Colorless gum. UV AmaMe°" nm (log ¢): 212 (3.54), 273 (3.79).
FT-IR Vimax™®® cm™!: 3414, 1720, 1712. 'H and 3C NMR (CDCls)
data see Table 1. EIMS m/z (% relative intensity): 282 (1), 199 (100),
183 (28), 153 (9), 139 (10), 83 (54). HREIMS m/z 282.1097 [M]*
(Calcd for C14H]805, 2821103)
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3.6. Pestalotiopyrone C (3)

Colorless gum. [a]p?® +38.2 (¢ 1.0, CHCl3). UV AaMOH nm
(log £): 207 (3.03), 254 (3.45). FT-IR Vg™ cm™': 3407, 1679. 'H
and '3C NMR (CDCl;) data see Table 1. EIMS m/z (% relative
intensity): 186 (7), 142 (100), 124 (24), 109 (19), 97 (10). HREIMS
m/z 186.0901 [M]* (calcd for CoHy404 186.0892).

3.7. Pestalotioprolide A (4)

Colorless gum. [a]p?” —18.1 (c 0.15, CHCl5). UV Ama,M°" nm
(log €): 208 (3.66). FT-IR Va3t cm~!: 3404, 1722. 'H and '3C
NMR (CDCl3) data see Table 2. EIMS m/z (% relative intensity): 286
(1),251(7),144 (23),125(61),109 (67),95 (66), 81 (100). HREIMS
m/z 268.1302 [M-H,0]" (calcd for C14H300s, 268.1311).

3.8. The diacetate derivative of 5 (6)

Colorless gum. [a]p2® +69.9 (c 1.45, CHCl3). UV AmaxM°H nm
(log &): 208 (3.60). FT-IR Vmax™t cm~': 1715. 'H and '*C NMR
(CDCl3) data see Table 2. EIMS m/z (% relative intensity): 352 (1),
310 (7), 268 (6), 250 (28), 167 (54), 126 (53), 97 (83), 81 (100).
HREIMS m/z 310.1417 [M-C,H,0]" (calcd for C16H,,06, 310.1416).

3.9. The triacetate derivative of 4 (7)

Colorless gum. [a]p%® —11.9 (¢ 1.0, CHCl5). UV AmaMe©H nm
(log €): 208 (3.69). FT-IR Vmax™3t cm~1: 3372, 1738. 'H and '3C
NMR (CDCl3) data see Table 2.

3.10. The diacetate derivative of seiricuprolide (8)

Colorless gum. [a]p?® +65.8 (¢ 1.45, CHCl3). UV AmaxM°H nm
(log £): 208 (3.61). FT-IR vymax™® cm~': 1734. 'H and '3C NMR
(CDCl3) data see Table 2.

3.11. Antimicrobial assays using a colorimetric broth microdilution
test (CLSI, 2002a,b,c; Drummond and Waigh, 2000)

The pure compound (200 pg/ml) was preliminarily tested
against all the test microorganisms by a colorimetric broth
microdilution test. A stock solution (10 mg/ml) was diluted with
Mueller-Hinton broth (MHB) for bacteria and RPMI for fungi to
400 pg/mland 50 plofeach test solution was pipetted into 3 wells of
a96 well plate. 50 pl of each inoculum was added to the test solution
and incubated at 35 °Cfor 15 h(S. aureus, MRSA and C. albicans), 25 °C
for 45 h (C. neoformans) and 25 °C for 6 days (M. gypseum). Then,
10 w1 of 0.18% resazurin was added into each well and further
incubated for another 2-3 h for S. aureus, MRSA, C. albicans and C.
neoformans and 1 day for M. gypseum. Vancomycin, amphotericin B
and miconazole were used as positive controls for S. aureus and
MRSA, C. albicans and C. neoformans, and M. gypseum, respectively.
The color change was then observed visually. A blue or purple color of
the wells indicated inhibition of growth (positive result). Any color
changes from purple to pink or colorless were recorded as negative
result. Vancomycin, amphotericin B and miconazole exhibited the
MIC values of 1, 0.25 and 1 pg/ml, respectively.
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ABSTRACT: Three new sesquiterpenes, named aspergillu-
senes A (1) and B (2) and (+)-(7S)-7-O-methylsydonic acid
(3), and two new hydrogenated xanthone derivatives, named
aspergillusones A (4) and B (5), were isolated from the sea fan-
derived fungus Aspergillus sydowii PSU-F154 together with 10
known compounds. Their structures were identified on the
basis of spectroscopic data. The isolated compounds were
evaluated for their antioxidant activity.

€ Me_ OMe %
Me R3 Ry
OH 4:R; = f-H, Ry + Ry = double bond Ry=H
HO 5:Ry=a-OH,R;=R3=H, R =

Many biologically active secondary metabolites have been
isolated from the genus Aspergillus." During our ongoing
search for biologically active metabolites from marine-derived
fungi, the broth EtOAc extract of Aspergillus sydowii PSU-
F154, isolated from a gorgonian sea fan of the genus Annella,
exhibited antioxidant activity in the 1,1-diphenyl-2-picrylhy-
drazyl (DPPH") scavenging assay. Investigation of the EtOAc
extract led to the isolation and structure determination of three
new sesquiterpenes, aspergillusenes A (1) and B (2) and
(+)-(7S)-7-O-methylsydonic acid (3), and two new hydroge-
nated xanthone derivatives, aspergillusones A (4) and B (5),
along with 10 known compounds, including one sesquiterpene
(6), two hydrogenated xanthones (7, 8), five xanthones
(including 9—11), one diketopiperazine alkaloid, and one
phenol. Their antioxidant activity was examined with the
DPPH?" assay.
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All compounds were purified using various chromatographic
techniques, and their structures were elucidated by interpretation
of spectroscopic data, including IR, UV, NMR, and MS. For the
10 known compounds, the structures were confirmed by com-
parison of the "H and "*C NMR data with those previously
reported. They were identified as (+)-(7S)-sydonic acid (6),>
(7R 8R)-AGI-B4 (7),> (7R,8R)-0-diversonolic ester (8),*° meth-
yl 8-hydroxy-6-methyl-9-oxo-9H-xanthene-1-carboxylate (9),°
sydowinins A (10) and B (11),” pinselin,® methyl 1,6-dihydroxy-
3-methyl-9- -oxo- 9H xanthene 1 carboxylate,” (llS 14S)-cyclo-
(1-Trp-L-Phe)," and orcinol."!

Aspergillusene A (1) was isolated as a colorless gum with the
molecular formula C;sH,,0, assigned from HREIMS data. The
UV spectrum displayed absorption bands at 228 and 270 nm,
characteristic of an aromatic chromophore. The IR spectrum
exhibited absorption bands for hydroxy and double-bond func-
tionalities at 3313 and 1635 cm™ ', respectively. The 'H NMR
spectrum (Table 1) showed characteristic signals for three aro-
matic protons of a 1,2,4-trisubstituted benzene [0y 7.07 (d, ] =
7.8 Hz), 6.92 (d, ] = 1.5 Hz), and 6.87 (dd, ] = 7.8 and 1.5 Hz)],
an isopentyl moiety [0y 2.32 (q,] = 7.2 Hz), 1.60 (m), 1.34 (m),
and 0.93 (d, ] = 6.6 Hz)], one hydroxy proton (0 5.69, brs), one
olefinic proton of a trisubstituted double bond (0 5.55, tq, | =
7.2 and 1.2 Hz), one hydroxymethyl group (4 4.62, s), and one
methyl group (dg 1.98, d, J = 1.2 Hz). Three aromatic protons
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Table 1. "H and "*C NMR Data for Aspergillusenes A (1) and B (2) and (+)-(7S)-7-O-Methylsydonic Acid (3)
1 2
position O Ou m (], Hz) O Oy m (], Hz) ¢ Ou m (], Hz)
1-OH 152.1,C 5.69, brs 156.1, C 8.96, s
2 113.8, CH 6.92,d (1.5) 1588, C 118.6, CH 749,
3 141.1, C 110.0, C 1299, C
3a 1356, C
4 118.6, CH 6.87,dd (7.8, 1.5) 1182, CH 7.37,d (8.1) 1212, CH 7.49,d (8.5)
128.5, CH 7.07,d (7.8) 1242, CH 7.89,d (8.1) 127.5, CH 7.03,d (8.5)
130.5, C 135.6, C 133.8,C
131.6,C 1127, CH 8.04, s 83.0,C
7a 1532, C
8 132.1, CH 5.55,tq (7.2, 1.2) 24.5, CH, 2.67,t(7.5) 39.8, CH, 1.77, m
175, m
9 264, CH, 2.32,q(7.2) 36.9, CH, 1.55, m 21.6, CH, 127, m
1.05, m
10 38.6, CH, 134, m 277, CH 149, m 39.0, CH, 1.0, m
11 27.8, CH 1.60, m 223, CH, 0.86, d (6.0) 27.8, CH 142, m
12 22.5, CH, 093, d (6.6) 223, CH, 0.86, d (6.0) 22.5, CH; 0.75,d (6.5)
13 22.5, CH, 093, d (6.6) 7.8, CH, 210, s 22.5, CH; 075, d (6.5)
14 17.9, CH, 1.98,d (1.2) 172.0, C 169.4, C
15 65.1, CH, 462, 222, CH, 1.55,s
16 50.6, CH, 3.16,s

. '3 33 _OH

\(Me

12

Figure 1. Selected HMBC correlations for compounds 1 and 2.

resonating at Oy 7.07, 6.92, and 6.87 were assigned as H-S, H-2,
and H-4, respectlvely, on the basis of their multiplicities, coupling
constants, and °] HMBC correlations: H-2/C-4 (O 118.6)
and C-6 (O¢ 130.5); H-4/C-2 (O¢ 113.8) and C-6; H-5/C-1
(d¢ 152.1) and C-3 (¢ 141.1) (Figure 1). The substituent at
C-1 of the 1,2,4-trisubstituted benzene ring was identified as a
hydroxy group according to the chemical shift of C-1. The
hydroxymethylene protons, H,-15 (dy 4.62), showed HMBC
correlations with C-2, C-3, and C-4, suggesting that the hydro-
xymethyl unit was located at C-3 of the benzene ring. Signal
enhancement of H-2 and H-4 after irradiation of H,-15 in the
NOEDIFF experiment supported the assigned locatlon The
isopentyl unit was established according to the following "H—"H
COSY and HMBC correlations: H,-10 (dy 1.34)/H,-9 (dy
2.32) and H-11 (dy 1.60); H-11/H5-12 (g4 0.93) and H;-13
(011 0.93); H,-9/C-10 (8¢ 38.6) and C-11 (0 27.8); H-11/C-9
(0¢26.4), C-12,and C-13; and H3-13/C-10, C-11, and C-12. In
the '"H—'H COSY spectrum, the methylene protons, H,-9, of
the isopentyl unit showed a cross-peak with the olefinic proton,
H-8 (dy 5.55), which was further coupled with the methyl
protons, H3-14 (Oy 1.98), with a small coupling constant of
1.2 Hz. These data as well as the HMBC correlations of Hs-14
with C-7 (O¢ 131.6) and C-8 (O¢ 132.1) established a 2-sub-
stituted 6-methyl-2-heptenyl fragment. This fragment was at-
tached at C-6 of the benzene ring on the basis of the HMBC

correlations of H-8 and H;-14 with C-6. The configuration of the
double bond in the heptenyl unit was assigned as E according to
signal enhancement of H,-9 upon irradiation of H;-14 in the
NOEDIFF experiment. Therefore, aspergillusene A had the
structure 1.

Aspergillusene B (2), a colorless gum, had the molecular for-
mula C;sH;305, which was determined by HREIMS. The UV
spectrum revealed the presence of a benzofuran chromophore at
219,250, 266,295, and 303 nm."? The IR spectrum was similar to
that of 1 with an additional absorption band for a carbonyl group
of a carboxylic acid at 1721 ecm™". A carbonyl resonance at
d¢ 172.0 in the *C NMR spectrum (Table 1) supported the IR
data. The "H NMR spectrum (Table 1) was similar to that of 1.
The differences were the downfield shift of all aromatic protons,
H-4 (0y 7.37), H-5 (g 7.89), and H-7 (dy 8.04), and the
disappearance of signals for olefinic, hydroxy, and hydroxymethyl
protons in 2. In the ">C NMR spectrum, the replacement of the
hydroxymethyl carbon in 1 with the carboxyl carbonyl carbon,
C-14 (0¢ 172.0), in 2 revealed that the hydroxymethyl group in 1
was oxidized to the carboxylic acid in 2. The *] HMBC correla-
tions of H-S and H-7 with C-14 (Figure 1) confirmed the assign-
ment. In addition, the 2-substituted 6-methyl-2-heptenyl side
chain and 1-OH in 1 formed an ether linkage between C-2
(O¢ 158.8) and C-7a (O¢ 153.2) in 2 to form a benzofuran
moiety. The HMBC correlations of the methyl protons, H3-13
(85 2.10), with C-2, C-3 (3¢ 110.0) and C-3a (O 135.6) and
those of H,-8 (Jy 2.67) with C-2 and C-3 established the lo-
cation of the methyl and isopentyl groups at C-3 and C-2 of the
benzofuran unit, respectively. Consequently, aspergillusene B
(2) was assigned as a cyclized benzofuran derivative of 1.

(+)-(7S)-7-O-Methylsydonic acid (3) was obtained as a color-
less gum. The molecular formula was assigned as C;sH,404
through analysis of its HREIMS spectrum. The UV (230 and

1664 dx.doi.org/10.1021/np200374j |J. Nat. Prod. 2011, 74, 1663-1667



Journal of Natural Products

Table 2. 'Hand "*C NMR Data for Aspergillusones A (4) and
B (s)

4 S
position ¢ Oy m (J, Hz) e Oy m (], Hz)

1.OH  1603,C 12.30, s 160.7,C 1197, s

2 112.4,CH  6.63, brs 108.9, CH 676, s

3 1472,C 151.0,C

4 107.5,CH  6.71, brs 1043, CH 6.94, s

4a 155.6,C 156.0,C

s 123.0,CH 645, d (10.0) 260,CH,  296,m
2.87, m

6 1378,CH  6.61,dd (10.0,50) 242,CH,  23Lm
221, m

7 65.2,CH 4.87, m 72.7,CH 4.09, dd

(10.5, 4.0)

8 44.9,CH  429,d(3.5) 76.0,C

8a 110.1,C 117.0,C

9 181.0,C 180.0,C

9% 108.9,C 116.8,C

10a 158.5,C 1672,C

11 22.4,CH; 241, brs 64.4,CH, 4.76, brs

12 1709,C 1720, C

13 52.8,CH; 3.73,s 53.3,CH;3 3.85,s

283 nm) and IR (3400 and 1720 cm ') absorption bands
revealed the presence of a benzoic acid.” Its "H NMR data
(Table 1) were comparable with those of 6> except for an
additional signal for a methoxy group (Oyy 3.16, s). The presence
of the methoxy group was supported by a resonance at ¢ 50.6 in
the ">*C NMR and DEPT spectra. A HMBC correlation from
the methoxy protons, H-16 (0 3.16), to C-7 (O¢ 83.0) revealed
the replacement of the hydroxy group in 6 with the methoxy
group in 3. The observed specific rotation of 3, [0(] 20042 (c 1.9,
MeOH), which correlated well with that of 6, [a]*°p +2.7 (¢ 2.3,
MeOH), indicated that C-7 in 3 has the S configuration, identical
to that of 6. Therefore, 3 was identified as a methyl ether
derivative of 6.

Asspergillusone A (4) was obtained as a colorless gum with
[a]*p —1 (c 0.4, MeOH). The UV and IR spectra were almost
identical to those of 7.> The HREIMS data supported the molecular
formula C;¢H;40¢, one oxygen atom less than that of 7. The 'H
and "*C NMR data (Table 2) of 4 were comparable to those of 7
except for the appearance of a signal for the aromatic methyl group
(O 241 and O¢ 22.4) in 4, instead of the hydroxymethyl signal
(Og 4.67 and O¢ 64.3) in 7. The location of the methyl group at
C-3 (O¢ 1472) was confirmed by the HMBC correlations of
the methyl protons, Hs-11, with C-2 (O¢ 1124), C-3 and C-4
(O¢ 107.5) as well as signal enhancement of H-2 (0y; 6.63) and H-4
(0y 6.71) upon irradiation of H3-11 in the NOEDIFF experiment.
The relative configuration of ring A in 4 was assigned as trans,
identical to that of 7 according to their similar coupling constants
(4:Js7=50Hzand J,3=3.5Hz; 7: Js» =4.8 Hzand ], s = 3.6 Hz).
Irradiation of H-7 in the NOEDIFF experiment did not affect signal
intensity of H-8, supporting their trans orientation. The observed
specific rotation of 4 was almost identical to that of 7, [ct] 35 —16
(c 0.4, MeOH),? indicating that they have the same absolute
configuration at C-7 and C-8. Consequently, aspergillusone A
(4) was the 11-deoxy derivative of 7.

The molecular formula of aspergillusone B (5) was established
by analysis of its HREIMS data as C;4sH;40g. The UV and IR
spectra were almost identical to those of 8.* Its '"H NMR
spectrum (Table 2) differs from that of 8° by the replacement
of the aromatic methyl signal in 8 with a hydroxymethyl signal
(0g 4.76, brs) in S. The HMBC correlations of the hydroxy-
methyl protons, H,-11 (dy 4.76), with C-2 (O¢ 108.9), C-3
(0¢ 151.0), and C-4 (O 104.3) as well as signal enhancement
of both H-2 (Oy 6.76) and H-4 (O 6.94) upon irradiation of
H,-11 in the NOEDIFF experiment supported the attachment of
the hydroxymethyl group at C-3. The coupling constants of 10.5
and 4.0 Hz between H-7 (011 4.09) and H,,-6 (051 2.31 and 2.21)
showed the pseudoaxial position of H-7, identical to that (H-7,
Oy 4.08, dd, ] = 10.5 and 3.5 Hz) in 8, thus suggesting the
same relative configuration. The configurations of both C-7 and
C-8 were proposed as R, identical to that of 8, on the basis of
above data and the same signs of their specific rotations: S,
[a]*p —46.3 (0.2, CHCL,); 8, [a]**p —22.6 (c0.23, CHCl;).*
Accordingly, aspergillusone B (5) was determined as the
1-hydroxy derivative of 8.

The isolated compounds 1—3, 7—11, and (115,14S)-cyclo-(1-
Trp-L-Phe) were subjected to a DPPH" assay. Among them, only
the dihydroxanthone 7 showed antioxidant activity, with an ICsq
value of 17 1M, while the remaining compounds were inactive. This
dihydroxanthone derivative (7), however, was much less effective
than the standard butylated hydroxyanisole (ICs, = 0.13 #M). The
dihydroxanthone 7 and the xanthone 11 are structurally similar,
with three hydroxy groups being at the same positions (C-1, C-7,
and C-11). However, 7 differed from 11 in the absence of a
double bond at the C7—C8 position, indicating that the planar
structure in 11 might decrease the antioxidant activity.

Investigation of the sea fan-derived fungus A. sydowii PSU-
F154 led to the isolation of 15 compounds, including three new
sesquiterpenes (1—3) and two new dihydroxanthones (4, ).
The xanthone derivatives have a right-hand ring structurally
similar to the co-isolated orcinol. So far, there have been only
two reports on compounds of this type isolated from marine-
derived Aspergillus spp.">'* Furthermore, only five phenolic
bisabolane sesquiterpenes, for example, 6, have been obtained
from a marine-derived Aspergillus sp.'> Consequently, com-
pounds 1—3 are new members of bisabolane-type sesquiterpenes
and are derived via the same biosynthetic pathway as the co-
occurring metabolite 6.

B EXPERIMENTAL SECTION

General Experimental Procedures. Optical rotations were
measured on a JASCO P-1020 polarimeter. Ultraviolet spectra (UV) were
measured in MeOH with an UV-160A Shimadzu spectrophotometer.
Infrared spectra (IR) were recorded on a Perkin-Elmer 783 FTS 165
FT-IR spectrometer. "H and '*C NMR spectra were recorded in CDCl,
on a 300 or 500 MHz Bruker FTNMR Ultra Shield spectrometer using
tetramethylsilane (TMS) as an internal standard. Mass spectra were
obtained on a MAT 95 XL mass spectrometer (Thermo Finnigan).
Solvents for extraction and chromatography were distilled at their boiling
point range prior to use except for EtOAc and light petroleum, which
were analytical grade reagents. Thin-layer chromatography (TLC) and
precoated TLC (PTLC) were performed on silica gel GF,s4 (Merck).
Column chromatography (CC) was carried out on silica gel (Merck)
type 100 (70—230 Mesh ASTM) with a gradient system of MeOH—
CH,Cl,, on Sephadex LH-20 with MeOH, or on reversed-phase silica
gel C-18 with a gradient system of MeOH—H,O, or as otherwise stated.
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Fungal Material and Identification. The marine-derived fungus
A. sydowii PSU-F154 was isolated from a sea fan, Annella sp., collected
from the coastal area in Suratthani Province, Thailand, in 2006. This
fungus was deposited as PSU-F154 at the Department of Microbiology,
Faculty of Science, Prince of Songkla University, and as BCC 28785 at
the National Center for Genetic Engineering and Biotechnology
(BIOTEC) Culture Collection, Thailand.

The fungus PSU-F154 was identified on the basis of its morphological
and molecular characteristics. Colonies on potato dextrose agar at 25 °C
grew slowly, reaching 20—25 mm in diameter after 7 days, velvety to
rather floccose. Colony color is blue-green and edge of colony is white.
Conidiophores are upright, simple, terminating in a globose conidial
head bearing phialides, which are the characteristics of the genus
Aspergillus."® The analysis of the DNA sequences of the internal tran-
scribed spacer (ITS1-5.8S-ITS2) regions of its rRNA gene revealed that
the PSU-F154 ITS sequence (GenBank accession no. JN123448)
matched with three A. sydowii sequences from GenBank (HQ637369,
FR733849, and FR733845) with sequence identity of 99.7%, respec-
tively. This sea fan-derived fungus was then identified as A. sydowii.

Fermentation, Extraction, and Isolation. The EtOAc extract
from the culture broth was prepared using the same procedure described
previously.'” The broth EtOAc extract was obtained as a brown gum in
1.7 g. It was fractionated over Sephadex LH-20 to give five fractions
(A—E). Separation of fraction B (573.6 mg) using Sephadex LH-20 CC
afforded four fractions (B1—B4). Fraction B2 (501.3 mg) was further
purified by CC over reversed-phase silica gel to give five fractions
(B21—B25). Compound $ (1.0 mg) was obtained from fraction B21
(23.5 mg) after purification by silica gel CC followed by PTLC with 40%
EtOAc—light petroleum. Separation of fraction B22 (45.2 mg) using
silica gel CC gave three fractions. The third fraction (4.7 mg) was further
purified by PTLC using 1% MeOH—CH,Cl, as a mobile phase to
furnish 8 (3.1 mg). Fraction B24 (61.1 mg) was separated by CC over
silica gel to give 1 (8.4 mg) and 2 (4.0 mg). Purification of fraction B25
(4.8 mg) by PTLC with 40% EtOAc—light petroleum yielded 3 (2.9 mg)
and 6 (1.2 mg). Compound 4 (1.1 mg) was obtained from fraction B3
(57.3 mg) after purification by silica gel CC followed by PTLC with 10%
EtOAc—CH,Cl,. Purification of fraction B4 (5.1 mg) by PTLC using 5%
EtOAc—light petroleum afforded 10 (3.3 mg). Fraction C (630.1 mg)
was separated using CC over reversed-phase silica gel to furnish six
fractions (C1—C6). Fraction C1 (69.0 mg) was further purified by silica
gel CC to give three fractions. The second fraction contained orcinol
(3.0 mg). Purification of fraction C3 (26.3 mg) using CC over silica gel
yielded (11S,14S)-cyclo-(L-Trp-L-Phe) (6.2 mg). Compound 9 (2.8 mg)
was obtained from fraction CS (35.6 mg) after purification with silica gel
CC. Fraction D (269.6 mg) was subjected to CC over silica gel to afford
six fractions (D1—D6). Fraction D2 (8.2 mg) was further purified by
PTLC using 30% EtOAc—light petroleum to furnish pinselin (0.9 mg).
Compound 7 (3.4 mg) was obtained from fraction D4 (7.3 mg) after
purification by PTLC with 40% EtOAc—light petroleum. Fraction D6
contained 11 (20.0 mg). Fraction E (169.5 mg) was further purified by
CC over silica gel using a gradient of EtOAc—light petroleum to afford
three fractions (E1—E3). Fraction E2 (8.3 mg) after purification on
PTLC with 10% EtOAc—CH,CI, yielded methyl 1,6-dihydroxy-3-
methyl-9-oxo-9H-xanthene-1-carboxylate (1.2 mg).

Aspergillusene A (1): colotless gum; UV (MeOH) A, (log €) 228
(3.10), 270 (3.21) nm; FT-IR (neat) ¥y 3313, 1635 cm ™ '; 'H NMR
(300 MHz) and *C NMR (75 MHz) data, see Table 1; HREIMS m/z
234.1622 [M]" (caled for C,gH,,0,, 234.1620).

Aspergillusene B (2): colorless gum; UV (MeOH) Ay, (log €) 219
(4.20), 250 (4.01), 266 (3.81), 295 (3.65), 303 (3.10) nm; FT-IR (neat)
Vinax 3312, 1721, 1623 cm™'; "H NMR (300 MHz) and "*C NMR (75
MHz) data, see Table 1; HREIMS m/z 246.1254 [M]* (caled for
C,sH, 505, 246.1256).

(+)-(75)-7-O-Methylsydonic acid (3): colorless gum; [0 +2
(c 1.9, MeOH); UV (MeOH) A,,,, (log €) 230 (3.73), 283 (3.15) nm;
FT-IR (neat) ¥, 3400, 1720, 1659 cm™"; "H NMR (500 MHz) and
13C NMR (125 MHz) data, see Table 1; HREIMS m/z 280.1675 [M]*
(calced for Cy6H,40,, 280.1675).

Aspergillusone A (4): colorless gum; [al]**, —1 (¢ 0.4, MeOH); UV
(MeOH) Apa (log €) 220 (4.13), 263 (3.81), 292 (3.79), 304
(3.15) nm; FT-IR (neat) V. 3380, 1745, 1681, 1653 cm '; 'H
NMR (500 MHz) and *C NMR (125 MHz) data, see Table 2;
HREIMS m/z 284.0685 [M — H,0]" (caled for C;6H;,05, 284.0681).

Aspergillusone B (5): colorless gum; [0]*°, —46.3 (¢ 0.2, CHCLy);
UV (MeOH) Ay, (log &) 230 (3.71), 280 (3.30), 320 (3.10) nm; FT-IR
(neat) ¥, 3400, 1725, 1697, 1649 cm ™ '; "TH NMR (500 MHz) and "*C
NMR (125 MHz) data, see Table 2; HREIMS m/z 336.0842 [M]*
(calcd for Cy¢H;60g, 336.0845).

(+)-(75)-Sydonic acid (6): [0]*p +2.0 (c 2.0, MeOH).

(7R8R)-AGI-B4 (7): [a]** —1.0 (c 0.4, MeOH).

(7R 8R)-a-Diversonolic ester (8): [a]**p, —47.6 (c 0.2, CHCL;).

Biological Activity. The DPPH radical scavenging assay was
carried out according to Yen and Hsieh.'® The ICs value was recorded
by reading the sample concentration that produced 50% scavenging
of those radicals. Butylated hydroxyanisole displayed an ICs, value of
0.13 M.
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© Supporting Information. 'H and '*C NMR spectra for
new compounds (1—S5). This material is available free of charge
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Investigation of secondary metabolites from the sea fan-derived fungus Curvularia sp. PSU-
F22 resulted in isolation of three new metabolites, curvulapyrone (1), curvulalide (2) and cur-
vulalic acid (3) together with six known compounds, modiolides A (4) and B (5), pyrenolide A
(6), stagonolide E (7), mycoepoxydiene (8), and deacetylmycoepoxydiene (9). Their antimicro-
bial activity against Staphylococcus aureus ATCC 25923, methicillin-resistant S. aureus and
Microsporum gypseum SH-MU-4 were examined.

Key words: Curvularia sp., Sea fan-derived fungus, Modiolide, Pyrone, Mycoepoxydiene,

Antibacterial activity, Antifungal activity

INTRODUCTION

Fungi belonging to the genus Curvularia are a rich
source of chemically diverse metabolites with a wide
range of pharmaceutical activities. These include
phytotoxic pyrenocines (Kim et al., 2000), antibacterial
lunatin (Jadulco et al., 2002), antifungal benzopyrans
(Teles et al., 2005) and cytotoxic apralactone (Greve et
al., 2008a). In our search of fungi for new secondary
metabolites with antimicrobial activity, we investigated
the marine-derived fungus Curvularia sp. PSU-F22,
isolated from a sea fan of the genus Annella. One new
pyrone derivative, curvulapyrone (1), and the known
modiolide A (4) (Tsuda et al., 2003) were obtained
from the mycelial extract of Curvularia sp. PSU-F22.
In addition, two new metabolites, named curvulalide
(2) and curvulalic acid (3), were isolated from the
broth extract together with five known macrolides,
modiolide B (5) (Tsuda et al., 2003), pyrenolide A (6)
(Nukina et al., 1980), stagonolide E (7) (Evidente et
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al., 2008), mycoepoxydiene (8) (Sommart et al., 2009)
and deacetylmycoepoxydiene (9) (Sommart et al.,
2009). The isolated compounds were examined for
antimicrobial activities against Staphylococcus aureus
ATCC 25923 (SA), a clinical isolate of methicillin-
resistant Staphylococcus aureus (MRSA) SK1 and a
clinical isolate of Microsporum gypseum (MG) SH-
MU-4.

MATERIALS AND METHODS

General experimental procedures

Infrared spectra (IR) were recorded on a Perkin
Elmer 783 FTS 165 FT-IR spectrometer. Ultraviolet
spectra (UV) were measured with an UV-160A
SHIMADSU spectrophotometer. 'H- and '*C-NMR
spectra were recorded on a 300 MHz Bruker FTNMR
Ultra Shield spectrometer using tetramethylsilane
(TMS) as an internal standard. Optical rotations were
measured on a JASCO P-1020 polarimeter. Solvents
for extraction and chromatography were distilled at
their boiling point range prior to use except for ethyl
acetate and light petroleum, which were analytical
grade reagents. Thin-layer chromatography (TLC)
and precoated TLC (PTLC) were done on silica gel
GFo54 (Merck). Column chromatography (CC) was

@ Springer
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performed on silica gel (Merck) type 100 (70-230
mesh ASTM) or on Sephadex LLH-20 with MeOH.

Fungal material

The marine-derived fungus PSU-F22 was isolated
from sea fan, Annella sp., collected near the Similan
Islands, Phangnga Province, Thailand, in 2006. This
fungus was deposited as Curvularia sp. PSU-F22
(GenBank accession number EU714387) at the
Department of Microbiology, Faculty of Science,
Prince of Songkla University and the National Center
for Generic Engineering and Biotechnology (BIOTECH)
Culture Collection, Thailand (BCC number 28631).

Antibacterial and antifungal activities

Crude extracts (200 ug/mL) were preliminarily
tested against all the test microorganisms by a
colorimetric broth microdilution test (Clinical and
Laboratory Standards Institute, 2002a, 2002b, 2002c;
Drummond and Waigh, 2000). Stock solutions of the
crude extracts (10 mg/mL) were diluted with MHB to
400 ug/mL and 50 uLi of each extract solution was
pipetted into 3 wells of a 96 well plate. Fifty mL of
each inoculum was added to the test solution and
incubated at 35°C for 15 h (S. aureus, and MRSA) or
at 25°C for 6 days (M. gypseum). Then, 10 uL of 0.18%
resazurin was added to each well and incubated for
another 2-3h for bacteria and 1day for fungi.
Vancomycin and micronazole were used as positive
controls for bacteria and fungi, respectively. The color
change was then observed visually. Any color changes
from purple to pink or colorless were recorded as
positive. The crude extracts that showed antimicrobial
activity at 200 ug/mL were further assessed for their
minimum inhibitory concentrations (MICs). The MICs
of extracts were tested over the concentration range of
0.25-128 pg/mL by the above colorimetric broth micro-
dilution test. The lowest concentration at which color
change occurred (2 to 3 wells) was taken as the MIC
value.

Fermentation, extraction and isolation

The sea fan-derived fungus Curvularia sp. PSU-F22
was grown on potato dextrose agar (PDA) at 25°C for
five days. Three pieces (0.5x0.5 cm?) of mycelial agar
plugs were inoculated into 500 mL Erlenmeyer flasks
containing 300 mL potato dextrose broth (PDB) at
room temperature for four weeks. The culture (15 L)
was filtered to give the filtrate and mycelia. The
filtrate and the mycelial cakes were then extracted
using the same procedure as described previously
(Trisuwan et al.,, 2008). The broth and mycelia
extracts were obtained as a brown gum in 1.3 g and
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380.0 mg, respectively. The broth extract was
separated by CC over Sephadex LH-20 to give five
fractions (A-E). Fraction B (144.8 mg) was further
purified by silica gel CC with a gradient of EtOAc-
light petroleum to obtain 5 (3.2 mg) and 6 (1.0 mg).
Separation of fraction C (1.1 g) using Sephadex LH-
20 CC afforded five fractions (C1-C5). Fraction C3
(165.6 mg) was fractionated with the same procedure
as fraction B to furnish four fractions. Compound 7
(8.3 mg) was obtained in the second fraction. The
fourth fraction (35.7 mg) was further purified by CC
over silica gel using a gradient of MeOH-CH,Cl; as a
mobile phase followed by PTLC with 2% MeOH-
CH,CI; to yield 3 (1.0 mg). Fraction D (60.1 mg) was
subjected by Sephadex LH-20 CC to give three
fractions. The third fraction (12.4 mg) was purified by
PTLC with 30% EtOAc-light petroleum to afford 2
(B.1mg), 8 (2.2mg) and 9 (2.4 mg). The mycelia
extract was fractionated by Sephadex LH-20 CC to
give three fractions (E1-E3). Fraction E2 (203.6 mg)
was further purified with CC over silica gel to afford
five fractions. Compound 4 (6.5 mg) was present in
the second fraction. Purification of the fourth fraction
by PTLC with 40% EtOAc-light petroleum obtained 1
(2.5 mg).

Curvulapyrone (1)

Colorless gum; [a]p?® —147° (c 0.38, MeOH); UV (MeOH)
Amax M (log &) 231 (3.62), 226 (3.65), 251 (3.70), 320
(2.81); IR (neat) Vpacm™ 3394, 1714; HR-EI-MS m/z:
238.0837 (caled for C,oH,05, 238.0841); EIMS m/z:
238 (M-H,0") (11), 181 (100), 152 (8), 111 (50), 69 (56);
'H-NMR (300 MHz, acetone-ds) and *C-NMR (75
MHz, acetone-dg): see Table 1.

Curvulalide (2)

Colorless gum; [¢]p? —48° (¢ 0.10, CHCls); UV MeOH)
Amax N (log & 208 (3.48); IR (neat) V. cm™ 3385,
1715; HR-EI-MS m/z: 197.0813 (caled for Ci0H;50,,
197.0814); EIMS m/z: 197 (M-OH") (17), 141 (100), 123
(73), 95 (80); 'H-NMR (300 MHz, acetone-dg) and '*C-
NMR (75 MHz, CDCls): see Table 1.

Curvulalic acid (3)

Colorless gum; []p?® —8° (c 0.10, CHCl); UV (MeOH)
Amax i (log &) 207 (2.90), 257 (2.27); IR (neat) Vipax cm™
3422, 1704; HR-EI-MS m/z: 184.1090 (caled for
C1oH10s, 184.1099); EIMS m/z: 184 (M*) (2), 151 (8),
124 (28), 79 (100), 67 (19); "H-NMR (300 MHz, CD,0D)
and *C-NMR (75 MHz, CD;0D): see Table 1.

Modiolide A (4)
Colorless gum; [dp'® +40° (c 0.25, MeOH); UV (MeOH)
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Table I. 'H- and *C-NMR data for curvulapyrone (1), curvulalide (2) and curvulalic acid (3)
1 2
Position 'H 13C 'H 13C 'H 13C
d (mult., J, Hz) d (mult.) d (mult., J, Hz) d (mult.) d (mult., J, Hz) d (mult.)

1 167.8 (s) 173.0 (s)
2 163.1 (s) 5.84 (dd, 12.6, 1.5) 122.4 (d) 5.62 (d, 11.4) 121.7 (d)
3 100.9 (s) 5.88 (dd, 12.6, 3.0) 136.8 (d) 6.36 (t, 11.4) 139.3 (d)
4 164.0 (5) 5.01 (brd, 7.5) 71.2 @) 728 Sdi)w'& 127.8 ()
5 5.98 (5) 99.0 (d) 5'937(2‘1‘11’5;5'6’ 1315(d) 594 (dt 153,69 1404 (d)
6 158.2 (s) 6.29 (dd, 15.6, 3.3) 128.0 () 2.18 (brd, 6.9) 32.4 (t)
7 6.16 (dq, 15.6, 1.5) 123.1 (d) 4.87 (brd, 5.3) 58.8 (d) 1.51 (m) 24.9 (t)
8 6.61 (dq, 15.6, 6.9) 133.9 (d) 3.87 (dd, 5.3, 2.5) 76.0 (d) 1.48 (m) 38.3 (t)
9 1.89 (dd, 6.9, 1.5) 17.4 (q) 5.64 (qd, 6.6, 2.5) 68.1 (d) 3.75 (sextet, 6.3) 67.0 (d)
10 4.49 (d, 5.4) 66.4 (d) 1.29 (d, 6.6) 17.2 (q) 1.16 (d, 6.3) 22.1 (q)
11 3.70 (dd, 6.6, 5.4) 71.9 (d)
12 4.29 (qn, 6.6) 77.0 ()
13 1.46 (d, 6.6) 16.4 (q)

Amax M (log & 208 (3.48); IR (neat) Viya cm™ 3224,
1714, 1638; 'H-NMR (300 MHz, acetone-dg): & 5.87
(2H, d, J=11.7Hz, H-2, 3), 5.60 (1H, dd, J = 15.3, 6.9
Hz, H-5), 5.58 (1H, dd, J = 15.3, 6.9 Hz, H-6), 5.26
(1H, dqd, J = 10.5, 6.3, 1.8 Hz, H-9), 4.73 (1H, brs, H-
4), 4.49 (1H, brs, 4-OH), 4.13 (1H, m, H-7), 1.94 (1H,
ddd, J =14.0, 3.0, 1.8 Hz, H,-8), 1.73 (1H, dt, J = 14.0,
10.5 Hz, H;-8), 1.24 (3H, d, J = 6.3 Hz, H-10); *C-
NMR (75 MHz, acetone-dg): 6 168.0 (s, C-1), 137.8 (d,
C-6), 137.3 (d, C-3), 129.7 (d, C-5), 121.3 (d, C-2), 71.6
(d, C-7), 71.0 (d, C-4), 68.3 (d, C-9), 43.2 (t, C-8), 20.8
(q, C-10).

Modiolide B (5)

Colorless gum; [cdp™® +40° (c 0.25, MeOH); UV (MeOH)
Amax M (log & 207 (3.22); IR (neat) Vyax cm™ 3416,
1698; 'H-NMR (300 MHz, CDCly): 6 5.88 (1H, dd, J =
12.6, 2.4 Hz, H-3), 5.87 (1H, dd, J = 12.6, 1.2 Hz, H-2),
5.69 (1H, ddd, J = 15.6, 11.1, 3.6 Hz, H-6), 5.54 (1H,
ddd, J = 15.6, 7.8, 1.5 Hz, H-5), 5.32 (1H, m, H-9), 4.75
(1H., brd, J = 6.9 Hz, H-4), 2.39 (1H, dm, J = 13.5 Hz,
H,-7), 2.20 (1H, m, Hy-7), 1.68 (2H, m, H-8), 1.22 (3H,
d, J = 6.6 Hz, H-10); *C-NMR (75 MHz, CDCly): &
168.9 (s, C-1), 136.5 (d, C-3), 135.4 (d, C-6), 129.1 (d,
C-5), 122.6 (d, C-2), 72.4 (d, C-9), 71.8 (d, C-4), 33.9 (t,
C-8), 31.0 (t, C-7), 21.5 (q, C-10).

Pyrenolide A (6)

Colorless gum; [a}p?® —257° (¢ 0.67, CHCls); UV (MeOH)
Joee i (log & 204 (2.86), 221 (2.41), 262 (2.06); IR
(neat) Vyaxcm™ 1700, 1686, 1619; '"H-NMR (300 MHz,
CDCly): & 6.75 (1H, dd, J = 17.0, 6.5 Hz, H-6), 6.63
(1H, d, J = 12.5 Hz, H-2), 6.20 (1H, dd, J = 17.0, 1.0
Hz, H-5), 6.14 (1H, d, J = 12.5 Hz, H-3), 5.58 (1H. qd,
J =17.0, 2.0 Hz, H-9), 3.82 (1H, ddd, J = 6.5, 4.5, 1.5
Hz, H-7), 3.25 (1H, dd, J = 4.5, 2.0 Hz, H-8), 1.52 (3H,
d, J = 7.0 Hz, H-10); *C-NMR (75 MHz, CDCly): &
192.9 (s, C-4), 166.6 (s, C-1), 145.7 (d, C-6), 134.6 (d, C-
2), 133.5 (d, C-3), 128.7 (d, C-5), 66.2 (d, C-9), 60.9 (d,
C-8), 54.8 (d, C-7), 16.8 (q, C-10).

Stagonolide E (7)

Colorless gum; [c]p? —180° (¢ 0.20, CHCls); UV (MeOH)
Amax nm (log &) 207 (3.37), 253 (2.89); IR (neat) Vipa, cm™
3422, 1700: 'H-NMR (300 MHz, CDCly): & 6.62 (1H,
ddd, J = 12.0, 3.0, 1.0 Hz, H-3), 6.12 (1H, dd, ] = 15.0,
1.0 Hz, H-4), 5.85 (1H, dd, J = 12.0, 3.0 Hz, H-2), 5.74
(1H, ddd, J = 15.0, 9.0, 3.0 Hz, H-5), 4.98 (1H, qnd, J
= 6.0, 3.0 Hz, H-9), 4.24 (1H, td, J = 9.0, 3.0 Hz, H-6),
2.09 (1H, ddd, J = 15.0, 9.0, 6.0 Hz, H,-7), 1.84 (1H,
ddd, J = 15.0, 9.0, 3.0 Hz, H,-8), 1.75 (1H, m, H,-7),
1.62 (1H, m, Hy-8), 1.12 (3H, d, J = 6.0 Hz, H-10); *C-
NMR (75 MHz, CDCls): § 168.3 (s, C-1), 140.2 (d, C-5),
139.6 (d, C-3), 126.6 (d, C-4), 125.6 (d, C-2), 73.7 (d, C-
6), 73.3 (d, C-9), 37.8 (t, C-7), 30.4 (t, C-8), 21.4 (q, C-
10).
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Mycoepoxydiene (8)

Colorless gum; [cp®® +215° (¢ 0.11, MeOH); UV (MeOH)
Amax M (log &) 208 (3.78), 257 (3.50), 273 (3.27); IR
(neat) Vimaxcm™* 1739, 1720, 1655; 'H-NMR (300 MHz,
CDCls): 6 7.03 (1H, dd, J = 9.9, 6.0 Hz, H-3), 6.23 (1H,
d, J = 9.9 Hz, H-2), 6.10 (1H, ddd, J = 10.5, 6.6, 4.5
Hz, H-11), 6.05 (1H, m, H-8), 5.93 (1H, m, H-9), 5.90
(1H, m, H-10), 5.08 (1H, dd, = 6.0, 2.4 Hz, H-4), 4.49
(1H, dd, J = 11.1, 2.4 Hz, H-5), 4.32 (1H, d, J = 4.5 Hz,
H-12), 4.28 (1H, t, J = 6.0 Hz, H-7), 3.06 (1H, m, H-6),
3.02 (1H, m, H-13), 2.03 (3H, s, H-16), 1.14 (3H, d, J =
6.9 Hz, H-14); *C-NMR (75 MHz, CDCl;): § 170.0 (s,
C-15), 162.1 (s, C-1), 140.2 (d, C-3), 137.5 (d, C-11),
136.9 (d, C-8), 126.3 (d, C-9), 125.1 (d, C-2), 124.4 (d,
C-10), 86.4 (d, C-12), 77.7 (d, C-5), 75.9 (d, C-7), 63.2
d, C-4), 52.6 (d, C-13), 50.1 (d, C-6), 20.7 (q, C-16),
14.3 (q, C-14).

Deacetylmycoepoxydiene (9)

Colorless gum; [cfp® +83° (c 0.59, MeOH); UV (MeOH)
Amax M (log &) 206 (3.08), 256 (2.56), 265 (2.46); IR
(neat) Vimaxcm™* 3418, 1721, 1655; 'H-NMR (300 MHz,
CDCly): 66.97 (1H, dd, J = 9.6, 6.3 Hz, H-3), 6.19 (1H,
m, H-8), 6.05 (1H, d, J = 6.9 Hz, H-2), 6.02 (1H, m, H-
11), 5.89 (1H, m, H-9), 5.85 (1H, m, H-10), 4.36 (1H, t,
J =5.4 Hz, H-7), 4.28 (1H, dd, J = 10.5, 2.4 Hz, H-5),
4.25 (1H, d, J = 4.5 Hz, H-12), 4.00 (1H, brt, J = 5.4
Hz, H-4), 2.95 (1H, m, H-6), 2.91 (1H, q, J = 6.9 Hz, H-
13), 1.06 (3H, d, J = 6.9 Hz, H-14); *C-NMR (75 MHz,
CDCls): 6 163.3 (s, C-1), 144.3 (d, C-3), 137.4 (d, C-8),
137.2 (d, C-11), 126.1 (d, C-9), 124.8 (d, C-10), 122.9 (d,
C-2), 86.1 (d, C-12), 79.5 (d, C-5), 76.9 (d, C-7), 62.1 (d,
C-4), 51.7 (d, C-6, 13), 14.3 (q, C-14).

RESULTS AND DISCUSSION

The sea fan-derived fungus PSU-F22 is a dematiaceous
fungus. Its colony is slow-growing, velvetty and
olivaceous grey in color with dark pigment under the
colony. As neither conidia nor spores were observed,
this fungus was identified based on the analysis of the
ITS regions of its rDNA gene. Its ITS sequence
(EU714387) is well placed in the major Curvularia
clade comprising Curvularia sp. (DQ993652), Curvula-
ria affinis (AF071335), Curvularia sp. (DQ993649),
Curvularia affinis (EF187909) and Curvularia sp.
(EF025971) with high statistical support (100%).
Sequence similarity as compared to Curvularia sp.
(EF025971) was 96.1%. PSU-F22 was then identified
as Curvularia sp.

All compounds (Fig. 1) were isolated using chro-
matographic techniques. Their structures were eluci-
dated by analysis of spectroscopic data, including UV,
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Fig. 1. Structures of compounds 1-9.

IR, NMR and MS. The absolute configuration of known
compounds was assigned according to NOEDIFF
results and by comparison of their optical rotations
with those previously reported in the literature. In
addition, the absolute configurations in 2 and 3 were
proposed on the basis of known absolute configura-
tions of co-metabolites 4-5 and (R)-9-hydroxydecanoic
acid (Jones et al., 1997), respectively.

Curvulapyrone (1) with the molecular formula
C19H60¢ from a high resolution-electron ionization-
mass spectrum (HR-EI-MS) was obtained as a color-
less gum. Its UV spectrum with maximum absorption
bands at Ay, 213, 226, 251 and 320 nm indicated that
1 had a conjugated pyrone chromophore (Lee et al.,
1995). The IR spectrum showed absorption bands at
3394 and 1714 cm? for hydroxyl and conjugated
carbonyl groups, respectively. The "H-NMR spectrum
(Table I) displayed characteristic signals for a trans-
propenyl unit [ 6.61 (1H, dq, J = 15.6, 6.9 Hz), 6.16
(1H, dq, J = 15.6, 1.5 Hz) and 1.89 (3H, dd, / = 6.9,
1.5 Hz)], a 1,2,3-trihydroxybutyl unit [6 4.49 (1H, d, J
= 5.4 Hz), 4.29 (1H, gqn, J = 6.6 Hz), 3.70 (1H, dd, J =
6.6, 5.4 Hz) and 1.46 (3H, d, J = 6.6 Hz)] and one
olefinic proton (5 5.98, 1H, s). The presence of the
1,2,3-trihydroxybutyl unit was established using 'H-
'H correlation spectroscopy (COSY) and heteronuclear
multiple bond correlations (HMBC). The *C-NMR and
DEPT spectra showed four quaternary, six methine
and two methyl carbons. The olefinic proton (& 5.98)
was attributed to H-5 on the basis of its HMBC
correlations with C-3 (8 100.9), C-4 (5 164.0) and C-6
(® 158.2). These results together with the chemical
shift of C-4 established a hydroxyl group at C-4 of the
pyrone unit. The trans-propenyl fragment was
attached at C-6 of the pyrone ring based on the
HMBC correlations of both H-7 (8 6.16) and H-8 (8
6.61) of the trans-propenyl unit with C-6. Thus, the
remaining 1,2,3-trihydroxybutyl unit was located at
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Fig. 2. Selected NOEDIFF data for curvulalide (2).

C-3. This assignment was confirmed by HMBC cross
peaks of the hydroxymethine proton, H-10 (5 4.49),
with C-2 (8 163.1), C-3 and C-4. Therefore, curvulapyr-
one (1) was identified as a new o-pyrone derivative.
Because of insufficient material, no attempts were
made to assign absolute configurations.

The molecular formula of curvulalide (2), isolated as
a colorless gum, was determined as C,oH,05 from
HR-EI-MS. Its 'H-NMR spectrum (Table I) was
similar to that of 4 except for the replacement of the
resonances for the methylene protons (H;-8) in 4 with
the signal of a hydroxymethine proton, 6 3.87 (1H, dd,
J = 5.3, 2.5 Hz). Thus, this hydroxymethine proton
was identified as H-8. This assignment was confirmed
by the 'H-'H COSY cross peaks from H-8 to H-7 (8
4.87) and H-9 (8 5.64) as well as its 3J HMBC
correlations with C-6 (5 128.0) and C-10 (6 17.2). The
location of all substituents in 2 was determined by
comparison of the Jy i values observed with those of 4
and 5 (Tsuda et al., 2003). The location of 4-OH at the
f-position, identical to those in 4 and 5, was deduced
from the 3, and Jys values of 3.0 and 7.5 Hz,
respectively. However, 7-OH was assigned at the (-
position, not the a-position (Je7 7.5 Hz) as found in 4,
due to the smaller Jg; value of 3.3 Hz. Both 8-OH and
H,-10 were c-oriented on the basis of the J;5 (5.3 Hz)
and Jgg (2.5 Hz) values. The assigned relative con-
figurations were in agreement with the nuclear
Overhauser effect difference (NOEDIFF) data shown
in Fig. 2. The absolute configurations of C-4, C-7, C-8
and C-9 in 2 were proposed to be R, S, R and R,
respectively, on the basis of the known absolute
configurations (4R and 9R) of its co-metabolites 4 and
5. Consequently, curvulalide (2) was identified as a
new member of modiolide macrolides.

Curvulalic acid (3) with the molecular formula
CioH 1605 from HR-EI-MS was obtained as a colorless
gum. The UV spectrum displayed absorption bands of
a conjugated chromophore at 207 and 257 nm while
hydroxyl (3422 cm™) and conjugated carboxylic carbonyl
(1704 cm™) absorption bands were found in the IR
spectrum. The 'H-NMR spectrum (Table I) displayed
characteristic signals for trans-olefinic protons [5 7.28
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(1H, dd, J = 15.3, 11.4 Hz) and 5.94 (1H, dt, J = 15.3,
6.9 Hz)], cis-olefinic protons [6 6.36 (1H, t, J =11.4 Hz)
and 5.62 (1H, d, J = 11.4 Hz)] and a 2-hydroxypentyl
unit [ 3.75 (1H, sextet, J = 6.3 Hz), 2.18 (2H, brd, J =
6.9 Hz), 1.51 (2H, m), 1.48 (2H, m) and 1.16 (3H, d, J
= 6.3 Hz)]. The 'H-'H COSY correlations supported
the presence of the 2-hydroxypentyl moiety. One of
the trans-olefinic protons, H-4 (§ 7.28), showed a ‘H-
'H COSY cross peak with the cis-olefinic proton, H-3
(8 6.36), while the other trans-olefinic proton, H-5 (&
5.94), was correlated with H,-6 (8 2.18) of the hydroxy-
pentyl unit. In addition, the cis-olefinic proton, H-3,
showed an HMBC correlation with a carboxylic car-
bonyl carbon, C-1 (8 173.0). Irradiation of H-3 in the
NOEDIFF experiment affected signal intensity of H-2
and H-5, indicating an s-trans configuration for a C3-
C4 single bond. Thus, curvulalic acid (3) was identified
as a new uncyclized metabolite of modiolide macrolides.
The absolute configuration at C-9 was proposed to be
R, identical to those of compounds 4-7, according to its
optical rotation which was similar to that of (R)-9-
hydroxydecanoic acid, []p® —7° (Jones et al., 1997).

The isolated metabolites, except for 3 and 6 which
were obtained in small amounts, were evaluated for
antibacterial activity against SA and MRSA SK1 as
well as for antifungal activity against MG SH-MU-4.
They were inactive against all strains at the initial
concentration of 200 ug/mL, which was identical to the
activity of both broth and mycelial extracts. So far,
there has been only one report on the isolation of ten-
membered lactones from the marine-derived fungus
Curvularia sp. (Greve et al., 2008b). Furthermore,
this is the first isolation of an o-pyrone derivative
from the genus Curvularia.
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Five new metabolites, fusaranthraquinone (1), fusarnaphthoquinones A—C (2—4), and fusarone (5), were isolated from
the sea fan-derived fungi Fusarium spp. PSU-F14 and PSU-F135 along with 18 known compounds. The structures
were elucidated on the basis of spectroscopic evidence. Their antibacterial, antifungal, antimycobacterial, antimalarial,

and cytotoxic activities were examined.

Fungi in the genus Fusarium with the capability of producing
various bioactive metabolites have drawn attention from many
chemists to investigate their metabolites. They have produced a
broad range of secondary metabolites that show various biological
activities. Some of them are the antifungal fungerin,' the antibacte-
rial and cytotoxic neomangicols,? and the anti-Helicobacter pylori
methylsulochrin.®> We have recently reported the investigation of
sea fan-derived fungi that yielded the antibacterial nigrospoxydon
A* and nigrosporapyrone A.” In this paper, we describe the isolation
and structure determination of metabolites from two sea fan-derived
fungi, Fusarium spp. PSU-F14 and PSU-F135. One new octahy-
droanthraquinone, fusaranthraquinone (1), and four new compounds,
three hydronaphthoquinones, fusarnaphthoquinones A—C (2—4),
and one cyclopentanone, fusarone (5), were obtained from the broth
extracts of Fusarium spp. PSU-F14 and PSU-F135, respectively.
Seven known compounds, 9a-hydroxydihydrodesoxybostrycin (6),°
9a-hydroxyhalorosellinia A (7),° nigrosporin A (8),” bostrycin (9),®
austrocortirubin (10),° (+)-dehydrovomifoliol,'® and 2-(2’S-hy-
droxypropyl)-5-methyl-7-hydroxychromone,'" were also obtained
from the broth extract of the fungus PSU-F14, while its mycelial
extract contained two additional known compounds, nigrosporin
B (11)7 and uridine.'> Compound 9 was isolated as its 11-acetoxy
derivative. Moreover, nine known compounds, aspergillol B,"* (+)-
solaninol (12),"* javanicin (13),'> 5-hydroxy-8-methoxy-2,4-dim-
ethylnaphthol[1,2-b]furan-6,9-dione (14), 14 2,3-dihydro-5-hydroxy-
8-methoxy-2,4-dimethylnaphtho[ 1,2-b]furan-6,9-dione (15),'* fusarubin
(16),'° methyl ether fusarubin (17),"” anhydrofusarubin (18),"® and
tyrosol,'® were obtained from the broth extract of Fusarium sp.
PSU-F135. Their antibacterial, antifungal, antimalarial, antimyco-
bacterial, and cytotoxic activities were evaluated.

Results and Discussion

The marine-derived fungi PSU-F14 and PSU-F135, isolated from
a gorgonian sea fan (Annella sp.), were identified on the basis of
their morphological and molecular characteristics as Fusarium spp.
All compounds were isolated using chromatographic techniques,
and their structures were elucidated by spectroscopic data (IR, UV,
NMR, and MS). The relative configuration was assigned according
to NOEDIFF results. The absolute configurations of the known
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compounds were determined by comparison of their specific
rotations with those previously reported in the literature (Supporting
Information).

Fusaranthraquinone (1) was obtained as a colorless gum with
the molecular formula C,¢H,00; from HREIMS. The UV absorption
bands at 242, 280, and 353 nm revealed the presence of a conjugated
carbonyl chromophore, while the IR spectrum showed absorption
bands for hydroxy and conjugated ketone carbonyl groups at 3417
and 1667 cm™!, respectively. The '"H NMR and '*C NMR spectra
(Table 1) were similar to those of 90-hydroxydihydrodesoxybos-
trycin (6)°® with significant differences in the chemical shifts of H,-1
(1: 0y 1.87,t,J = 11.5 Hz and 1.76, dd, J = 11.5 and 3.5 Hz; 6:
Op 2.43,dd, J=12.6 and 5.1 Hz and 1.34, dd, J = 12.6 and 11.7
Hz) and the coupling constants between H-9 and H-9a [1: J = 3.5
Hz, H-9 (04 5.00, t, J = 3.5 Hz) and H-9a (64 2.16, tt, J = 11.5
and 3.5 Hz); 6: J = 10.2 Hz, H-9 (0y 4.83, d, J/ = 10.2 Hz) and
H-9a (0y 2.25, m)]. A small coupling constant of 3.5 Hz established
the location of H-9 in a pseudoequatorial position, not at the
pseudoaxial position as in 6. Ring C existed in a chair conformation,
identical to 6, according to the large coupling constants (J/ = 11.5
Hz) between H-4a (0y 2.82, td, J/ = 11.5 and 4.5 Hz) and H-9a
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Table 1. *C (75 MHz) and 'H (300 MHz) NMR and HMBC
Data of Compound 1 in Acetone-ds

Trisuwan et al.

Table 2. 3C (75 MHz) and 'H (300 MHz) NMR Data of
Compounds 2 and 3 in CDCl;

position Oc, mult. Oy, mult. (J in Hz) HMBC

1 40.2, CH, 1.87,t(11.5) 4a, 9, 9a
1.76,dd (11.5, 3.5) 2,3, 4a

2-OH 70.5, C 3.21,s 1,2,3

3 74.1, CH 3.47,ddd (11.5, 6.5, 4.5) 4

3-OH 3.81,d (6.5) 2,3,4

4 29.6, CH, 2.38,dt(11.5,4.5) 2,3,4a,9a
1.56, q (11.5) 2,3,4a,9a

4a 41.5,CH 2.82,td (11.5,4.5) 1,3,4,9,9a

5-OH 158.7,C 12.76, s 5,6, 10a

6 98.8, CH 6.44, s 5,7,8,10a

7 155.0,C

8 136.0, C

8a 129.0, C

9 62.4, CH 5.00, t (3.5) 4a, 8, 8a, 10a

9-OH 4.15,d (3.5) 8a, 9, 9a

9a 38.5,CH 2.16,tt (11.5,3.5) 4

10 203.0,C

10a 107.8,C

11 55.7, CH; 3.93,s 7

12 26.7, CH; 1.29, s 1,2,3

and H-4b (0y 1.56, q, J/ = 11.5 Hz) as well as the NOEDIFF data
of H-4a (Figure 1). The NOEDIFF data in Figure 1 further revealed
that the relative configurations of all asymmetric carbons in 1,
except C-9, were identical to that of 6. Consequently, 1 was
identified as the 9 epimer of 6. However, the absolute configuration
for 1 remains to be determined.

Fusarnaphthoquinone A (2) was obtained as a colorless gum with
the molecular formula C;5H;3s0; by HREIMS. The UV spectrum
was similar to that of 1. A hydroxy absorption band was found at
3330 cm™!, while carbonyl bands were found at 1700 and 1682
cm™!, in the IR spectrum. Compound 2 had a naphthalenone unit
(AB ring) related to that of 1 according to similar 'H and '*C NMR
data (Table 2) with significant differences in the chemical shifts of
C-5, C-6, and C-7 compared to the corresponding carbons in 1 (C-
9, C-9a, and C-4a, respectively). The presence of this naphthalenone
unit was confirmed by the HMBC correlations depicted in Figure
2. The proton signals for ring C in 1 were replaced by signals for
a 2-oxopropyl unit (0y 2.49, 1H, dd, J = 17.7 and 5.4 Hz, 2.76,
1H, dd, J = 17.7 and 8.1 Hz, and 2.20, 3H, s) and a hydroxymethyl
group (Oy 4.18, 1H, dd, J = 9.0 and 5.4 Hz and 3.77, 1H, d, J =
9.0 Hz) in 2. The presence of the 2-oxopropyl unit was supported
by the HMBC correlations from both H»-9 (dy 2.76 and 2.49) and
Hi-11 (g 2.20) to C-10 (¢ 205.8). A reduced 1,4-naphthoquinone
unit having the 2-oxopropyl and hydroxymethyl substituents at C-6
(0¢ 44.0) and C-7 (¢ 54.1), respectively, was established on the
basis of the HMBC correlations of H»-9 and H»-12 (dy 4.18 and
3.77) (Figure 2). The substituents at C-5, C-6, and C-7 were located
at the same side of the molecule on the basis of signal enhancement
of H-5 (dy 5.39) and H-7 (dy 2.99) upon irradiation of H-6 (Oy
2.87) as well as that of H,-9 and H-7 after irradiation of H»-12 in
the NOEDIFF experiment (Figure 2). Therefore, fusarnaphtho-
quinone A has the structure 2, with the relative configuration shown.

Fusarnaphthoquinone B (3) with the molecular formula C;5H;505
by HREIMS was isolated as a red gum. The UV spectrum of 3

Figure 1. Selected NOEDIFF data for 1.

2 3
Oy, mult. (J in Hz)

position Oc, mult. Oy, mult. (J in Hz) d¢, mult.

1 158.8,C 201.6, C

1-0H 11.67, s

2 99.0,CH 637, 38.4,CH, 3.16,dd (16.8, 11.1)
2.89, ddd (16.8, 4.8, 0.9)

3 1542, C 76.9,CH  3.83,ddd (11.1,4.8,3.3)

4 134.5,C 62.3,CH  5.60, brs

4-OH 2.70,d (1.8)

4a 127.6,C 119.6, C

5 746,CH 5395 1459, C

6 440,CH 2.87,dd(8.1,54) 137.9,C

7 541,CH  2.99,d(5.4) 116.6,C

8 203.5,C 155.8,C

8-OH 12.34, s

8a 107.3,C 111.1,C

9 44.0,CH, 2.76,dd (17.7,8.1) 102.6,CH 6.41,q(0.9)

2.49,dd (17.7,5.4)

10 205.8, C 161.4,C

11 30.3,CH; 220, 14.6,CH; 2.50,d (0.9)

12 66.4,CH, 4.18,dd (9.0,54) 11.6,CH; 2.33.s

3.77,d(9.0)
13 56.4,CH; 391, 56.6,CH; 3.55,s

exhibited absorption bands at 227, 312, and 360 nm. Hydroxy and
ketone carbonyl functionalities were found at 3425 and 1629 cm™!,
respectively, in the IR spectrum. The '"H NMR spectrum of 3 (Table
2) was similar to that of 14, except for the disappearance of a typical
signal for a quinone proton (Jy 6.19, s) in 3 and the appearance of
signals typical for two oxymethine protons (dy 3.83, ddd, J = 11.1,
4.8, and 3.3 Hz and 5.60, brs) and two nonequivalent methylene
protons (dy 3.16, dd, J = 16.8 and 11.1 Hz and 2.89, ddd, J =
16.8, 4.8, and 0.9 Hz). In the "H—"H COSY spectrum, one of the
oxymethine protons, H-3 (dy 3.83), gave cross-peaks with the
nonequivalent methylene protons, Hy-2 (dy 3.16 and 2.89), and
the other oxymethine proton, H-4 (dy 5.60). The HMBC correlations
H,-2/C-8a (¢ 111.1), H-4/C-4a (d¢c 119.6), and H3-13 (dy 3.55)/
C-3 (Oc 76.9) (Figure 3) together with the chemical shifts of C-3
and C-4 (O¢ 62.3) constructed a hydronaphthoquinone skeleton with
the methoxy and hydroxy groups at C-3 and C-4, respectively. The
signal intensity of H-3 was enhanced when H-4 was irradiated,
suggesting their cis-relationship. H-3 and H-4 were assigned
pseudoaxial and pseudoequatorial orientations, respectively, ac-
cording to the large J (11.1 Hz) and small J (3.3 Hz) values of H-3
with H-2a (0y 3.16) and H-4, respectively. Thus, fusarnaphtho-
quinone B (3) was identified as a new tetrahydronaphthoquinone
derivative of 14. Only the relative configuration is indicated.
Fusarnaphthoquinone C (4) was obtained as a red gum. Its
molecular formula, C,90H»cO1;, by HREIMS indicated that 4 had

Figure 3. Selected HMBC data for 3.
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Table 3. *C (75 MHz) and 'H (300 MHz) NMR and HMBC
Data of Compound 4 in CDCl;

position ¢, mult. Oy, mult. (J in Hz) HMBC

1 36.8, CH, 3.12,d (19.8) 2,3,4a,9,9a
3.02,d (19.8)

2 72.3,C

3,3 54.1,C

4 32.2, CH, 3.53,d(19.8) 2,3,4a,9a,2, 4
2.92,d (19.8)

4a 137.6, C

5 184.3,C

6 109.7, CH 6.20, s 5,8, 10a

7 160.7, C

8 177.8,C

8a 109.7, C

9-OH 161.2,C 12.76, s 8a,9,9a

9a 134.7,C

10a 107.9, C

10-OH 159.6, C 13.17, s 4a, 10, 10a

11 56.8, CH; 3.94,s 7

12 25.7, CH; 1.30, s 1,2,3

1’ 2004, C

2 44.9, CH, 3.20,d (17.4) 2,3,4,1',4,8a
2.88,d(17.4)

4’ 203.6, C

4a 112.8,C

5-OH 154.5,C 12.73, s 45,6

6 132.9,C

7 1394, C

8’-OH 152.8,C 12.24, s 7,8, 8a

8a 113.5,C

9’ 41.5, CH, 3.93,s 5,607,100

107 203.6,C

11 30.0, CH; 2.30, s 9, 10"

12 12.8, CH; 2.24,s 6,7,8

17 degrees of unsaturation. The presence of UV absorption bands
at 227, 275, 296, 403, 473, 500, 535, and 571 nm indicated the
existence of a 1,4-naphthoquinone chromophore.'* Furthermore, a
hydroxy absorption band was found at 3470 cm™!, while carbonyl
ones were found at 1717 and 1644 cm™, in the IR spectrum. In
the 'H and '*C NMR spectra (Table 3), signals for four chelated
hydroxy protons [0y 12.24 (1H, s), 12.73 (IH, s), 12.76 (1H, s),
and 13.17 (1H, s)] and four carbonyl carbons (dc 177.8, 184.3,
200.4, and 203.6) suggested the presence of two 1,4-napthoquinone
units. Analysis of the HMBC correlations (Table 3, Figure 4) for
the left portion of 4 revealed that two chelated hydroxy protons
resonating at dy 12.76 and 13.17 were attributed to 9-OH and 10-
OH, respectively. The olefinic proton (0y 6.20) was assigned as
H-6 on the basis of its >J HMBC correlations with C-8 (8¢ 177.8)
and C-10a (0c 107.9). Irradiation of H-6 enhanced the signal
intensity of Ha-11 (O 3.94), indicating the location of the methoxy
group at C-7 (d¢ 160.7). The 3/ HMBC correlations from Hy-1 (dy
3.12 and 3.02) to C-3 (dc 54.1) and C-4a (Oc 137.6) and those
from H,-4 (O 3.53 and 2.92) to C-2 (¢ 72.3) and C-9a (d¢ 134.7)
established a tetrahydroanthraquinone unit. Both methyl (H3-12,
Oy 1.30) and hydroxy groups were attached to C-2, according to
the 37 HMBC correlations of Hs-12 and the chemical shift of C-2.
Two remaining chelated hydroxy protons resonating at oy 12.24
(8-OH) and 12.73 (5"-OH) were sequentially placed at C-8" (O¢
152.8) and C-5" (d¢ 154.5). The HMBC correlations from 8-OH
to C-7" (O¢c 139.4), C-8’, and C-8"a (Oc 113.5) together with those

Figure 4. Selected HMBC data for 4.
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from the methyl protons (Hs-12’, oy 2.24) to C-6" (d¢ 132.9) and
C-8 attached this methyl group at C-7". A 2-oxopropyl unit was
established and located at C-6" on the basis of the HMBC
correlations of H>-9” (O 3.93) and Hz-117 (O 2.30), as demonstrated
in Figure 4. In the NOEDIFF experiment, signal enhancement of
8’-OH and H,-9” upon irradiation of Hz-12" (dy 2.24) supported
the assigned location of the methyl and 2-oxopropyl groups. In
addition, two nonequivalent methylene protons (H,-2’, oy 3.20 and
2.88) displayed 37 HMBC correlations with C-8’a, connecting the
methylene group at C-1" (d¢ 200.4). The HMBC correlations of
H,-2’/C-2, C-3 (C-3"), and C-4" and those of H,-4/C-4’ established
a spiro skeleton by connecting the dihydronaphthoquinone and
tetrahydroanthraquinone at C-3 (C-3"). Therefore, fusarnaphtho-
quinone C (4) was identified as a new spiro dihydronaphthoquinone-
tetrahydroanthraquinone derivative.

Fusarone (5) was isolated as a colorless gum with the molecular
formula C,4H,,05 by HREIMS. It showed absorption bands at 3209
and 1731 cm™! for hydroxy and carbonyl groups, respectively. A
3,4-disubstituted cyclopentanone was established using a series of
"H—'H COSY cross-peaks (Supporting Information) from H,-2 (dy
2.32 and 2.06) through H-3 (0 1.82) to H-4 (dy 1.88) and then to
H,-5 (0 2.16 and 1.42) as well as the HMBC correlations of both
H,-2 and H»-5 with C-1 (6¢ 220.2). Another series of 'H—'H COSY
correlations from Hy-6 (O 2.35) through an olefinic proton (H-7,
On 5.23) to the other olefinic proton (H-8, dy 5.43) and then to
H,-9 (0y 2.01) and H3-10 (O 0.95) constructed a 2-pentenyl unit.
The configuration of the double bond was assigned as Z due to a
coupling constant of 10.8 Hz between H-7 and H-8. The 'H—'H
COSY cross-peaks of Hy-12 (dy 1.75 and 1.63) and H,-13 (0y 2.38)
together with the HMBC correlations of both H,-12 and H,-13 to
C-11 (O¢ 34.1) and C-14 (Oc 177.8) established a 3-carboxypropyl
unit. In the HMBC spectrum, H-3 of the cyclopentanone exhibited
a 3/ HMBC correlation with C-7 (d¢ 125.3) of the 2-pentenyl unit
(Supporting Information), while H,-12 of the carboxypropyl unit
showed the same correlation with C-4 (Oc 40.9). These data
sequentially connected the 2-pentenyl and the carboxypropyl units
at C-3 (Oc 54.8) and C-4 of the cyclopentanone ring. In the
NOEDIFF experiment, irradiation of H,-11 enhanced the signal
intensity of H-3, but not any protons of the 2Z-pentenyl unit,
indicating that two substituents on the cyclopentanone ring were
trans-oriented. Therefore, fusarone (5) was identified as a new
cyclopentanone derivative.

The isolated compounds 1—-3, 5—11, 13—16, 18, and 2-(2’S-
hydroxypropyl)-5-methyl-7-hydroxychromone were tested for an-
tibacterial activity against Staphylococcus aureus (SA) and methicillin-
resistant SA. Compounds 6, 10, 15, 16, and 18 exhibited very mild
antibacterial activity against both strains (MIC values >350 uM).
For antifungal activity, among the naphthoquinone derivatives 2—3,
13—16, and 18, compounds 3 and 16 exhibited very weak antifungal
activity against Cryptococcus neoformans and Microsporum gyp-
seum (MIC values >200 uM).

The known octahydroanthraquinone 7 has been previously
reported to exhibit antimalarial (against Plasmodium falciparum
K1, ICsy 24.50 /4M)6 and antimycobacterial (against Mycobacterium
tuberculosis H37Ra, MIC 38.57 /JLM)6 activities. Thus, the an-
thraquinone (6, 7, and 9—11) and naphthoquinone (2, 13, 15, 16,
and 18) derivatives were further evaluated for these activities (Table
4). Compounds 9, 11, 13, and 18 displayed weak antimalarial
activity, but better activity than 7, with ICs, values in the range
9.8—14 uM. Compounds 11 and 18 exhibited milder activity than
7 against M. tuberculosis. In addition, they were evaluated for
cytotoxic activities against oral human carcinoma cells (KB), human
breast cancer cells (MCF-7), and noncancerous Vero cells (African
green monkey kidney fibroblasts). Compounds 2, 10, and 15 were
noncytotoxic to Vero cell lines. Compound 10 was selectively
cytotoxic to MCF-7 cells, whereas compound 9 exhibited strong
activity to all tested cell lines. Furthermore, compound 18 showed
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Table 4. Antimalarial, Antimycobacterial, and Cytotoxic
Activities of Some Metabolites

anti-TB
(MIC uM)  cytotoxicity (ICsg, uM)

antimalarial
(ICs0, uM)

P. falciparum M.

compound K1 tuberculosis KB~ MCF-7  Vero
2 4 4 130 22 4
6 4 4 19 15 57
7 25 39 49 6.2 54
9 9.8 4 0.9 2.7 42
10 d d d 63 d
11 13 41 88 5.4 29
13 12 4 5.7 13 170
15 4 4 120 101 4
16 4 4 14 9.8 79
18 14 87 2.0 0.9 58
dihydroartemisinin® 0.004
isoniazid” 0.17-0.34
doxorubicin® 0.33 2.18
ellipticine® 1.10 4.47

@ Standard antimalarial drug. ” Reference compounds for anti-
mycobacterial activity. ¢ Standard compounds for cytotoxicity assay.
4 Tnactive.

significant selective cytotoxicity to both KB and MCF-7 cell lines.
Interestingly, compounds 9 and 18 displayed cytotoxic activity as
potent as the standard compounds against KB and MCF-7 cell lines,
respectively. Because they share a common 1,4-naphthoquinone
unit, this unit may play an important role in the activity. It is worth
noting that the hydropyran unit in compound 18 might contribute
to the selective cytotoxic activity.

Experimental Section

General Experimental Procedures. Optical rotations were measured
on a JASCO P-1020 polarimeter. The ultraviolet (UV) absorption
spectra were measured in MeOH on a Shimadzu UV-160A spectro-
photometer. The infrared (IR) spectra were recorded neat using a Perkin-
Elmer 783 FTS165 FT-IR spectrometer. 'H and '>*C NMR spectra were
recorded on a 300 MHz Bruker FTNMR Ultra Shield spectrometer.
Chemical shifts are expressed in 0 (ppm) referring to the tetrameth-
ylsilane peak. Mass data were obtained on a MAT 95 XL mass
spectrometer (ThermoFinnigan). Thin-layer chromatography (TLC) and
preparative TLC were performed on silica gel 60 GFpss (Merck).
Column chromatography was carried out on Sephadex LH-20 with
MeOH, silica gel (Merck) type 60 (230—400 mesh ASTM) or type
100 (70—230 mesh ASTM), or on reversed-phase silica gel C-18. Light
petroleum had a bp of 40—60 °C.

Fungal Material. The marine-derived fungi Fusarium spp. PSU-
F14 and PSU-F135 were isolated from a gorgonian sea fan (Annella
sp.) collected near Koh Hin Ran Pet, Suratthani Province, on October
11, 2005, by Mr. Sakanan Plathong, the Department of Biology, Faculty
of Science, Prince of Songkla University. They were deposited at the
Department of Microbiology, Faculty of Science, Prince of Songkla
University, as PSU-F14 and PSU-F135 (GenBank accession numbers
EU714385 and EU714402, respectively) on October 20, 2005.

The fungus PSU-F135 was identified on the basis of its morphologi-
cal and molecular characteristics. Its colony is rapid-growing, woolly
to cottony, and white in color with some tinge of pink in the mycelium
and pink to pale orange pigment in the agar medium. It produces two
kinds of conidia: macroconidia with multiple cells, slightly curved at
the pointed ends, and one-celled microconidia, which are the charac-
teristics of the genus Fusarium.' Its 550 base pair ITS sequence
(EU714402) had 98.2% sequence identity to that for Fusarium sp.
NRRL 43815 (EF453208). This confirmed the identity of PSU-F135
to be a Fusarium sp. Colonies of the fungus PSU-F14 are also rapid-
growing, velvety, and pale orange in color. They release a bright orange
pigment into the agar medium. As neither conidia nor spores were
observed, this fungus was identified on the basis of the analysis of the
ITS regions of its rDNA gene. Its 525 base pair ITS sequence
(EU714385) had 99.8% and 100% sequence identity to those for
Fusarium spp. AF158314 and AF158313, respectively. This confirmed
the identity of PSU-F14 to be a Fusarium sp.

Fermentation, Extraction, and Isolation. The marine-derived fungi
Fusarium spp. PSU-F14 and PSU-F135 were grown on potato dextrose
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agar at 25 °C for 5 days. Three pieces (0.5 x 0.5 cm?) of mycelial
agar plugs were inoculated into 500 mL Erlenmeyer flasks containing
300 mL of potato dextrose broth at room temperature for four weeks.
The flask culture (15 L) was filtered to separate filtrate from wet
mycelia. The filtrate was divided into three portions. Each portion was
extracted three times with an equal volume of EtOAc (3 x 800 mL).
The combined EtOAc layer was dried over anhydrous Na,SO, and
evaporated to dryness under reduced pressure to give a dark red solid
(3.7 g) and a red-brown gum (839.0 mg) from Fusarium spp. PSU-
F14 and PSU-F135, respectively. The mycelia cake from the fungus
PSU-F14 was extracted with MeOH (500 mL). The MeOH layer was
concentrated under reduced pressure. HO (100 mL) was added to the
extract, and the mixture was washed with hexane (300 mL). The
aqueous residue was extracted three times with an equal volume of
EtOAc (3 x 300 mL). The EtOAc layer was then dried over anhydrous
Na,SO, and evaporated to dryness to obtain a brown solid (560.0 mg).
The extracts from the fungi PSU-F14 and PSU-F135 were then
subjected to a variety of chromatographic techniques to give compounds
1 (3.1 mg), 2 (4.0 mg), 3 (3.0 mg), 4 (1.5 mg), and 5 (3.1 mg) and 18
other compounds. Details are shown in flow diagrams in the Supporting
Information.

Fusaranthraquinone (1): colorless gum; [a]®p —18 (c 0.92,
acetone); UV (MeOH) A, (log €) 242 (3.91), 280 (3.61), 353 (3.42)
nm; IR (neat) Ve 3417, 1667 cm™'; "H NMR (acetone-dg, 300 MHz),
see Table 1; '3C NMR (acetone-ds, 75 MHz), see Table 1; HREIMS
mlz [M]* 324.1195 (caled for CigHp07, 324.1209).

Fusarnaphthoquinone A (2): colorless gum; [a]**p —25 (c 0.45,
MeOH); UV (MeOH) A« (log €) 244 (3.51), 282 (3.69), 352 (3.26)
nm; IR (neat) Vi 3330, 1700, 1682 cm™'; 'H NMR (CDCl;, 300 MHz),
see Table 2; 3*C NMR (CDCl;, 75 MHz), see Table 2; HREIMS m/z
[M — H,0]" 292.0948 (calcd for C;5H;606, 292.0947).

Fusarnaphthoquinone B (3): red gum; [a]*p —11 (¢ 0.12, MeOH);
UV (MeOH) Apnax (log €) 227 (4.08), 312 (4.01), 360 (3.45) nm; IR
(neat) Vmax 3425, 1629 cm™'; '"H NMR (CDCls, 300 MHz), see Table
2; 3C NMR (CDCls, 75 MHz), see Table 2; HREIMS m/z [M]*
276.1001 (caled for CysH;60s, 276.0988).

Fusarnaphthoquinone C (4): red gum; [a]®p —125 (¢ 0.13,
MeOH); UV (MeOH) Anna (log €) 227 (4.23), 275 (3.70), 296 (3.69),
403 (3.61), 473 (3.47), 500 (3.53), 535 (3.44), 571 (3.12) nm; IR (neat)
Vmax 3470, 1717, 1644 cm™!; '"H NMR (CDCl3, 300 MHz), see Table
3; 3C NMR (CDCls, 75 MHz), see Table 3; HREIMS m/z [M]*t
550.1478 (caled for CagH6041, 550.1475).

Fusarone (5): colorless gum; [a]®p —58 (¢ 0.20, MeOH); UV
(MeOH) A (log €) 213 (3.18) nm; IR (neat) vy 3209, 1731 cm™!;
"H NMR (CDCl;, 300 MHz) ¢ 5.43 (1H, dtt, J = 10.8, 7.2, 1.5 Hz,
H-8), 5.23 (1H, dtt, J = 10.8, 7.5, 1.5 Hz, H-7), 2.38 (2H, m, H-13),
2.35 (2H, m, H-6), 2.32 (1H, m, H-2a), 2.16 (1H, m, H-5a), 2.06 (1H,
m, H-2b), 2.01 (2H, m, H-9), 1.88 (1H, m, H-4), 1.82 (1H, m, H-3),
1.77 (1H, m, H-11a), 1.75 (1H, m, H-12a), 1.63 (1H, m, H-12b), 1.42
(1H, m, H-5b), 1.31 (1H, m, H-11b), 0.95 (3H, t, / = 7.5 Hz, H-10);
13C NMR (CDCl;, 75 MHz) ¢ 220.2 (C, C-1), 177.8 (C, C-14), 133.7
(CH, C-8), 125.3 (CH, C-7), 54.8 (CH, C-3), 40.9 (CH, C-4), 37.9
(CH,, C-2), 34.1 (CH,, C-11), 33.8 (CH,, C-13), 26.9 (CH,, C-5), 25.5
(CH,, C-6), 22.3 (CH,, C-12), 20.6 (CH,, C-9), 14.1 (CH;, C-10);
HREIMS m/z [M]* 238.1560 (caled for Ci4H»03, 238.1569).

9a-Hydroxydihydrodesoxybostrycin (6): [o]*, —8 (c 0.16, MeOH);
[lit. [a]*p —5.6 (¢ 0.16, MeOH)].°

Antimicrobial Assays Using a Colorimetric Broth Microdilution
Test. Antimicrobial activity was determined as described by the Clinical
and Laboratory Standards Institute®®~> and Drummond and Waigh.>?

Antimycobacterial Assay. Antimycobacterial activity was deter-
mined against M. tuberculosis H37Ra using green fluorescent protein
(GFP)-based fluorescent detection.?*

Antimalarial Assay. The activity was evaluated against the parasite
P. falciparum (K1, multi-drug-resistant strain), using the microculture
radioisotope technique based on the method described.?

Cytotoxicity Assays. The activity assay against African green
monkey kidney fibroblast (Vero) cells was performed in triplicate
employing the method described by Hunt and co-workers.”® The
activities against KB and MCF-7 cell lines were evaluated using the
resazurin microplate assay.?’
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Nigrosporanenes A (1) and B (2), two new cylohexene derivatives, and tyrosol (3) were isolated
from the sea fan-derived fungus Nigrospora sp. PSU-F11, whereas five known compounds: 4-
hydroxybenzoic acid (4), aplysiopsene D (5), 3-isochromanone (6), (-)-drimenin (7) and dike-
topiperazine derivative (8), were obtained from the fungus Nigrospora sp. PSU-F12. Their
structures were established by spectroscopic evidence. We also tested their cytotoxic (on Afri-
can green monkey kidney fibroblast and breast cancer cells), antioxidant (in the DPPH assay),
and antibacterial (against the standard Staphylococcus aureus ATCC 25923 and methicillin-

resistant S. aureus) activities.

Key words: Nigrospora sp., Cyclohexenes, Lactones, Cytotoxic activity, Antioxidant activity,

Antibacterial activity

INTRODUCTION

During our ongoing search for bioactive natural
products from marine-derived fungi, a number of
isolates in the genus Nigrospora with interesting
biological activities were isolated from a gorgonian sea
fan (Annella sp.) collected near the Similan Islands,
Southern Thailand. Bioactive secondary metabolites
isolated from Nigrospora sp. include phytotoxic and
antibacterial nigrosporins from Nigrospora oryzae
(Tanaka et al., 1997), herbicidal phomalactone from
the culture broth of Nigrospora sacchari (Fukushima
et al., 1998), and antiviral aphidicolin from Nigrospora
sphaerica (Starratt et al., 1974; Michaelis et al., 2002).
We have recently identified metabolites from two sea
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fan-derived fungi, Nigrospora sp. PSU-F5 (Trisuwan
et al., 2008), which contained epxydon and pyrone
analogues, and PSU-F18 (Trisuwan et al., 2009), which
contained pyrone derivatives of the solanapyrone type.
We report herein the isolation of two new cyclohexene
metabolites (1 and 2) along with one known phenol,
tyrosol (3) (Trisuwan et al., 2009), from the fungus
Nigrospora sp. PSU-F11, and five known metabolites,
4-hydroxybenzoic acid (4) (Pyo et al., 2002), aplysio-
psene D (5) (Ciavatta et al., 2009), 3-isochromanone
(6) (Almena et al., 1995), (-)-drimenin (7) (Akita et al.,
2000), and diketopiperazine derivative (8) (Chu et al.,
1993), from the fungus Nigrospora sp. PSU-F12. We
also report on their antibacterial activity against the
standard Staphylococcus aureus ATCC 25923 (SA)
and methicillin-resistant S. aureus (MRSA), antioxi-
dant activity in the DPPH assay, and cytotoxicity
against both breast cancer (MCF-7) and African green
monkey kidney fibroblast (Vero) cell lines.
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MATERIALS AND METHODS

General experimental procedures

The Infrared (IR) spectra were recorded using a
Perkin-Elmer 783 FTS165 FT-IR spectrometer. The
Ultraviolet (UV) absorption spectra were measured on
a SHIMADZU UV-160A spectrophotometer. 'H and
13C NMR spectra were recorded on a 300 MHz Bruker
FTNMR Ultra Shield™ spectrometer in deutero-
chloroform solution with tetramethylsilane (TMS) as
an internal standard. The electron ionization (EI) and
high resolution electron ionization (HREI) mass
spectra were obtained on a MAT 95 XL, Mass Spectro-
meter (Thermofinnigan). Optical rotation was mea-
sured on a JASCO P-1020 polarimeter. Thin-layer
chromatography (TLC) and preparative TLC were
performed on silica gel 60 GFs54 (Merck). Column
Chromatography (CC) was performed on Sephadex
LH-20 with MeOH, silica gel (Merck) type 60 (230-400
mesh ASTM) or type 100 (70-230 mesh ASTM) with a
MeOH-CH,Cl, gradient, or reverse phase C-18 silica
gel with a MeOH-H,0 gradient. Light petroleum had
a bp of 40-60°C.

Fungal material

The fungi Nigrospora sp. PSU-F11 and PSU-F12
were isolated from the gorgonian sea fan (Annella sp.),
which was collected near the Similan Islands, Thailand,
in 2005. They were deposited as PSU-F11 and PSU-
F12 at the Department of Microbiology, Faculty of
Science, Prince of Songkla University.

Fermentation and isolation

The broth extracts of both fungi were prepared
using the same procedure as described for Nigrospora
sp. PSU-F5 (Trisuwan et al., 2008). The crude extract
of Nigrospora sp. PSU-F11 (497.7 mg) was subjected
to CC over Sephadex LH-20 to obtain four fractions
(1A-1D). Fraction 1B (287.9 mg) was further purified
by CC over silica gel to afford three subfractions (1B1-
1B3). Subfraction 1B2 (101.4 mg, eluted with 2-4%
MeOH-CH,Cly), was purified by reverse phase C-18
CC to give three subfractions. The second subfraction
(48.1 mg, eluted with 40-60% MeOH-H,0) was further
purified by flash CC over silica gel to afford 1 (6.4 mg)
and 2 (4.5 mg). Fraction 1C (64.9 mg) was purified by
CC over silica gel with 30% EtOAc-light petroleum
followed by preparative TLC using 20% acetone-light
petroleum (6 runs) as a mobile phase to afford 3 (2.7
mg). Purification of the broth extract of the fungus
PSU-F12 (519.3 mg) was performed by CC over
Sephadex LH-20 to give four fractions (2A-2D). Frac-
tion 2B (266.6 mg) was then subjected to CC over
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silica gel to afford four subfractions (2B1-2B4). Sub-
fraction 2B1 (17.9 mg, eluted with 1% MeOH-CH,Cly)
was purified by preparative TLC using 3% EtOAc-
light petroleum (7 runs) as a mobile phase to give 6
(1.2 mg) and 7 (5.7 mg). 5 (1.5 mg) was obtained after
subjecting subfraction 2B2 (4.4 mg, eluted with 1-2%
MeOH-CH,Cly) to preparative TLC using 4% EtOAc-
light petroleum (9 runs) as a mobile phase. Subfrac-
tion 2B3 (58.3 mg, eluted with 2-8% MeOH-CH,Cly)
was subjected to CC over silica gel to afford 8 (1.2 mg).
Fraction 2C (40.8 mg) was separated by reverse phase
C-18 CC and then re-chromatographed by CC over
Sephadex LH-20 to afford 4 (4.7 mg).

Nigrosporanene A (1)

Colorless gum; [a] 3 -145.2 (MeOH; ¢ 0.85); UV (MeOH)
Amax M (log €): 203 (4.05); IR (neat): 3392, 1705 cm’;
HREIMS m/z 254.1524 [M]* (caled. for C;4Hs0,,
254.1518); EIMS m/z 254 [M*], 236, 163, 107, 91; 'H
NMR (300 MHz, CDCl;) and *C NMR (75 MHz,
CDCly): see Table 1.

Nigrosporanene B (2)

Colorless gum; [a]3? -40.5 MeOH; ¢ 0.54); UV (MeOH)
Amax nM (log €): 206 (4.34); IR (neat):3391, 1708 cm’;
HREIMS m/z 236.1416 [M-H50]" (calcd. for C;,H,0s,
236.1412); EIMS m/z 254 [M"], 236, 163, 107, 91; 'H
NMR (300 MHz, CDCl;) and *C NMR (75 MHz,
CDCly): see Table 1.

Tyrosol (3)

Colorless gum; UV (MeOH) A, nm (log €): 205 (3.47),
222 (3.50), 278 (3.05); IR (neat): 3354 cm; 'H NMR
(300 MHz, CDCly) &: 7.11 (2H, d, J = 9.0 Hz, H-3, H-
5), 6.79 (2H, d, J = 9.0 Hz, H-2, H-6), 3.83 2H, t, J =
6.0 Hz, H-8), 2.81 (2H, t, J = 6.0 Hz, H-7); 1*C NMR
(75 MHz, CDCl,) &: 154.2 (s, C-1), 130.6 (s, C-4), 130.2
d, C-3, C-5), 115.5 (d, C-2, C-6), 63.8 (t, C-8), 38.3 (t,
C-7).

4-Hydroxybenzoic acid (4)

Colorless gum; UV (MeOH) A nm (log €): 253 (3.18),
273 (2.98); IR (neat): 3462, 1656 cm; 'H NMR (300
MHz, CDCly) &: 7.93 (2H, d, J = 8.7 Hz, H-3, H-7), 6.93
(2H, d, J = 8.7 Hz, H-4, H-6); *C NMR (75 MHz,
CDCly) &: 166.9 (s, C-1), 161.8 (s, C-5), 131.8 (d, C-3, C-
7), 121.7 (s, C-2), 115.1 (d, C-4, C-6)

Aplysiopsene D (5)

Colorless gum; [o]3* -109.4 (MeOH; ¢ 0.08); UV (MeOH)
Amax N (log €): 204 (3.87); IR (neat): 1724 cm’; 'H
NMR (500 MHz, CDCls) é: 6.35 (1H, dd, J =10.0, 0.5
Hz, H-8), 6.03 (1H, s, H-5), 3.84 (3H, s, H-15), 2.38
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Table 1. 'H, *C NMR and HMBC data of nigrosporanenes A (1) and B (2) in CDCl;
1 2 1 and 2
Position q 130y ) !
5 (mult., J, Hz) § (mult.) Oy (mult., J, Hz) 8¢ (mult.) HMBC
1 4.20 (brd, 8.4) 72.0 (d) 4.06 (brd, 2.1) 67.4 (d) C-2, C-3, C-6
2 5.67 (dd, 0.9, 10.8) 128.2 (d) 5.57 (d, 10.8) 125.1(d) C-4,C-6
3 5.54 (ddd, 2.1, 3.9, 10.8)  129.4 (d) 5.77 (d, 10.8) 133.3(d) C-1, C-4, C-5, C-10
4 3.19 (m) 42.4 (d) 3.28 (t, 7.8) 37.5 (d) C-2, C-3, C-5, C-6, C-7, C-10, C-11
5 3.19 (m) 51.0 (d) 3.15 (dd, 2.1, 7.8) 48.9 (d) C-3, C-4, C-6, C-8, C-10
6 4.08 (dd, 8.4, 10.2) 72.0 (d) 3.93 (t, 2.1) 70.4 (d) C-1, C-4, C-5, C-7
7 - 213.0 (s) - 2145 (s) -
8 4.36 (q, 7.2) 71.6 (d) 4.47 (q, 6.6) 72.5 (d) C-7, C-9
9 1.40 (d, 7.2) 20.1 (g 1.34 (d, 6.6) 19.4 (q) C-7, C-8
10 5.11 (dd, 8.4, 15.3) 126.8 (d) 524 (dd, 7.8,15.3) 129.8(d) C-3, C-4, C-5, C-7, C-11
11 5.47 (td, 7.2, 15.3) 134.8 (d) 5.50 (td, 7.8, 15.3) 133.5(d) C-4, C-10, C-12, C-13
12 1.94 (dq, 1.2, 7.2) 34.3 (t) 1.95 (q, 7.8) 34.5 (t) C-10, C-11, C-13, C-14
13 1.32 (sext, 7.2) 22.2 (t) 1.36 (sext, 7.8) 22.3 (t) C-11, C-12, C-14
14 0.84 (t, 7.2) 13.5 (q) 0.87 (t, 7.8) 13.7 (q) C-12, C-13

(1H, m, H-9), 1.87 (3H, s, H-14), 1.83 (3H, d, J = 1.5
Hz, H-13), 1.37 (1H, m, Ha-10), 1.28 (1H, m, Hb-10),
0.95 (3H, d, J = 7.0 Hz, H-12), 0.78 (3H, t, J = 7.5 Hz,
H-11); 3C NMR (125 MHz, CDCL,) &: 166.0 (s, C-4),
160.2 (s, C-2), 160.0 (s, C-6), 141.3 (d, C-8), 124.5 (s, C
7), 102.0 (s, C-3), 91.8 (d, C-5), 56.2 (g, C-15), 35.1 (d,
C-9), 30.0 (t, C-10), 20.3 (q, C-12), 12.7 (g, C-13), 12.0
(g, C-11), 8.5 (g, C-14).

3-Isochromanone (6)

Colorless gum; UV (MeOH) A.x nm (log €): 208 (3.63),
246 (3.45); IR (neat): 1756 cm’; 'H NMR (300 MHz,
CDCly) &: 7.46 (1H, d, J = 7.0 Hz, H-8), 7.40 (1H, t, J
=17.0 Hz, H-7), 7.27 (1H, t, J = 7.0 Hz, H-6), 7.08 (1H,
brd, J =7.0 Hz, H-5), 4.62 (2H, s, H-1), 3.89 (2H, s, H-
4); 1¥*C NMR (75 MHz, CDCls) &: 173.3 (s, C-3), 136.1
(s, C-4a), 129.2 (d, C-6), 128.9 (d, C-8), 128.7 (d, C-7),
128.5 (d, C-5), 127.4 (s, C-8a), 71.1 (t, C-1), 34.0 (t, C-
4).

(-)-Drimenin (7)

Colorless gum; [0]3° -57.4 (benzene; ¢ 0.85); UV (MeOH)
Amax N (log €): 208 (3.72); IR (neat): 1762 cm’; 'H
NMR (300 MHz, CDCl;) o: 5.74 (1H, brs, H-7), 4.68
(1H, dt, J = 12.0, 2.0 Hz, Ha-13), 4.65 (1H, dt, J =
12.0, 2.0 Hz, Hb-13), 2.78 (1H, brs, H-9), 2.49 (1H,
ddd, J = 13.5, 5.0, 2.0 Hz, Ha-1), 2.20 (1H, dm, J =
14.0 Hz, Ha-6), 1.99 (1H, dm, J = 14.0 Hz, Hb-6), 1.59
(1H, dm, J = 13.5 Hz, Ha-2), 1.49 (1H, dm, J = 14.0
Hz, Ha-3), 1.48 (1H, dm, J = 13.5 Hz, Hb-2), 1.36 (1H,
dd, J =12.0, 5.0 Hz, H-5), 1.26 (1H, dm, J = 14.0 Hz,
Hb-3), 1.20 (1H, dd, J = 13.5, 3.5 Hz, Hb-1), 0.92 (3H,
s, H-14), 0.90 (3H, s, H-15), 0.88 (3H, s, H-16); 1*C
NMR (75 MHz, CDCly) 8: 175.2 (s, C-11), 129.9 (s, C

8), 121.2 (d, C-7), 69.8 (t, C-13), 53.7 (d, C-9), 49.7 (d,
C-5), 42.4 (t, C-3), 38.5 (t, C-1), 34.4 (s, C-10), 33.1 (s,
C-4), 33.0 (g, C-15), 23.4 (t, C-6), 21.4 (q, C-14), 18.3 (¢,
C-2), 13.9 (g, C-16).

Sch 54796 (8)

White solid; mp 202.0-204.0°C; [a]3® -50.9 (MeOH; ¢
0.10); UV MeOH) Ao« nm (log €): 206 (3.47), 224 (2.44),
272 (2.52); IR (neat): 3177, 3066, 1672 cm'; 'H NMR
(300 MHz, CDCly) &: 7.10 (2H, d, JJ = 8.5 Hz, H-9, H-
9, 6.78 (1H, d, J = 8.5 Hz, H-10, H-10"), 6.05 (1H, brs,
4-NH), 5.97 (1H, brs, 1-NH), 5.39 (1H, tm, J = 7.0 Hz,
H-13), 4.90 (1H, d, J = 1.5 Hz, H-3), 4.41 (2H, d, J =
6.5 Hz, H-12), 3.50 (1H, d, J = 14.0 Hz, Ha-7), 2.95
(1H, d, J = 14.0 Hz, Hb-7), 2.16 (3H, s, H-18), 1.72
(3H, s, H-15), 1.67 (3H, s, H-16), 1.64 (3H, s, H-17); 13C
NMR (75 MHz, CDCl,) &: 165.3 (s, C-5), 164.5 (s, C-2),
158.8 (s, C-11), 138.3 (s, C-14), 132.1 (d, C-9, C-9),
125.1 (s, C-8), 119.6 (d, C-13), 115.0 (d, C-10, C-10"),
67.8 (s, C-6), 64.9 (t, C-12), 58.5 (d, C-3), 43.0 (t, C-7),
25.8 (q, C-15), 18.2 (q, C-16), 13.3 (q, C-18), 11.3 (q, C
17).

Biological assays

The antibacterial activity was evaluated against SA
and MRSA using the agar microdilution method
(Lorian, 1996). MICs were recorded by reading the
lowest substance concentration that inhibited visible
growth. Vancomyecin, a positive control drug, exhibited
an MIC value of 1 ug/mL. Growth controls were per-
formed on the agar containing DMSO. Antioxidant
activity was tested as previously described (Yen and
Hsieh, 1997) and presented as ICsq (sample concentra-
tion that produced 50% scavenging of the DPPH
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radical). 2,6-Di-tert-butyl-4-methylphenol, the standard
reagent, gave an I1Cso value of 0.02 mg/mL. The cyto-
toxicity assay against African green monkey kidney
fibroblasts (Vero) and MCF-7 (human breast cancer)
cells was performed using the calorimetric method
(Skehan et al., 1990). The standard compound, ellipti-
cine, showed an ICs, value of 2.40 ug/mL.

RESULTS AND DISCUSSION

The fungi PSU-F11 and PSU-F12 were identified as
Nigrospora species on the basis of morphological
characteristics (Barnett and Hunter, 1998). Their col-
onies were rapid-growing, woolly to cottony, and white
to gray in color. The hyphae were septate. Conidiophores
are simple, unbranched, and short, with inflated ends
or vesicle. The conidium was black, spherical, and
borne on the end of the vesicle. The fungal strain was
cultivated on potato dextrose broth at room tempera-
ture for 4 weeks. The ethyl acetate extracts of the
culture broth of PSU-F11 and PSU-F12 were subjected
to chromatographic purification. The former afforded
two new cyclohexene analogues (1 and 2) and the
known tyrosol (3), whereas the latter yielded five
known metabolites: 4-hydroxybenzoic acid (4), aplysio-
psene D (5), 3-isochromanone (6), (-)-drimenin (7) and
a diketopiperazine derivative (8). Their structures
were established on the basis of spectroscopic an-
alyses, including 2D NMR spectroscopic techniques.
For the known compounds, their 'H and *C NMR
data were also compared with previous reports. The
relative configuration of 1 and 2 was established on
the basis of NOEDIFF data. The absolute configura-
tion at C-1 and C-6 of 1 and 2 could be resolved using
the Harada-Nakanishi dibenzoate rule (Ayer et al.,
1992; Hashimoto et al., 2008), but we did not have
sufficient material. The absolute configuration of the
known metabolites was assigned by NOEDIFF data
and by comparison of their optical rotation with the
literature.

Nigrosporanene A (1), with the molecular formula
C14H990, from HREIMS, was obtained as a colorless
gum with [0]3 -145.2 (MeOH; ¢ 0.85). It exhibited
hydroxyl and carbonyl absorption bands at 3392 and
1705 cm’, respectively, in the IR spectrum. The
olefinic proton signals at 8 5.67 and 5.54 (Table I)
were assigned as cis-olefinic protons, H-2 and H-3,
respectively, according to the coupling constant of 10.8
Hz. The 'H-'H COSY spectrum showed correlations of
H-2 with H-1(5 4.20) and H-3; H-4 (6 3.19) with H-3
and H-5 (6 3.19); and H-6 (8 4.08) with H-1 and H-5.
These results together with the chemical shifts of H-1
and H-6 established a cyclohexene skeleton with a
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double bond at C-2 and C-3 and hydroxyl groups at C-
1 and C-6. The chemical shifts of C-1 (8 72.0) and C-6
(& 72.0) supported the above assignment. Two remain-
ing olefinic protons were attributed to H-10 (8 5.11)
and H-11 (8 5.47), which had trans orientation ac-
cording to their coupling constant of 15.3 Hz. In the
'H-'H COSY spectrum, H-11 showed cross peaks with
H-10 and H-12 (8 1.94), whereas H,-13 (5 1.32) gave
the same correlations with Hy-12 and Hs-14 (5 0.84) to
show a 1-pentenyl subunit. Furthermore, the following
'H-'H COSY and HMBC data (Table I) indicated the
presence of a -(CO)CH(OH)CHj; subunit. The hydroxy-
methine proton, H-8 (5 4.36), exhibited a "H-'H COSY
cross peak with H3-9 (8 1.40) and gave HMBC correl-
ations with C-7 (6 213.0) and C-9 (8 20.1). The connec-
tivity of the three assigned subunits was deduced by
the HMBC correlations of H-10 with C-3 (8 129.4), C-
4 (8 42.4), and C-5 (5 51.0); H-4 with C-7; and H-5 with
C-8 (5 71.6). These results showed the attachment of
the 1-pentenyl and o-hydroxy ketone units at C-4 and
C-5 of the cyclohexene ring, respectively. The relative
stereochemistry of 1 was determined by the NOEDIFF
data and <J values. H-6 was coupled with H-1 and H-5
with coupling constants of 8.4 and 10.2 Hz, respectively,
indicating that these protons were at pseudoaxial
positions (Fig. 2). The signal intensity of H-6 was
enhanced when H-10 of the 1-pentenyl subunit was
irradiated in the NOEDIFF experiment, and was
assigned to the pseudoaxial position. Thus, the sub-
stituents of the cyclohexene ring, except for the 1-
pentenyl subunit, were pseudoequatorially oriented.
The difference in the JJ value of the pseudoaxial H-1
and H-2 versus that of H-3 and the pseudoequatorial
H-4 (Jolad et al., 1981) supported this conclusion.
Therefore, 1 was identified as a new cyclohexene deri-
vative (Fig. 1).

Nigrosporanene B (2) was obtained as a colorless
gum with [o]3® -40.5 (MeOH; ¢ 0.54), and possessed
the same molecular formula as 1 from HREIMS. The
UV and IR absorption bands of 2 were similar to those
of 1. Comparison of their 'H, *C NMR and HMBC
data (Table I) indicated that their structures were
alike. In the half-chair conformation, H-4 (8 3.28) was
coupled with H-5 (8 3.15) with a large coupling con-
stant of 7.8 Hz, indicating a trans diaxial relationship
(Fig. 2). In addition, H-5 was coupled with H-6 (5 3.93)
with a small coupling constant of 2.1 Hz, suggesting a
pseudoequatorial location, not pseudoaxial as in 1. H-
1 (8 4.06) was located either pseudoaxially or pseudo-
equatorially with a small ¢/ value of 2.1 Hz between H-
1 and H-6. H-1 was assigned the pseudoaxial position,
identical to 1, on the basis of the similar / values of H-
1 and H-2 in both compounds. This assignment was
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1.'R1 =R3 =H, Rz =R4 =OH' RS =a-H
2:R, =R4 =OH, R, =R3 =H, Rs = -H

Fig. 1. Structures of compounds 1-11

supported by the signal enhancement of H-1 upon
irradiation of H-5 in the NOEDIFF experiment. There-
fore, 2 differed from 1 in the spatial arrangement of
the substituents at C-4 (8 37.5) and C-6 (8 70.4) (Fig.
1).

Several fungal metabolites related to compounds 1
and 2, arthropsatriols A (9) and B (10) (Ayer et al.,
1992), and norleptospol C (11) Murakami et al. 2009),
have been isolated from Arthropsis truncata and
Leptosphaeria doliolum, respectively. Although all of
them have different relative stereochemistry, they
share common structural features: C-1 and C-6
hydroxyl groups, a C-5 three-carbon chain, and a C-4
trans-1-alkenyl substituent with various numbers of
carbons. Thus, compounds 1, 2, and 11 may have a
biosynthetic pathway similar to that proposed for 9
and 10 (Ayer and Craw, 1992).

Compounds 1, 2, and 7 were evaluated for cytotoxic
activity against MCF-7 and Vero cell lines, antioxi-
dant activity with the DPPH assay, and antibacterial

H O on H ™ OH

1 2
Fig. 2. The half-chair conformation of nigrosporanenes A (1)
and B (2)
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activity against SA and MRSA. Compound 1 exhibited
cytotoxic activity against MCF-7 and Vero cells with
respective 1Cso values of 9.37 and 5.42 pug/mL, where-
as 2 and 7 were inactive at 50 ug/mL. Compound 7
was inactive against KB (mouth epidermoid carcin-
oma), HL60 (promyelocytic leukemia), and HCT116
(colon) cancer cell lines (Allouche et al., 2009). No
compound showed antibacterial activity against SA
and MRSA at the concentration of 200 pg/mL. Finally,
1 and 2 showed weak radical scavenging activity with
IC5 values of 0.34 and 0.24 mg/mlL, respectively,
whereas 7 was inactive.
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Pyrones, named nigrosporapyrones A-D (1-4), and five known compounds were isolated from the mar-
ine-derived fungus Nigrospora PSU-F18. Their structures were elucidated on the basis of spectroscopic
evidence. The antibacterial activity against the standard Staphylococcus aureus ATCC 25923 and methicil-
lin-resistant S. aureus was evaluated.
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1. Introduction

The genus Nigrospora has been recognized as plant endophyte
and also as a rich source of biologically active secondary metabo-
lites, including herbicidal lactones (Fukushima et al., 1998), anti-
bacterial nigrosporins (Tanaka et al, 1997), phytoxin
epoxyexserohilone (Cutler et al., 1991) and antibiotic griseofulvin
(Furuya et al., 1967). We recently reported the isolation and the
antibacterial activity of metabolites isolated from the first mar-
ine-derived fungus Nigrospora sp. (Trisuwan et al., 2008). We de-
scribed herein investigation of the second marine-derived fungus
Nigrospora sp. PSU-F18 of which the ethyl acetate extract from
the culture broth exhibited interesting antibacterial activity
against standard Staphylococcus aureus ATCC 25923 (SA) and a clin-
ical isolate of methicillin-resistant S. aureus (MRSA). Investigation
of the broth extract led to isolation and structural elucidation of
four new pyrones, nigrosporapyrones A-D (1-4) together with five
known compounds, solanapyrone A (5) (Alam et al., 1989), (+)-
phomalactone (6) (Yang et al., 1997), 5-(S)-[1-(1(S)-hydroxybut-
2-enyl)]-dihydrofuran-2-one (7) (Fukushima et al., 1998), musacin
F (8) (Grabley et al., 1994) and tyrosol (9) (Rasser et al., 2000).

2. Results and discussion

The marine-derived fungus Nigrospora sp. PSU-F18 was isolated
from the sea fan (Annella sp.). As neither conidia nor spores were

* Corresponding author. Tel.: +66 74 288 435; fax: +66 74 212 918.
E-mail address: vatcharin.r@psu.ac.th (V. Rukachaisirikul).

0031-9422/$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
doi:10.1016/j.phytochem.2009.01.008

observed, this fungus was identified based on the analyses of the
partial large subunit (LSU) and the ribosomal internal transcribed
spacer (ITS) regions of their rDNA gene. Its LSU sequence
(EU852533) matched with the closely related sequence of Nigros-
pora sp. AY234934 with 100% bootstrap support. Moreover, its
ITS sequence (EU714386) was well placed in the major Nigrospora
clade comprising Nigrospora sp. (AM262341, EU714382, EF589888,
AM921707, EF564154) and Nigrospora oryzae (EU427044,
EU529995, EU529994, EU529993, DQ219433, EU196745) with
high statistical support (98%) and sequence similarity between
94.7% and 95.8%. The fungus PSU-F18 was then identified as Nigros-
pora sp.

The culture broth of this fungus grown in potato dextrose broth
at room temperature for 4 weeks was extracted with EtOAc. The
crude extract obtained was subjected to chemical investigation,
leading to the isolation of compounds 1-9. Six of them were pyr-
one derivatives (1-6), including four solanapyrone derivatives
(1-3 and 5). Their antibacterial activity against SA and MRSA was
evaluated.

Nigrosporapyrone A (1) was obtained as a colorless gum with
the molecular formula C;gH,,05 from HREIMS. The UV spectrum
displayed maximum absorption bands at /imax 228, 273 and
320 nm while the IR spectrum showed absorption bands for hydro-
xyl (3390 cm™1), conjugated ester carbonyl (1719 cm™!) and conju-
gated aldehyde carbonyl (1698 cm ') groups. The 'H and *C NMR
spectra (Table 1) displayed characteristic signals for a decalin skel-
eton with a C3-C4 double bond, a hydroxyl group at C-6 (5 73.6)
and a methyl group attached at C-2 (§ 35.1). The 'H-"H COSY cor-
relations supported the presence of the decalin moiety. The
following HMBC correlations (Table 2), H3-16 (6 0.98, d,
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Table 1
'H and '*C NMR data of 1-3.
Position 1 2 3
Sy, mult. (J in Hz) d¢c, mult. oy, mult. (J in Hz) d¢c, mult. oy, mult. (J in Hz) d¢c, mult.
1 233, m 49.0, CH 2.24,dd (12.0, 9.9) 48.5, CH 229, m 46.8, CH
2 2.65, m 35.1, CH 2.63, m 34.6, CH 2.59, m 34.7, CH
3 5.63,d (9.9) 132.1, CH 5.62,d(10.2) 132.5, CH 5.49, dt (10.0, 1.5) 131.0, CH
4 6.06, ddd (9.9, 5.1, 2.4) 128.5, CH 6.04, ddd (10.2, 4.8, 2.4) 128.3, CH 5.64, m 131.2, CH
5 2.06, m 44.1, CH 2.02, m 442, CH 2.59, m 30.4, CH
6 3.50, td (10.2, 4.5) 73.6, CH 3.46, m 73.8, CH a: 1.81, dm (14.0) 36.1, CH,
b: 1.36, td (14.0, 2.5)
7 a: 2.00, m 35.4, CH, a: 1.96, m 35.4, CH, 4.10, m 65.6, CH
b: 1.28, m b: 1.30, m
8 1.40, m 27.9, CH, 1.46, m 27.9, CH, 1.55, m 27.7, CH,
9 a: 1.63, m 20.1, CH, a: 1.46, m 20.1, CH, a: 1.93, tm (13.0) 21.5, CH,
b: 1.40, m b: 1.32, m b: 1.28, m
10 237, m 36.8, CH 241, m 36.3, CH 2.29, m 35.3,CH
11 175.5, qC 175.0, qC 175.0, qC
12 6.14, s 95.9, CH 597, s 96.1, CH 598, s 95.6, CH
13 173.5, qC 171.5, qC 172.5, qC
14 102.0, qC 94.9, qC 94.9, qC
15 162.2, qC 160.5, qC 160.6, qC
16 0.98,d (7.2) 20.2, CH3 0.98, d (6.9) 20.2, CH3 0.97,d (7.0) 20.3, CH3
17 10.15, s 186.6, CH 9.98, s 191.3, CH 10.00, s 191.4, CH
18 4.08, s 57.8, CH3 3.54,q (54) 44.9, CH, 3.52,q (5.5) 44.8, CH,
18-NH 10.85, brs 10.87, brt (1.5)
19 3.89,t (5.4) 61.1, CH, 3.90, t (5.5) 61.2, CH,
Table 2
Selected HMBC correlations of 1-3.
Position 1 3
H-1 C-5, C-11, C-12, C-16 C-2, C-5, C-10, C-11, C-12, C-16 C-10, C-11, C-16
H-2 C-3,C-16 C-1
H-3 C-1,C-2, C-5, C-16 C-1,C-2, C-5, C-16 C-1, C-2, C-5, C-16
H-4 C-2, C-5,C-10 C-2, C-5, C-10 C-3
H-5 C-1, C-3, C-4, C-6, C-10 C-1, C-3, C-4, C-6, C-10 C-1
H-6 C-4,C-8 C-5
H-7 C-5, C-6, C-8, C-9 C-6, C-8, C-9
H-8 C-6, C-10 C-7,C9
H-9 C-5, C-8, C-10 C-7,C-8 C-1
H-10 C-2,C-5,C-8 C-1,C-5 C-1
H-12 C-1, C-11, C-13, C-14, C-17 C-1, C-11, C-13, C-14, C-17 C-1,C-13,C-14
H-16 C-1,C-2,C-3 C-1,C-2,C-3 C-1,C-2,C-3
H-17 C-13, C-14, C-15 C-12, C-14, C-15 C-13, C-14, C-15
H-18 Cc-13 C-13,C-19 C-19
H-19 C-18 C-18

J=7.2Hz)/C-1 (6 49.0), C-2 and C-3 (6 132.1); H-6 (5 3.50, td,
J=10.2 and 4.5 Hz)/C-4 (6 128.5), supported the assigned location
of the double bond, hydroxyl and methyl groups. In addition, the
'H and '3C NMR spectra of 1 established the presence of a pyrone
ring with methoxyl and the formyl groups at C-13 (5 173.5) and C-
14 (6 102.0), respectively. The presence of this unit was confirmed
by the chemical shifts and following HMBC correlations: H-12 (6
6.14, s)/C-11 (5 175.5), C-13 and C-14; H-17 (5 10.15, s)/C-13, C-
14 and C-15 (6 162.2); H3-18 (6 4.08, s)/C-13. The linkage between
C-1 of the decalin unit and C-11 of the pyrone ring was established
according to the HMBC correlations of H-1 (6 2.33, m) of the deca-
lin unit with C-11 and C-12 (6 95.9) of the pyrone ring. Conse-
quently, nigrosporapyrone A had the structure 1 (Fig. 1) that
differed from 5 in the presence of a hydroxyl group attached at
C-6. The relative configuration was established by the following
NOEDIFF results (Fig. 2). Irradiation of H-2 (6 2.65, m) affected H-
10 (6 2.37, m) and H-12, indicating their location at the same side
of the molecule and pseudoaxial orientations for H-2 and H-10.
When H-5 was irradiated, the signal intensity of H-10 was en-
hanced, thus suggesting a cis ring fusion of the decalin moiety.
The large coupling constant (10.2 Hz) observed between H-5 and

H-6 established axial orientations for both protons. These data per-
mitted assignment of the relative configuration for 1 at all chiral
centers except for C-6 identical to that of 5.

Nigrosporapyrone B (2) with the molecular formula C;9H,5NOs
from HREIMS was obtained as a colorless gum. The UV and IR spectra
were almost identical to those of 1. Its 'H NMR spectrum (Table 1)
was similar to that of 1 except for the replacement of the methoxyl
group in 1 with signals for an aminohydroxyethyl moiety [§ 10.85
(br s, 18-NH), 3.89 (t, J = 5.4 Hz, H,-19) and 3.54 (q, J = 5.4 Hz, H,-
18)]. The attachment of this unit at C-13 (6 171.5) was confirmed
by a HMBC correlation of H,-18 with C-13 (Table 2). Consequently,
nigrosporapyrone B (2) was identified as an aminoalcohol derivative
of 1.

Nigrosporapyrone C (3) was obtained as a colorless gum with
the molecular formula identical to that of 2. Its UV, IR and 'H
NMR spectra were almost identical to those of 2. Furthermore,
compounds 2 and 3 consisted of the same number and types of car-
bons. The differences were found in the 'H-'H COSY spectrum. A
hydroxymethine proton (6 4.10, m, H-7) was correlated with Hy-
6 [6 1.81 (dm, J = 14.0 Hz, H,-6) and 1.36 (td, J = 14.0 and 2.5 Hz,
Hp-6)] and H,-8 (5 1.55, m), but not with H-5 as found in 2. These
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Fig. 1. Structures of compounds 1-9.

Fig. 2. Selected NOEDIFF results of compounds 1 and 3.

data established the attachment of the hydroxymethine proton at
C-7 (4 65.6), not at C-6. Irradiation of H-5 (6 2.59, m) affected signal
intensity of H-10 (6 2.29, m), but not H-7, in the NOEDIFF experi-
ment (Fig. 2), established a cis ring fusion of the decalin skeleton
and the presence of 7-OH at an axial orientation. The appearance
of H-5 at much lower field and that of C-5 at much higher field
than those observed in compounds 1 and 2 due to Van der Waals
repulsion (a 1,3-diaxial interaction) supported the assigned loca-
tion of 7-OH. Thus, nigrosporapyrone C (3) differed from 2 in the
location of the hydroxyl group in the decalin skeleton.

Nigrosporapyrone D (4) with the molecular formula CgHgO4
from HREIMS was obtained as a colorless gum. It UV spectrum with
maximum absorption bands at Amax 229, 254 and 304 nm indicated
that 4 had a conjugated pyrone chromophore (Lee et al., 1995). The
IR spectrum showed absorption bands for a conjugated ester car-
bonyl (1706cm~') and a conjugated ketone carbonyl
(1698 cm™!) groups. Its '"H NMR spectrum was similar to that of
pestalopyrone (Lee et al., 1995) except that signals for a 1-
methyl-1-propenyl unit of pestalopyrone were replaced with a
methyl signal of an acetyl group (6 2.53, s, H3-8). The presence
of the acetyl substituent was supported by signals of ketone car-
bonyl and methyl carbons at 6 192.0 and 26.1, respectively, in
the ®C NMR spectrum. The attachment of this unit at C-6 (¢
154.5) was confirmed by a HMBC correlation of H3-8 with C-6.
Consequently, nigrosporapyrone D (4) was assigned as a new pyr-
one derivative.

All isolated compounds, except for compounds 2, 3 and 9 which
were not obtained in sufficient amount, were tested for antibacte-
rial activity against SA and MRSA. Among them, 1 exhibited the
best activity with a MIC value of 128 pg/mL, while the others were
inactive with MIC values of >128 pig/mL against both strains. This is
the second report on the antibacterial activity against SA of solan-
apyrone analogues as solanapyrones ] and K isolated from an
unidentified fungus have recently been found to show this activity
(Schmidt et al., 2007).

3. Concluding remarks

Analogues of the solanapyrones have been previously isolated
from the fungus Alternaria solani (Ichihara et al., 1983 and Oikawa
et al., 1998), Ascochyta rabiei (Alam et al., 1989) and two unidenti-
fied fungi (Jenkins et al., 1998 and Schmidt et al., 2007). Thus, this
is the first report on the isolation of solanapyrone derivatives from
the fungus Nigrospora sp. Biosynthetic investigations previously
established that the carbon skeleton was constructed via a polyke-
tide pathway (Oikawa et al. 1989). In addition, the formation of the
decalin skeleton involved an intramolecular Diels-Alder reaction of
a polyketide-derived pyrone (Oikawa et al., 1994 and 1995). The
replacement of the methoxyl group with the 2-aminohydroxyethyl
group would then occur at the later stage (Oikawa et al., 1998).

4. Experimental
4.1. General

Optical rotations were measured on a JASCO P-1020 polarime-
ter. Infrared spectra (IR) were recorded on a Perkin-Elmer 783
FTS 165 FT-IR spectrometer. Ultraviolet (UV) absorption spectra
were measured in MeOH on a Shimadzu UV-160A spectrophotom-
eter. 'H and '3C NMR spectra were recorded in CDCl; on a 300 MHz
Bruker FTNMR Ultra Shield spectrometer. Mass spectra were ob-
tained on a MAT 95 XL mass spectrometer (Thermofinnigan).
Thin-layer chromatography (TLC) and precoated TLC (PTLC) were
performed on silica gel GF;56 (Merck). Column chromatography
(CC) was carried out on silica gel (Merck) type 100 (70-230 Mesh
ASTM) with a gradient system of EtOAc-light petroleum, on Sepha-
dex LH-20 with MeOH or on reversed phase silica gel C-18 with a
gradient system of MeOH-H,0.

4.2. Fungal material

The marine-derived fungus PSU-F18 was isolated from sea fan
(Annella sp.) collected near Similan Islands, Thailand, in 2006. This
fungus was deposited as Nigrospora sp. PSU-F18 (GenBank acces-
sion numbers EU852533 and EU714386) at the Department of
Microbiology, Faculty of Science, Prince of Songkla University and
the National Center for Genetic Engineering and Biotechnology
(BIOTEC) Culture Collection, Thailand (BCC number 28630).

4.3. Fermentation and isolation

The marine-derived fungus Nigrospora sp. PSU-F18 was grown
on potato dextrose agar at 25°C for 5days. Three pieces
(0.5 x 0.5cm?) of mycelial agar plugs were inoculated into
500 mL Erlenmeyer flasks containing 300 mL of potato dextrose
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broth at room temperature for 4 weeks. The culture (15 L) was fil-
tered to give the filtrate and mycelia. The filtrate (5 x 3 L) was ex-
tracted three times with EtOAc (3 x 1L) to afford a broth extract
(4.4 g) as a brown gum after evaporation to dryness under reduced
pressure. The crude extract was fractionated by CC over Sephadex
LH-20 to give three fractions (A-C). Fraction B (4.0 g) was purified
by silica gel CC to give eight fractions (B1-B8). Fraction B2
(13.0 mg) contained 4 (2.5 mg). Fraction B4 (420.9 mg) was sepa-
rated by CC over silica gel to afford four fractions. The second
and third fractions contained 5 (10.7 mg) and 7 (240.9 mg), respec-
tively. Fraction B5 (32.0 mg) was further separated by CC over
Sephadex LH-20 to give 1 (8.0 mg) and 6 (8.3 mg). Fraction B6
(53.4 mg) was subjected to CC over reversed phase silica gel to
yield three fractions. The second fraction (35.2 mg) upon purifica-
tion on CC over reversed phase silica gel gave 2 (1.8 mg), 8 (2.8 mg)
and 9 (1.3 mg). Fraction B7 (43.0 mg) was purified by CC over re-
verse phase silica gel to give 3 (1.8 mg).

4.4. Nigrosporapyrone A (1)

Colorless gum; [0],2° —254 (¢ 0.10, CHCl3); UV Zmax°H nm
(loge): 228 (3.75), 273 (3.84), 320 (2.65); FT-IR Vpma™* cm:
3390, 1719, 1698; For 'H NMR and 3C NMR (CDCls) spectra, see
Table 1; EIMS m/z (% relative intensity): 318 (9), 290 (100), 153
(97), 71 (62); HREIMS m/z 318.1463 [M]" (calcd for C;gH»,05
318.1467).

4.5. Nigrosporapyrone B (2)

Colorless gum; [a],2® —232 (c 0.10, CHCl3); UV ApaMeH nm
(loge): 237 (4.43), 280 (4.10), 316 (4.02); FT-IR vy cm
3390, 1719, 1692; For 'H NMR and 3C NMR (CDCls) spectra, see
Table 1; EIMS m/z (% relative intensity): 347 (59), 257 (37), 110
(100), 105 (11); HREIMS my/z 347.1731 [M]" (calcd for C;9H»5NOs,
347.1733).

4.6. Nigrosporapyrone C (3)

Colorless gum; [0],2° —202 (¢ 0.10, CHCl3); UV Zmax°H nm
(loge): 235 (3.85), 281 (3.41), 314 (3.42); FT-IR Vg cm:
3395, 1706, 1689; For 'H NMR and '3C NMR (CDCls) spectra, see
Table 1; EIMS m/z (% relative intensity): 347 (24), 257 (35), 110
(100), 105 (31); HREIMS m/z 347.1735 [M]" (calcd for C;9H»5NOs,
347.1733).

4.7. Nigrosporapyrone D (4)

Colorless gum; UV /maMeH nm (loge): 229 (3.19), 254 (2.32),
304 (2.63); FT-IR vy ™ cm™': 1706, 1698; 'H NMR (CDCls,
300 MHz); § 6.67 (1H, d, J = 2.4 Hz, H-5), 5.72 (1H, d, J=2.4 Hz,
H-3), 3.87 (3H, s, H-9), 2.53 (3H, s, H-8), *C NMR (CDCls,
75 MHz); § 192.0 (C, C-7), 169.8 (C, C-4), 161.5 (C, C-2), 154.5 (C,
C-6), 103.9 (CH, C-5), 93.2 (CH, C-2), 56.0 (CH3, C-9), 26.1 (CH3,
C-8); EIMS m/z (% relative intensity): 168 (77), 125 (100), 69
(90); HREIMS m/z 168.0421 [M]" (calcd for CgHgO4, 168.0423).

4.8. Antibacterial activity testing

MICs were determined by the agar microdilution method (Lori-
an, 1996). The test substances were dissolved in DMSO (Merck,

Germany). Serial 2-fold dilutions of the test substances were mixed
with melted Mueller-Hinton agar (Difco) in the ratio of 1:100 in
microtiter plates with flat-bottomed wells (Nunc, Germany). Final
concentration of the test substances in agar ranged from 0.03 to
128 pg/mL. SA and MRSA were used as test strain. Inoculum sus-
pensions (10 pL) were spotted on agar-filled wells. The inoculated
plates were incubated at 35 °C for 18 h. MICs were recorded by
reading the lowest substance concentration that inhibited visible
growth. Vancomycin, a positive control drug, exhibited a MIC value
of 1 pg/mL. Growth controls were performed on the agar contain-
ing DMSO.
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Nine new fungal metabolites, penicisochromans A—E, penicipyrone, penicipyranone, peniciphenol, and
penicisoquinoline, were isolated from the sea fan-derived fungus Penicillium sp. PSU-F40 together with
five known compounds. Their structures were determined by spectroscopic analysis. Their antibacterial
activity against the standard Staphylococcus aureus ATCC 25923 and methicillin-resistant S. aureus was
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1. Introduction

The fungi in the genus Penicillium have produced various bio-
active compounds, such as cytotoxic leptosphaerone,! antioxidant
terrestrols,? antifungal citrinin,® antibacterial rugulotrosins,* and
insecticidal decaturin.’> In our ongoing search for antibacterial
metabolites against Staphylococcus aureus ATCC 25923 (SA) and
a clinical isolate of methicillin-resistant S. aureus (MRSA) from the
marine-derived fungi, the fungus Penicillium PSU-F40 was isolated
from a gorgonian sea fan of the genus Annella. Investigation of its
culture broth led to the isolation of three new furo[3,2-h]isochro-
mans, penicisochromans A—C (1-3), two isochromans, pen-
icisochromans D and E (4 and 5), one new pyrone, penicipyrone (6),
one new pyranone, penicipyranone (7), one new phenol, pen-
iciphenol (8), and one new furo[3,2-h]isoquinoline, pen-
icisoquinoline (9), along with two known furo|3,2-h]isoquinolines,
TMC-120B (10)® and TMC-120C (11),° and one known ketophenol,
1-(2,4-dihydroxy-6-methylphenyl)-3-methyl-1-butanone  (12).”
Furthermore, two known metabolites, 2-(2-methoxybenzoly)pyr-
role (13)® and nicotinic acid (14),° were isolated from the mycelia
extract. Their antibacterial activity against SA and MRSA were
examined.

* Corresponding author. Tel.: +66 74 288 435; fax: +66 74 212 918; e-mail
address: vatcharin.r@psu.ac.th (V. Rukachaisirikul).

0040-4020/$ — see front matter © 2010 Elsevier Ltd. All rights reserved.
doi:10.1016/j.tet.2010.04.073

2. Results and discussion

All compounds (1-14) (Fig. 1) were purified using chromato-
graphic techniques and their structures were elucidated by spec-
troscopic data (IR, UV, NMR, and MS). For known compounds, the
structures were confirmed by comparison of the 'H and *C NMR
data with those previously reported. The relative configuration was
assigned on the basis of NOEDIFF data. No attempts were made to
identify the absolute configuration of the new metabolites due to
the minute amounts.

Penicisochroman A (1) was obtained as a colorless gum. The
molecular formula Ci;gHi804 was assigned by HREIMS of
M*—CH30H and the presence of 16 carbon resonances for 16 car-
bons in the '3C NMR spectrum. The UV spectrum displayed ab-
sorption bands for an aromatic chromophore at Amax 213, 253, 269,
and 324 nm. The IR spectrum showed absorption bands for con-
jugated ketone carbonyl and double bond functional groups at 1695
and 1647 cm~, respectively. The '"H NMR spectrum (Table 1) con-
sisted of signals for two ortho-coupled aromatic protons [ 7.46 (1H,
d, J=7.8 Hz) and 6.77 (1H, d, J=7.8 Hz)], two sets of nonequivalent
methylene protons [0 4.86/4.66 (each 1H, d, J=16.2 Hz) and 2.94/
2.85 (each 1H, d, J=16.2 Hz,)], one methoxyl group (6 3.27, 3H, s)
and three methyl groups [6 2.29 (3H, s), 2.02 (3H, s), and 1.46 (3H,
s)]. The 3C NMR and DEPT 135 spectra (Table 1) showed one
conjugated ketone carbonyl (6 183.4), six aromatic quaternary (6
160.4, 145.3,140.7,131.5,121.2, and 118.3), two aromatic methine (6



K. Trisuwan et al. / Tetrahedron 66 (2010) 4484—4489

OH
4. R'=H,R*=Me
5:R'=OH, R?=a- Me

Me O

OH
12

9:R'=H, R?=R®=0OH
10: R" + R2 = double bond, R® = H
11:R'"=R3=H,R%2=0H

4485

1: R'" + R? = double bond, R® = H, R* = OMe, R® = Me
2:R'"=R2=R*=H,R%=0OMe, R = - Me
3:R'=R2=R*=H,R®=0H,R? = 1- Me

Me (0]
Me _ HO,C ‘ X
HN % bz
OMe N
13 14

Figure 1. Metabolites isolated from the sea fan-derived fungus Penicillium PSU-F40.

123.0 and 121.9), one dioxygenated quaternary (6 97.4), two
methylene (6 57.8 and 39.3), one methoxy (6 49.0), and three
methyl (6 23.0, 20.2, and 17.4) carbons. The HMBC correlations of
the methyl protons, H3-13 (6 2.29) and H3-14 (6 2.02), with C-2 (6
145.3),C-3 (6 183.4), and C-12 (¢ 131.5) as well as the chemical shifts
of these carbons established a 2-oxy-3-methyl-2-butenoyl moiety.
One of the ortho-coupled aromatic protons resonating at ¢ 7.46 was
assigned as H-4 on the basis of its >] HMBC correlation with C-3 of
the butenoyl unit. This conclusion was supported by its downfield
appearance due to an anisotropic effect of the adjacent ketone
carbonyl group. The other ortho-coupled proton (6 6.77) was then

attributed to H-5. The nonequivalent methylene protons, Hap-6 (6
2.94 and 2.85), gave HMBC cross peaks with C-5 (6 123.0), C-5a (6
140.7), C-7 (6 97.4), and C-9a (6 118.3) while the methoxy (6 3.27)
and the methyl (6 1.46) protons showed cross peaks with the
dioxygenated carbon, C-7. These results attached a 2-methoxy-2-
oxypropyl unit at C-5a of the aromatic ring. In addition, the oxy-
methylene protons, Hap-9 (6 4.86 and 4.66), displayed the same
correlations with C-5a, C-9a, and C-9b (6 160.4), thus linking the
oxymethylene unit at C-9a. An isochroman unit having the
methoxyl and methyl groups at C-7 was established on the basis of
the 3] HMBC correlations of Ha,-9 with C-7. An ether linkage

Table 1
'H and >C NMR data of penicisochromans A (1), B (2), and C (3)
Position 1 2 3
oy, mult, J in Hz Oc, mult. op, mult, J in Hz dc, mult. oy, mult, J in Hz Oc, mult.
2 145.3, qC 435,d, 4.0 90.2, CH 4.46,d, 3.5 91.0, CH
3 183.4, qC 202.0, qC 202.0, qC
3a 121.2, qC 120.1, qC 121.5, qC
4 7.46,d, 7.8 121.9, CH 743,d, 8.0 123.4, CH 7.46,d, 8.5 124.5, CH
5 6.77,d,7.8 123.0, CH 6.72,d, 8.0 122.0, CH 6.76, d, 8.5 122.5, CH
5a 140.7, qC 145.4, qC 146.0, qC
6 a:2.94,d, 16.2 39.3, CH, a: 2.68,dd, 17.0, 3.5 35.9, CH, a: 2.72,dd, 16.5, 2.5 36.9, CH,
b: 2.85,d, 16.2 b: 2.62, dd, 17.0, 11.0 b: 2.62, dd, 16.5, 10.0
7 97.4, qC 425, m 62.6, CH 440, m 63.5, CH
9 a: 4.86,d, 16.2 57.8, CHy 5.61,s 94.7, CH 6.18, s 88.8, CH
b: 4.66, d, 16.2
9a 1183, qC 120.0, qC 121.0, qC
9b 160.4, qC 171.0, qC 172.5, qC
10 1.46, s 23.0, CHs3 1.32,d, 6,5 21.1, CHs3 1.33,d, 6.0 21.9, CHs
11 3.27,s 49.0, CH3 345, s 55.8, CHs3 229, m 32.0, CH
12 131.5, qC 228, m 31.1,CH 1.08, d, 6.5 19.5, CH3
13 2.29,s 17.4, CH3 0.80, d, 7.0 15.8, CH3 0.81,d, 6.5 16.7, CH3
14 2.02,s 20.2, CH3 1.11,d, 7.0 19.0, CH3
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between C-2 and C-9b was formed to construct a 3-oxobenzofuran
unit according to the chemical shifts of C-2 and C-9b as well as the
mass data. Therefore, the structure of penicisochroman A was
established as depicted in 1.

Penicisochroman B (2) was obtained as a colorless gum. The
molecular formula CigH2004 from HREIMS suggested that 2 was
a dihydro analogue of 1. This conclusion was supported by the re-
placement of signals for two olefinic carbons, C-2 (6 145.3) and C-12
(0 131.5), in 1, with those for two methine carbons (6 90.2 and 31.1)
in 2 (Table 1). The presence of the saturated ketone carbonyl
functionality was further confirmed by the appearance of the ke-
tone carbonyl carbon in 2 at ¢ 202.0, which resonated at much
lower field than that observed in 1. Furthermore, the dioxyqua-
ternary carbon, C-7, and the oxymethylene carbon, C-9, in 1 were
replaced by one oxymethine carbon (6 62.6) and one dioxymethine
carbon (6 94.7) in 2. These data were in agreement with the '"H NMR
data of which signals for the nonequivalent oxymethylene protons
(Hap-9) in 1 were replaced by those for one dioxymethine proton (6
5.61,1H, s, H-9) and one oxymethine proton (6 4.25, 1H, m, H-7). In
the 'TH—"H COSY spectrum, H-7 showed cross peaks with Hay-6 and
the methyl protons, H3-10 (6 1.32, d, J=6.5 Hz), indicating the
presence of a [-CH,CH(O—)CH3] unit. The methoxy protons, H3-11
(6 3.45), gave a 3] HMBC cross peak with C-9 (6 94.7) while H-9 (6
5.61) displayed the same correlation with C-7 (6 62.6). Conse-
quently, an isochroman moiety having the methyl and the
methoxyl groups at C-7 and C-9, respectively, was established. As
Hp-6 was coupled with H-7 with a large coupling constant of
11.0 Hz, both of them were located at pseudoaxial position. Irradi-
ation of H3-11 (9-OMe) in the NOEDIFF experiment enhanced signal
intensity of H-7, indicating trans relationship between pseudoe-
quatorial Hs-10 (7-Me) and pseudoaxial 9-OMe. However, the
NOEDIFF data were inadequate to identify the relative configura-
tion at C-2. Therefore, penicisochroman B had the structure 2.

Penicisochroman C (3) with the molecular formula C;5H1g04
from HREIMS was obtained as a colorless gum. Its UV spectrum was
similar to that of 2 while the IR spectrum displayed an additional
absorption band for a hydroxyl group at 3409 cm~". The 'H NMR
spectrum of 3 (Table 1) was similar to that of 2 except for the ab-
sence of the methoxyl signal. These data together with mass in-
formation revealed the replacement of the methoxyl group in 2
with a hydroxyl group in 3. The DEPT spectrum showed one
dioxygenated carbon (6 88.8) and three methyl carbons (6 21.9,19.5,
and 16.7), supporting the above conclusion. The location of 7-Me
was at pseudoequatorial, identical to that in 2, on the basis of
a large coupling constant of 10.0 Hz between Hyp-6 and H-7. Fur-
thermore, compounds 2 and 3 gave almost identical optical rota-
tion, indicating they would have the same absolute configuration.
These data revealed that 9-OMe in 2 was replaced by a hydroxyl
group in 3. Therefore, penicisochroman C (3) was assigned as a 9-
hydroxy derivative of 2.

Penicisochroman D (4), a colorless gum, has the molecular for-
mula C1gH120; established by HREIMS. The UV spectrum exhibited
absorption bands at Amax 251, 277, and 284 nm for a benzene
chromophore. The IR spectrum showed an absorption band at
3351 cm™! for a hydroxyl group. The 'H NMR (Table 2) and 'H—'H
COSY spectra displayed signals for three aromatic protons of a 1,2,3-
trisubstitued benzene [¢ 7.11 (1H, t, J=7.8 Hz), 6.74 (1H, d, ]=7.8 Hz),
and 6.71 (1H, d, J=7.8 Hz)], the 1-substituted 2-oxypropyl unit [¢
3.92(1H,d brq,J=10.0 and 6.0 Hz), 2.75 (1H, dd, J=12.5 and 2.4 Hz),
2.74 (1H, dd, J=12.5 and 10.0 Hz), and 1.24 (3H, d, J=6.0 Hz)] and
one set of nonequivalent oxymethylene protons [§ 4.85 and 4.79
(each 1H, d, J=13.2 Hz)]. The aromatic protons resonating at ¢ 6.74,
7.11, and 6.71 were attributed to H-2, H-3, and H-4, respectively. The
nonequivalent methylene protons, Hyp-5 (6 2.75 and 2.74), of the
oxypropyl unit showed the HMBC correlations with C-4 (6 122.5),
C-4a (6 137.7), and C-8a (6 124.9), linking above unit at C-4a of the

Table 2
H and '>C NMR data of penicisochromans D (4) and E (5)
Position 4 5
oy, mult, J in Hz Oc, mult. oy, mult, J in Hz Oc, mult.
1 156.2, qC 150.4, qC
2 6.74,d, 7.8 115.0,CH 6.60,d, 8.0 114.6, CH
3 7.11,t,7.8 129.0,CH 7.07,t, 8.0 129.3, CH
4 6.71,d,7.8 1225,CH 6.73,d, 8.0 114.0, CH
4a 137.7, qC 140.9, qC
5 a: 2.75,dd, 12.5,2.4 41.8, CH, 495,d, 2.0 88.5, CH
b: 2.74, dd, 12.5, 10.0
6 3.92,d br q, 10.0, 6.0 69.1, CH 3.85,qd, 6.5,2.0 70.0, CH
8 a:4.85,d, 13.2 58.5, CH, a: 5.06,d, 12.0 71.1, CH,
b:4.79,d, 13.2 b: 5.01,d, 12.0
8a 124.9, C 126.1, qC
9 1.24,d, 6.0 23.4, CHs 1.26,d, 6.5 18.6, CH3

aromatic ring. Irradiation of H,p-5 enhanced signal intensity of H-4,
supporting the assignment. The remaining oxymethylene group
was attached at C-8a as H,,-8 (0 4.85 and 4.79) were correlated
with C-1 (6 156.2), C-4a, and C-8a in the HMBC spectrum. These
results together with the HMBC correlations of Hy,-8 with C-6 (6
69.1) established an isochroman skeleton. The substituent at C-1
was a hydroxyl group due to the chemical shift of C-1. Therefore,
penicisochroman D was determined as 4. It is worth to note that the
oxymethine proton, H-6 (6 3.92, d br q, /=10.0 and 6.0 Hz), was
located at psuedoaxial position due to a coupling constant of
10.0 Hz between Hy-5 and H-6.

Penicisochroman E (5) was isolated as a colorless gum whose
molecular formula was determined by HREIMS as C1oH1203, with
16 mass unit higher than 4. Its UV and IR spectra were almost
identical to those of 4. Its 'H NMR spectrum (Table 2) was similar
to that of 4 except for the replacement of signals for Hyp-5 in 4
with signal of a hydroxymethine proton (6 4.95, 1H, d, J=2.0 Hz) in
5. This was consistent with the molecular formula and the pres-
ence of two oxymethine carbons (6 88.5 and 70.0) in the 3C NMR
and DEPT spectra. These data implied that 5 was a 5-hydroxy
derivative of 4. A small coupling constant between H-5 and H-6 in
5 indicated the replacement of Hy-5 in 4 with a hydroxyl group in
5. Therefore, penicisochroman E (5) was determined as a 5-hy-
droxy derivative of 4.

The molecular formula of penicipyrone (6) was established by
analysis of its HREIMS as Cy3H13NOs. The UV spectrum displayed
characteristic absorption bands for a pyrone chromophore® at Apax
224,247, and 361 nm. The IR spectrum showed absorption bands at
3399 and 1683 cm ™! for hydroxyl and conjugated carbonyl groups,
respectively. The '"H NMR spectrum showed two olefinic protons of
trisubstituted double bonds [0 6.02 and 5.94 (each 1H, s)], one set of
nonequivalent methylene protons [6 3.64 and 3.54 (each 1H, d,
J=9.6 Hz)], and two methyl groups [6 2.30 (3H, s) and 2.22 (3H, s)].
The ¥C NMR and DEPT spectra exhibited one pyridinone carbonyl
(6 169.9),!" one pyrone carbonyl (6 166.5),'° six quaternary (8 169.1,
166.9, 160.7, 143.1, 108.2, and 102.4), two methine (6 103.1 and
102.8), one methylene (6 18.3), and two methyl (6 19.7 and 19.0)
carbons. The olefinic proton at 6 5.94 was attributed to H-5 of the
pyrone moiety on the basis of its chemical shift as well as its HMBC
cross peaks with C-3 (6 102.4), C-4 (6 169.1), and C-6 (6 160.7). The
methyl protons, H3-7 (6 2.22), gave the same correlations with C-5
(6 102.8) and C-6. In addition, the methylene protons, Hy»-8 (6 3.64
and 3.54), gave the HMBC cross peaks with C-2 (6 166.5) and C-3.
These results together with the chemical shift of C-4 indicated the
attachment of the methylene group, a hydroxyl group and the
methyl group at C-3, C-4, and C-6 of the pyrone ring, respectively.
The chemical shifts of the remaining carbons indicated the pres-
ence of a pyridinone unit.' The olefinic proton at 6 6.02 was
assigned as H-5' due to its HMBC correlations with C-3’ (6 108.2),
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C-4' (0 166.9), and C-6' (6 143.1). The methyl protons, H3-7’ (6 2.30),
gave the HMBC correlations with C-5" and C-6'. These data revealed
that the pyridinone unit carried hydroxyl and methyl groups at C-4’
and C-6, respectively. The HMBC correlations from H,,-8 of the
pyrone moiety to C-2’ and C-3’ of the pyridinone established
the methylene linkage between C-3 of the pyrone and C-3’ of the
pyridinone. Consequently, penicipyrone was assigned as 6. The
appearance of the methylene protons (H,,-8) as nonequivalent
protons in the 'H NMR spectrum might be due to the formation of
H-bond between either the amino nitrogen or carbonyl oxygen of
the pyridinone moiety and the hydroxy hydrogen of the pyrone
unit, which would prevent bond rotation.

Penicipyranone (7) with the molecular formula C;oH1504 from
HREIMS was obtained as a colorless gum. The UV spectrum showed
an absorption band at Amax 269 nm. The IR spectrum displayed
absorption bands at 3409 and 1687 cm~! for hydroxyl and conju-
gated carbonyl functional groups, respectively. The 'H NMR and
TH—H COSY spectra revealed the presence of signals for one ethyl
group [6 2.45 (1H, dq, J=15.3 and 7.5 Hz), 2.40 (1H, dq, J=15.3 and
7.5 Hz) and 1.18 (3H, t, J=7.5 Hz)], one 1-oxyethyl group [(6 4.52, 1H,
q, J=6.6 Hz) and 1.31 (3H, d, J=6.6 Hz)], one hydroxymethyl group
[6 4.38 and 4.32 (each 1H, d, J=12.6 Hz)], and one methyl group (6
1.40, 3H, s). The '*C NMR and DEPT spectra displayed ten carbon
resonances for one ketone carbonyl (6 196.2), three quaternary (6
175.6, 110.1, and 71.3), one methine (6 82.0), two methylene (6 56.3
and 25.6), and three methyl (6 24.1, 12.3 and 11.4) carbons. The
oxymethine proton of the 1-oxyethyl unit, H-5 (6 4.52), gave the
HMBC correlations with C-1 (6 196.2), C-3 (6 175.6), and C-6 (6 71.3)
while H3-7 (6 1.40) gave the same correlations with C-1, C-5 (¢
82.0), and C-6. In addition, the hydroxymethyl protons, Hyp-9 (6
4.38 and 4.32), gave the HMBC cross peaks with C-1, C-2 (6 110.1),
and C-3. These results together with the chemical shifts of C-3, C-5,
and C-6 established a dihydropyran-4-one unit with two methyl
groups at C-5 and C-6, a hydroxyl group at C-6 and the hydroxy-
methyl substituent at C-2. Consequently, the remaining ethyl group
was located at C-3. The HMBC correlations of the methylene pro-
tons, Hap-10 (6 2.45 and 2.40), of the ethyl group with C-2 and C-3
confirmed this assignment. The relative configuration between H-5
and Hs-7 was not assigned as either cis or trans relationship gave
signal enhancement of H-5 upon irradiation of H3-7. Therefore,
penicipyranone (7) was determined as a new dihydropyran-4-one
derivative.

Peniciphenol (8) with the molecular formula C;gH;203 from
HREIMS was obtained as a colorless gum. The UV spectrum dis-
played absorption bands at Amax 250 and 289 nm for a benzene
chromophore. The IR spectrum showed absorption bands at 3328
and 1638 cm™! for hydroxyl and double bond functional groups,
respectively. The 'H NMR and 'H—"H COSY spectra showed char-
acteristic signals for three aromatic protons of a 1,2,3-trisubstituted
aromatic protons [0 7.14 (1H, t, ]=7.8 Hz), 6.81, and 6.59 (each 1H, d,
J=78Hz)], a (Z)-3-hydroxyl-1-propenyl unit [6 6.64 (1H, d,
J=11.4 Hz), 5.97 (1H, dt, J=11.4 and 6.9 Hz) and 4.07 (2H, dd, J=6.9
and 0.6 Hz)], and one hydroxymethyl group (6 4.78, 2H, s). The
aromatic protons resonating at ¢ 6.59, 7.14, and 6.81 were assigned
as H-4, H-5, and H-6, respectively. The (Z)-3-hydroxyl-1-propenyl
unit was located at C-3 (¢ 136.3) based on the HMBC correlations of
the olefinic proton, H-8 (6 6.64), with C-3, and C-4 (6 120.9). The
hydroxymethyl protons, H-7 (6 4.78), showed HMBC cross peaks
with C-1 (6 156.3), C-2 (6 123.6), and C-3, thus connecting the
hydroxymethyl group at C-2. The substituent at C-1 of the benzene
ring was a hydroxyl group on the basis of its chemical shift. Signal
enhancement of Hy-7 and H-4 upon irradiation of H-8 in the
NOEDIFF spectrum supported the assigned location of these sub-
stituents. Therefore, peniciphenol had the structure 8.

Penicisoquinoline (9) with the molecular formula Ci5H15NO4
from HREIMS was obtained as a yellow gum. Its UV and IR spectra

were almost identical to those of 11. The '"H NMR spectrum was
similar to that of 11 except for the replacement of the downfield
methyl signal in 11 with the signal of a hydroxymethyl group (¢
4.89, 2H, s). The presence of two methyl (¢ 16.0 and 15.5) and one
oxymethylene (¢ 64.5) carbons in the >C NMR and DEPT spectra
supported the 'H NMR data. The HMBC correlations of the
hydroxymethyl protons, H»-10 (6 4.89), with C-6 (6 117.4), and C-7
(6 159.3) together with signal enhancement of H,-10 upon irradi-
ation of H-6 (0 7.79, 1H, s) established the linkage of the hydroxy-
methyl group at C-7. Consequently, penicisoquinoline (9) was
identified as a 10-hydroxy derivative of 11.

The isolated metabolites 1, 4, 6—12, and 14 were tested for an-
tibacterial activities against SA and MRSA. None of them were ac-
tive at the concentration of 200 ug/mL. The remaining compounds
were not evaluated for the antibacterial activity due to sample
limitation.

The furo[3,2-h]isoquinolines (10,11) have been isolated from the
fungus Aspergillus ustus TC 1118% while this is the first report on the
isolation of the corresponding isochromans (1—3). We proposed
that all of the isolated isochromans (1-5) and furo[3,2-h]iso-
quinolines (9—11) would have a similar biosynthetic pathway.
Penicisochromans A—E (1-5) would be derived from the same
biosynthetic precursor, peniciphenol (8). Acid-catalysed intra-
molecular cyclization of the (Z)-3-hydroxyl-1-propenyl side chain
of 8 would generate an isochroman ring as shown in Scheme 1.
Dehydration and subsequent hydrogenation would produce 4 via
an isochroman intermediate (4a). Penicisochromans B (2) and C (3)
would be transformed from 4 via a 3-oxo-2-isopropylbenzofuran
(4b) by acylation with a 3-methyl-2-butenoyl unit and subsequent
cyclization. Oxidation of the isochroman unit of 4b would yield
compound 3, which would be further methylated to the corre-
sponding methyl ether 2. Compound 1 would be obtained from 4a
by hydration and methylation to yield a ketal intermediate (4c),
which would further undergo acylation, cyclization, and oxidation.
Finally, penicisochroman E (5) would be derived from 8 via a dif-
ferent biosynthetic route, which would involve epoxidation, cycli-
zation followed by dehydration and subsequent hydrogenation. In
addition, the furo[3,2-hlisoquinolines (9—11) would be bio-
synthesized via the similar pathway as that for the furo[3,2-h]iso-
chromans (1—3) using a 7-amino derivative of 8 as a biosynthetic
precursor.

3. Experimental
3.1. General experimental procedures

Infrared spectra (IR) were recorded on a Perkin—Elmer 783 FTS
165 FT-IR spectrometer. Ultraviolet (UV) absorption spectra were
measured in MeOH on a Shimadzu UV-160A spectrophotometer.
Optical rotations were measured on a JASCO P-1020 polarimeter. 'H
and 3C NMR spectra were recorded on 300 and 500 MHz Bruker
FTNMR Ultra Shield spectrometer. Chemical shifts are expressed in
0 (ppm) referring to the TMS peak. Mass spectra were measured on
a MAT 95 XL mass spectrometer (Thermofinnigan). Thin-layer
Chromatography (TLC) and precoated TLC (PTLC) were performed
on silica gel GFys6 (Merck). Column chromatography (CC) was
carried out on silica gel (Merck) type 100 (70—230 Mesh ASTM)
with a gradient system of MeOH—CH>Cl,, on Sephadex LH-20 with
MeOH or on reverse phase silica gel C-18 with a gradient system of
MeOH—H-O, or otherwise stated.

3.2. Fungal material
The marine-derived fungus Penicillium sp. PSU-F40 was isolated

from the sea fan, collected near the Similan Islands, Phangnga
Province, Thailand, in 2006. The sea fan was identified as Annella sp.
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Scheme 1. Possible biosynthetic pathway of compounds 1-5 from compound 8.

by C. Benzies and S. Plathong from the Coral Reef and Benthos
Research Unit, Center for Biodiversity of Peninsular Thailand
(CBIPT), Department of Biology, Prince of Songkla University,
Thailand. The sample (voucher no. sea fan-Similan 1.4) was de-
posited at CBIPT while the fungus was deposited as PSU-F40 at the
Department of Microbiology, Faculty of Science, Prince of Songkla
University.

3.3. Fermentation, extraction, and isolation

The crude EtOAc extracts from the culture broth and mycelia
were prepared using the same procedure as described earlier.!® The
crude extract from the broth (1.3 g, a dark brown gum) was frac-
tionated by CC over Sephadex-LH 20 to give five fractions (A—E).
Fraction B (325 mg) was purified by silica gel CC to afford three
fractions (B1—B3). Fraction B3 (59.2 mg) was then separated by CC

over reverse phase silica gel to afford four fractions. The second
fraction (7.5 mg) contained 7 (2.3 mg) after separation by PTLC with
20% EtOAc—light petroleum. Compound 12 (2.4 mg) was obtained
from the third fraction (5.8 mg) after purification by PTLC with 1%
MeOH—CH,(Cl,. Fraction C (396 mg) was separated by CC over silica
gel to yield four fractions (C1—C4). Fraction C2 (8.2 mg) was further
purified by PTLC using 50% CH,Cl,—light petroleum as a mobile
phase to furnish 2 (1.6 mg) and 3 (1.0 mg). Fraction C4 (22.8 mg)
was then separated by CC over reverse phase silica gel to afford 4
(3.5 mg). Fraction D (314 mg) was separated by silica gel CC to af-
ford five fractions (D1—D5). Fraction D2 (106 mg) was then purified
by CC over silica gel to give 1 (3.1 mg), 10 (9.7 mg), and 11 (3.4 mg).
Compound 5 (2.0 mg) was obtained from the fraction D3 (33.5 mg)
after purification by silica gel CC with a gradient of EtOAc—light
petroleum followed by PTLC with 20% EtOAc—light petroleum.
Fraction D4 (40.5 mg), upon CC over silica gel, afforded 8 (7.7 mg)
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and 9 (3.5 mg). Fraction E (43.5 mg) was separated by silica gel CC
to give three fractions. Compound 6 (3.4 mg) was obtained from the
third fraction. The mycelial extract (540.0 mg, a brown gum) was
separated by CC over Sepadex LH-20 to afford three fractions. The
second fraction (92.6 mg) was further purified by silica gel CC fol-
lowed by CC over reverse phase silica gel to furnish 13 (1.3 mg) and
14 (3.2 mg).

3.3.1. Penicisochroman A (1). Colorless gum; [a]® +12 (c 0.16,
CHCl3); UV (MeOH) Amax (log ¢) 213 (3.68), 253 (3.28), 269 (3.15),
324 (2.92)nm; IR (neat) vmax 1695, 1647 cm~'; HREIMS m/z
[M—CH3OH]*t 242.0941 (caled for Ci5H1403, 242.0943); '"H NMR
(CDCl3, 300 MHz), see Table 1; >C NMR (CDCl3, 75 MHz), see
Table 1.

3.3.2. Penicisochroman B (2). Colorless gum; [a]®® —57 (c 0.08,
CHCl3); UV (MeOH) Amax (log ¢) 240 (3.01), 256 (2.97), 307 (2.70)
nm; IR (neat) vmay 1700, 1650 cm™'; HREIMS m/z [M]* 276.1374
(calcd for C1gH2004, 276.1362); TH NMR (CDCls, 500 MHz), see Table
1; 13C NMR (CDCls3, 125 MHz), see Table 1.

3.3.3. Penicisochroman C (3). Colorless gum; [a]5 —55 (c 0.08,
CHCl3); UV (MeOH) Amax (log £) 241 (3.04), 256 (2.99), 307 (2.73)
nm; IR (neat) rmax 3409, 1683, 1647 cm~!; HREIMS mfz [M]"
262.1196 (calcd for CysHigO4, 262.1205); TH NMR (CDCl3, 500 MHz),
see Table 1; 3C NMR (CDCl3, 125 MHz), see Table 1.

3.3.4. Penicisochroman D (4). Colorless gum; [a]® —26 (c 0.21,
CHCl3); UV (MeOH) Amax (log ¢) 251 (3.04), 277 (3.01), 284 (2.97)
nm; IR (neat) ymax 3351, 1657 cm™!; HREIMS m/z [M]* 164.0836
(calcd for C19H1202, 164.0837); 'H NMR (CDCls, 500 MHz), see Table
2; 3C NMR (CDCls, 125 MHz), see Table 2.

3.3.5. Penicisochroman E (5). Colorless gum; [a]® —12 (¢ 0.13,
CHCl3); UV (MeOH) Amax (log ) 215 (3.35), 268 (2.63), 275 (2.61)
nm; IR (neat) ymax 3402, 1653 cm™!; HREIMS m/z [M]* 180.0793
(calcd for C1oH1203, 180.0786); 'H NMR (CDCls, 500 MHz), see Table
2; 13C NMR (CDCls, 125 MHz), see Table 2.

3.3.6. Penicipyrone (6). Colorless gum; UV (MeOH) Apax (log ¢) 224
(3.64), 247 (3.43), 361 (3.31) nm; IR (neat) rmax 3399, 1683 cm™;
HREIMS mjz [M]" 263.0795 (calcd for C13H13NOs, 263.0794); 'H
NMR (CDCl3+CD30D, 300 MHz) dy 6.02 (1H, s, H-5"), 5.94 (1H, s, H-
5), 3.64 (1H, d, J=9.6 Hz, H,-8), 3.54 (1H, d, J=9.6 Hz, H,-8), 2.30
(3H, s, H-7"), 2.22 (3H, s, H-7); 13C NMR (CDCl3+CD30D, 75 MHz) ¢
169.9 (C-2), 169.1 (C-4), 166.9 (C-4'), 166.5 (C-2), 160.7 (C-6), 143.1
(C-6'), 108.2 (C-3'), 103.1 (C-5), 102.8 (C-5), 102.4 (C-3), 18.3 (C-8),
19.7 (C-7), 19.0 (C-7").

3.3.7. Penicipyranone (7). Colorless gum; [«]% —135 (¢ 0.16, CHCl3);
UV (MeOH) Amax (loge) 269 (3.67)nm; IR (neat) vmax 3409,
1687 cm™'; HREIMS m/z [M]* 200.1057 (caled for CioH1604,
200.1049); 'H NMR (CDCl3, 300 MHz) 6y 4.52 (1H, q, J=6.6 Hz, H-5),
438 (1H, d, J=12.6 Hz, H,-9), 4.32 (1H, d, ]=12.6 Hz, H,-9), 2.45 (1H,
dq, J=15.3, 7.5 Hz, H,-10), 2.40 (1H, dq, J=15.3, 7.5 Hz, H,-10), 1.40
(3H, s, H-7), 1.31 (3H, d, J=6.6 Hz, H-8), 1.18 (3H, t, J=7.5 Hz, H-11);
13C NMR (CDCls, 75 MHz) é¢ 196.2 (C-1), 175.6 (C-3), 110.1 (C-2),
82.0 (C-5), 71.3 (C-6), 56.3 (C-9), 25.6 (C-10), 24.1 (C-7), 12.3 (C-8),
11.4 (C-11).

3.3.8. Peniciphenol (8). Colorless gum; UV (MeOH) Amax (log ¢) 250
(2.49), 289 (2.19) nm; IR (neat) vmax 3328, 1638 cm~'; HREIMS m/z

[M]"™ 180.0788 (caled for CyHp203 180.0786); 'H NMR
(CDCl3+CD50D, 300 MHz) 8y 7.14 (1H, t, J=7.8 Hz, H-5), 6.81 (1H, d,
J=7.8 Hz, H-6), 6.64 (1H, d, J=11.4 Hz, H-8), 6.59 (1H, d, J=7.8 Hz, H-
4),5.97 (1H, dt, J=11.4, 6.9 Hz, H-9), 4.78 (2H, s, H-7), 4.07 (2H, dd,
J=6.9, 0.6 Hz, H-10); 3C NMR (CDCl3+CD50D, 75 MHz) 6¢ 156.3 (C-
1),136.3(C-3),131.9(C-9), 130.0 (C-8), 128.5 (C-5), 123.6 (C-2),120.9
(C-4), 115.3 (C-6), 59.1 (C-7), 58.6 (C-10).

3.3.9. Penicisoquinoline (9). Yellow gum; [a]3° —21 (c 0.50, MeOH);
UV (MeOH) Amax (loge) 252 (3.69), 353 (3.19) nm; IR (neat) vmax
3245, 1692, 1641 cm™'; HREIMS m/z [M]* 273.1009 (calcd for
C15H1sNOg4, 273.1001); 'H NMR (CDCl3+CD30D, 300 MHz) 6y 9.48
(1H,s,H-9),7.79 (1H, s, H-6), 7.72 (1H, d, J=8.4 Hz, H-4), 7.36 (1H, d,
J=8.4 Hz, H-5), 4.89 (2H, s, H-10), 2.36 (1H, m, H-11), 1.19 (3H, br s,
H-13), 0.97 (3H, br s, H-12); 3C NMR (CDCl3+CD30D, 75 MHz) é¢
199.0 (C-3),171.9 (C-9b), 159.3 (C-7), 146.6 (C-9), 142.7 (C-5a), 124.5
(C-4),120.3 (C-5),117.4 (C-6),115.9 (C-3a, C-9a), 110.1 (C-2), 64.5 (C-
10), 34.2 (C-11), 16.0 (C-12), 15.5 (C-13).

3.4. Antibacterial activity testing

MICs were determined by the agar microdilution method.!? The
test substances were dissolved in DMSO (Merck, Germany). Serial
twofold dilutions of the test substances were mixed with melted
Mueller—Hinton agar (Difco) in the ratio of 1:100 in microtiter
plates with flat-bottomed wells (Nunc, Germany). Final concen-
tration of the test substances in agar ranged from 0.03 to 128 pg/
mL. SA and MRSA were used as test strains. Inoculum suspensions
(10 puL) were spotted on agar-filled wells. The inoculated plates
were incubated at 35 °C for 18 h. MICs were recorded by reading
the lowest substance concentration that inhibited visible growth.
Vancomycin, a positive control drug, exhibited the MIC value of
1 pg/mL. Growth controls were performed on the agar containing
DMSO.
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Flavanone glucuronides from the leaves of

Garcinia prainiana
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Abstract: Phytochemical investigation of Garcinia prainiana’s leaves led to the isolation of prainianonide (1), a new fla-
vanone glucuronide, together with six known compounds: (2S)-eriodictyol 7-O-8-D-glucuronide (2), naringenin 7-O-8-D-
glucuronide (3), (-)-GB-1a (4), (+)-morelloflavone (5), amenthoflavone (6), and friedelin (7). Their structures were eluci-
dated by spectroscopic methods. The absolute configuration of 1 was determined by circular dichroism spectroscopy. Com-

pounds 4 and 5 showed significant antioxidant activity.

Key words: Garcinia prainiana, Guttiferae, flavanone glucuronide, biflavonoid, antioxidant.

Résumé : Une étude phytochimique des feuilles de Garcinia prainiana a permis d’isoler le prainianonide (1), un nouveau
glucuronide de flavanone ainsi que six nouveaux composés : le 7-O-p-D-glucuronide du (25)-ériodictyol (2), le 7-O-8-D-
glucuronide du de la naringénine (3), le (-)-GB-1a (4), la (+)-morelloflavone (5), I’amenthoflavone (6) et la friedéline (7).
Leurs structures ont été ¢lucidées par des méthodes spectroscopiques. La configuration absolue du composé 1 a été déter-
minée par spectroscopie de dichroisme circulaire. Les composés 4 et 5 présentent une activité antioxydante significative.

Mots-clés : Garcinia prainiana, Guttiferae, glucuronide de flavanone, biflavonoide, antioxydant.

[Traduit par la Rédaction]

Introduction

Plants in the genus Garcinia are known to be a rich
source of bioactive compounds such as xanthones,!-3 bifla-
vonoids,*> benzophenones,” benzoquinones,® and triter-
penes.”® Some of them have shown a wide range of
biological activities including antibacterial,¢ antifungal,’
antioxidant,>10 and cytotoxic>!! effects. In our ongoing ef-
fort to search for biologically active substances from Garci-
nia plants, we found that the crude methanol extract from
the leaves of G. prainiana showed significant antioxidant
activity. Garcinia prainiana, locally named Chu-pu, is dis-
tributed in the southern part of Thailand. This plant is a
small tree with a berrylike fruit. Its ripe fruits are edible
and used for lowering blood pressure.'2 In this paper, we de-
scribe the isolation and structural elucidation of one new fla-
vanone glucuronide together with six known compounds and
their antioxidant activity.

Results and discussion

The crude methanol extract from the leaves of G. praini-
ana was subjected to chromatographic techniques to yield
one new flavanone glucuronide, prainianonide (1), as well
as two known flavanone glucuronides, (2S)-eriodictyol 7-O-
B-D-glucuronide (2)!3 and naringenin 7-O-B-D-glucuronide

(3),!4 three biflavonoids, (-)-GB-1a (4),!5 (+)-morelloflavone
(5),'6 and amenthoflavone (6),!”7 and friedelin (7) (Chart
1).!8 The structure of 1 was determined by analysis of one-
and two-dimensional NMR spectroscopic data, while the
known compounds were identified by comparison of the
NMR data, especially 'H and '3C NMR data, with previ-
ously reported data (see Supplementary data). The absolute
configurations of 1 and 2 were assigned by circular dichro-
ism (CD) spectroscopy. This is the first report on the isola-
tion of a flavanone glucuronide from the genus Garcinia.
Prainianonide (1) was isolated as a pale yellow gum. Its
molecular formula, C;,H»O;;, was deduced by high-
resolution electron impact mass spectrometry (HR-EI-MS)
(mlz 462.1144 [M]* (calcd. 462.1162)). The UV spectrum
showed characteristic absorption bands of a flavanone chro-
mophore at 283 and 337 nm.!? The IR spectrum showed ab-
sorption bands for a hydroxyl group (3422 cm™!), an ester
carbonyl group (1716 cm™!), and a flavanone carbonyl group
(1644 cm!). The 'H NMR spectrum (Table 1) displayed
AA'BB’ signals at 8 7.33 and 6.82 (2H each, d, J = 8.4 Hz),
two meta-coupled signals at 8 6.16 and 6.17 (1H each, brs),
an oxymethine proton signal at § 5.39 (1H, dd, J = 13.2,
2.7 Hz), and methylene proton signals at § 3.18 (1H, dd,
J =17.1, 13.2 Hz) and 2.75 (1H, dd, J = 17.1, 2.4 Hz).
These data indicated that 1 had a 4',5,7-trihydroxyflavanone
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skeleton.2? In addition, the 'H NMR data (Table 1) showed Table 1. 'H and °C NMR spectral data of 1 in CD30D and
signals of a sugar unit (3 5.07 (1H, d, J = 7.2 Hz), 4.09 (1H, major correlations.
d, J = 9.6 Hz), 3.60 (1H, t, J = 9.6 Hz), 3.49 (1H, dd, J =

Can. J. Chem. Downloaded from www.nrcresearchpress.com by Prince of Songkla University on 05/14/11

9.6, 7.2 Hz), 3.47 (IH, t, J = 9.6 Hz)) and a methoxyl signal ~ Losition  dw mult, /(in Hz) b HMBC
at 8 3.76 (3H, s). The '3C NMR spectrum (Table 1) showed 2 5.39,dd, 13.2,2.7 793 C4,CY, /C-2 6
the presence of one ester carbonyl carbon (3 169.4). A heter- 3 3.18,dd, 17.1, 13.2 428 €10, C1
onuclear multiple bond correlation (HMBC) between the 275, dd, 17.1, 24
methoxy protons (3 3.76) and the ester carbonyl carbon (3 4 197.2
169.4) indicated the presence of a methyl ester group. This 2 6.17. b lgzg C-8. C-10
methyl ester group was connected to C-5" (3§ 75.2) of a 7 7 BrS 165.1 i
sugar moiety, which was determined by HMBC of H-5" (§ g 6.16. brs 95' 4 C6 C10
4.09) / C-6” (3 169.4). From these results, the sugar moiety o ) ’

. . . . 9 163.2
was identified as a methyl ester of glucuronic acid.!> The 10 103.7
anomeric proton of the glucuronic acid at 8§ 5.07 with a large v | 29' 4
coupling constant of 7.2 Hz implied that this unit must have » 6 733, d. 8.4 127'7 C2. A
a B-glucuronide form.!3 Irradiation of H-5" affected signal 3,’ 5 6'82’ d’ 8'4 114'9 C-I: ca
intensities of both H-1" (5 5.07) and H-3" (5 3.47), support- e 1577 ’
ing the assigned stereochemistry of the glucuronide unit. A 1 507.d72 99'6 7
cross peak in the HMBC spectrum between H-1" of the glu- o 349 dd. 9.6.72 756 C3" CA”
curonide unit and C-7 (3 165.1) of the flavanone skeleton 3 347196 729 C-1". C2" C-A”
indicated the attachment of the glucuronide unit to the 7- 4 360196 714 Cor ’
hydroxyl group of the flavanone moiety. The absolute con- 5 409.d.96 752 C.1”. C-A". C-6"
figuration of 1 was assigned by CD spectroscopy. Its CD o o 169.4 ’ ’
spectrum showed positive Cotton effects (249 (Ae —5.84), 7 376, s 515 C-6"

290 (Ag +2.35) nm), indicating that the absolute configura-
tion of the 2-position is an R orientation, which was sup-
ported by comparison with positive (252 (Ae —1.00), 292
(Ae +3.66) nm) and negative Cotton effects (250

Published by NRC Research Press
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(Ag +1.43), 293 (Ae -3.48) nm) of (2R)-eriodictyol 7-O-p-
D-glucuronide and (25)-eriodictyol 7-O-B-D-glucuronide (2),
respectively.!3 Therefore, 1 was characterized as (2R)-4,5-
dihydroxyflavanone 7-O-B-glucuronide methyl ester, a new
flavanone glucuronide.

Compounds 1-6 were examined for their antioxidant ac-
tivity against DPPH (diphenylpicrylhydrazyl) radicals, while
compound 7 was not tested owing to the lack of phenolic
moiety. Compounds 4 and 5 showed higher radical scaveng-
ing potency than the standard (butylated hydroxyanisole),
with ICsy values (concentration required to reduce DPPH
radicals by 50%) of 148 and 72 umol/L, respectively
(Table 2). Compound 2 was much less active, with an ICs,
value of 841 umol/L. The radical trapping potency of morel-
loflavone (5), which was twofold higher than that of GB-1a
(4), was mainly due to the presence of ortho-dihydroxy
groups in its B ring, a structural feature required for effec-
tive radical scavenging.?! Compound 5, however, has been
shown to be a potent antioxidant in various studies.?>23 In
comparison with the biflavonoids (4 and 5), the flavanone
glucuronide (2) seemed to be a poor scavenger. As the 5,7-
dihydroxy moiety in the A ring is known to have a strong
influence on the total antioxidant activity of flavonoids,?2!
thus blocking the 7-position by glycosylation and containing
only a single hydroxyl substituent at position 5 in the A
ring, compound 2 became an ineffective hydrogen donor in
this chemical arrangement.

Experimental

General

The infrared (IR) spectra were recorded neat using a
PerkinElmer 783 FTS165 FTIR spectrometer. The ultravio-
let (UV) absorption spectra were measured on a SHI-
MADZU UV-160A spectrophotometer. 'H and '3C NMR
spectra were recorded on a 300 MHz Bruker FTNMR Ultra
Shield spectrometer in deuterochloroform solution with tet-
ramethylsilane as an internal standard. The EI and HR-EI
mass spectra were obtained on a MAT 95 XL mass spec-
trometer (Thermofinnigan). Optical rotation was measured
on a JASCO P-1020 polarimeter. CD spectra were recorded
on a JASCO J-810 spectropolarimeter. Thin-layer chroma-
tography was performed on silica gel 60 GF,s4 (Merck).
Column chromatography (CC) was carried out on Sephadex
LH-20, silica gel (Merck) type 60 (230-400 mesh ASTM) or
type 100 (70-230 mesh ASTM), or reverse phase C-18 silica
gel. Light petroleum had a bp of 40-60 °C.

Plant material

The leaves of G. prainiana were collected in Narathiwat
Province, Thailand. The voucher specimens (K.Man-
eenoon2010-001-003) were deposited in the Herbarium at
the Department of Biology, Faculty of Science, Prince of
Songkla University, Hat Yai, Songkhla, Thailand.

Extraction and isolation

The leaves of G. prainiana (0.80 kg), cut into small seg-
ments, were extracted with MeOH three times over a period
of 7 days at room temperature. After filtration, the filtrate
was evaporated to dryness under reduced pressure to give a
crude methanol extract as a dark brown gum (56.2 g). The
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Table 2. Antioxidant activity of
compounds 1-6.

DPPH*
Compound 1Cs0 (umol/L)
1 _a
2 841
3 _a
4 148
5 72
6 _a
BHA" 167
“Inactive.

"Butylated hydroxyanisole.

resulting residue was subjected to CC over Sephadex LH-20
with MeOH to afford four fractions (G1-G4). Fraction G3
(1.01 g) was dissolved with CH,Cl, to provide soluble
(G3D) and insoluble (G3N) fractions. Fraction G3D
(399.6 mg) was subjected to CC over silica gel with a gra-
dient of CH,Cly/petroleum ether (1:1) to provide 7
(73.4 mg). Fraction G4 (2.7 g) was subjected to CC over re-
verse phase silica gel with a gradient of MeOH/H,0 (1:1) to
provide five subfractions (G4A—G4E). Subfraction G4A
(260.2 mg) was chromatographed using CC over reverse
phase silica gel with a gradient of MeOH/H,O (1:4) to pro-
duce 2 (14.1 mg). Subfraction G4B (31.2 mg) was separated
by CC over reverse phase silica gel with a gradient of
MeOH/H,0 (2:3) to provide four subfractions (G4B1-
G4B4). Subfraction G4B1 (15.6 mg) was further subjected
to CC over reverse phase silica gel with a gradient of
MeOH/H,0 (1:4) to provide 3 (4.3 mg). Subfractions G4B3
(25.9 mg) and G4B4 (34.7 mg) were chromatographed using
CC over Sephadex LH-20 with MeOH/CH,Cl, to produce 1
(3.9 mg) and 4 (8.7 mg), respectively. Subfraction G4D
(69.5 mg) was purified by CC over reverse phase silica gel
with a gradient of MeOH/H,0 (6:4) to afford 5 (25.3 mg).
Subfraction G4E (67.1 mg) was subjected to CC over re-
verse phase silica gel with a gradient of MeOH/H,O (6:4)
followed by CC over Sephadex LH-20 using MeOH/CH,Cl,
to produce 6 (4.0 mg).

Prainianonide (1)

Pale yellow gum. [a]?® -26.0° (¢ 0.20, MeOH). UV
(MeOH) (nm, log ¢): 337 (2.14), 283 (3.63), 224 (3.81).
FTIR (neat, cm™!): 3422, 1716, 1644. CD (MeOH) (nm,
Ag): 249 (-5.84), 290 (+2.35). 'H NMR (300 MHz,
CD;0D) and 13C NMR (75 MHz, CD;0D) data: see Table 1.
EI-MS m/z: 462 [M]* (3), 272 (100), 254 (7), 179 (27), 166
(36), 153 (86), 120 (57), 107 (23). HR-EI-MS m/z: 462.1144
[M]+ (CalCd. for C22H220113 4621162)

Determination of antioxidant activity

DPPH radical scavenging assay

The DPPH radical scavenging assay was carried out in
triplicate, based on the method used by Hutadilok-Towatana
et al.2* BHA (butylated hydroxyanisole), a positive control,
gave an ICsq value of 167 pmol/L. The DPPH radical scav-
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enging ability was calculated based on the concentration of
sample required to reduce DPPH radicals by 50% (ICsy).

Supplementary data

Supplementary data are available with the article through
the journal Web site (www.nrcresearchpress.com/cjc).
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ABSTRACT

Trichodermaquinone (1) and trichodermaxanthone (2) were isolated from the
marine-derived fungus Trichoderma aureoviride PSU-F95 together with eleven known
compounds. The structures were interpreted by spectroscopic methods. Known
coniothranthraquinone 1 and emodin displayed strong antibacterial activity against
methicillin-resistant Staphylococcus aureus with the MIC values of 8 and 4 pg/mL,
respectively.

Key words: Trichoderma aureoviride, Marine-derived fungus,
Tetrahydroanthraquinone, Xanthone, Antibacterial activity



INTRODUCTION

Marine-derived fungi belonging to the genus Trichoderma produce many types
of bioactive metabolites such as the antimycobacterial aminolipopeptide trichoderins
(Pruksakorn et al., 2010), the antifungal trichodermaketone A (Song et al., 2010) and
the cytotoxic dipeptide trichodermamide B (Garo et al., 2003). As part of an effort to
search for biologically active compounds from our marine-derived fungi collection, we
screened the isolated fungi for antibacterial activity against Staphylococcus aureus (SA)
ATCC 25923 and methicillin-resistant S. aureus SK1 (MRSA). Results indicated that
the broth and mycelial extracts from the marine-derived fungus 7. aureoviride PSU-
F95, isolated from a gorgonian sea fan of the genus Annella, showed interesting activity
against both strains. Based on SciFinder Scholar Database searches, there has been only
one report on the chemical investigation of 7. aureoviride leading to the isolation of
growth-inhibiting koninginin G (Cutler et al., 1999). We report herein the isolation of
two new metabolites from the broth extract of the fungus 7. aureoviride PSU-F95: one
tetrahydroanthraquinone, trichodermaquinone (1), and one xanthone,
trichodermaxanthone (2) (Fig. 1), along with seven known compounds,
coniothranthraquinone 1 (3) (Yi et al., 2010), aloesone (4) (Che et al., 1991), 2-(2'S-
hydroxypropyl)-5-methyl-7-hydroxychromone (5) (Kashiwada et al, 1984),
isorhodoptilometrin (6) (Ren et al., 2006), pachybasin (7) (Liu et al., 2007), 1-hydroxy-
3-methoxyanthraquinone (8) (Wu et al., 2003) and 2-methylquinizarin (9) (Kuo et al.,
1995). In addition, the mycelial extracts afforded four additional known compounds, -
hydroxypachybasin (10) (Kuo et al., 1995), chrysophanol (11) (Ngoc et al., 2008),
emodin (12) (Cohen and Towers, 1995) and ®-hydroxyemodin (13) (Fujimoto et al.,
2004). Their structures were determined based on spectroscopic data. Antibacterial
activity against SA and MRSA of some isolated compounds was evaluated.
MATERIALS AND METHODS
General procedures

Infrared spectra (IR) were recorded on a Perkin-Elmer 783 FTS 165 FT-IR
spectrometer. Ultraviolet (UV) absorption spectra were measured in MeOH on a
Shimadzu UV-160A spectrophotometer. Optical rotations were measured on a JASCO
P-1020 polarimeter. 'H and >C NMR spectra were recorded on 300 and 500 MHz
Bruker FTNMR Ultra Shield spectrometer. Chemical shifts are expressed in o (ppm)
referring to the TMS peak. Mass spectra were measured on a MAT 95 XL mass
spectrometer (Thermo Finnigan) or on a Micromass model VQ-TOF2 spectrometer.
Thin-layer Chromatography (TLC) and precoated TLC (PTLC) were performed on
silica gel GF;,s¢ (Merck). Column chromatography (CC) was carried out on silica gel
(Merck) type 100 (70-230 Mesh ASTM) with a gradient system of MeOH-CH,Cl,, on
Sephadex LH-20 with MeOH or on reverse phase silica gel C-18 with a gradient system
of MeOH-H,O, or otherwise stated.
Fungal strain

The marine-derived fungus 7. aureoviride PSU-F95 was isolated from the
gorgonian sea fan (4Annella sp.). The sea fan was collected and identified according to
previously reported methods (Trisuwan et al., 2010). The fungus was deposited as PSU-
F95 (GenBank accession number EU714396) at the Department of Microbiology,
Faculty of Science, Prince of Songkla University, Thailand.

Tissue Samples were treated with 95% ethanol for 1 minute and rinsed with
sterile distilled water. The surface-sterilized samples were placed on cornmeal agar
(supplemented with tetracycline and ampicillin to suppress bacterial growth) and



incubated at 25 °C until the outgrowth of sea fan-derived fungi was discerned. Hyphal
tips originating from sea fan samples were transferred to potato dextrose agar (PDA)
without antibiotics. The fungal isolate was transferred to the new medium by the hyphal
tip method.
Identification of the fungus PSU-F95

The fungus PSU-F95 was identified based on its morphological and molecular
characteristics. Its colony is fast growing on potato dextrose agar at 25 °C. It produces a
scattered blue-green mass of conidia with secreted yellow pigment after five days of
incubation. Conidiophores are hyaline and extensively branched with hyaline, 1-celled,
ovoid conidia borne in small terminal clusters which are the characteristics of the genus
Trichoderma (Barnett and Hunter, 1998). Its ITS sequence (EU714396) matched
closely with sequences of Trichoderma aureoviride AF359266, AF359400 and
EF359265 with a very short tree branch length, 99.8 % sequence identity and highly
similar by bootstrap value. These data confirmed the identity of PSU-F95 to be
Trichoderma aureoviride.
Fermentation and isolation

The sea fan-derived fungus PSU-F95 was grown on potato dextrose agar (PDA)
at 25 °C for five days. Three pieces (0.5 x 0.5 cm?®) of mycelial agar plugs were
inoculated into 500 mL Erlenmeyer flasks containing 300 mL potato dextrose broth
(PDB) at room temperature for four weeks. The crude extracts from the fungus PSU-
F95 were prepared using the same procedure as described previously (Arunpanichlert et
al., 2010) to give broth EtOAc (BE, 639.8 mg), mycelial EtOAc (CE, 462.8 mg) and
mycelial hexane (CH, 127.9 mg) extracts, respectively. The BE extract was subjected to
column chromatography (CC) over Sephadex LH-20 to obtain five fractions (A-E).
Fraction B (82.9 mg) was further purified by CC over reverse phase C-18 silica gel to
afford four subfractions (B1-B4). Subfraction B2 (19.5 mg, eluted with 70% MeOH-
H,0) was rechromatographed over reverse phase C-18 silica gel and then purified by
preparative thin-layer chromatography (PTLC) using 3% MeOH-CH,Cl, (4 runs) to
give 4 (3.6 mg) and 5 (3.9 mg). Fraction C (101.6 mg) was further investigated using
the same procedure as fraction B to yield five subfractions (C1-C5). Both subfractions
C1 (54.8 mg, eluted with 60% MeOH-H,0) and C2 (17.9 mg, eluted with 60% MeOH-
H,0) were further purified over reverse phase C-18 silica gel to give 1 (3.5 mg) and 3
(10.1 mg), respectively. Subfraction C4 (4.9 mg, eluted with 80% MeOH-H,0)
contained 7 (4.9 mg). Fraction D (106.4 mg) was subjected to the same procedure as
fraction B to yield five subfractions (D1-D5). Subfractions D2 (1.1 mg, eluted with 70%
MeOH-H,0) and D5 (2.4 mg, eluted with 90% MeOH-H,0) contained compounds 2
(1.1 mg) and 9 (2.4 mg), respectively. Subfraction D3 (10.6 mg, eluted with 70%
MeOH-H,0) was further purified by PTLC using 2% MeOH-CH;Cl, as a mobile phase
to give 6 (5.7 mg) and 8 (1.0 mg). The CH extract was chromatographed using CC over
silica gel to give three fractions (CH1-CH3). Fraction CH2 (29.3 mg, eluted with 1-3%
MeOH-CH,Cl,) was rechromatographed over silica gel with a gradient of EtOAc-light
petroleum to give 10 (2.0 mg) and 12 (5.4 mg). The CE extract was purified by CC over
Sephadex LH-20 to give four fractions (CE1-CE4). Both fractions CE2 (52.6 mg) and
CE4 (31.3 mg) were subjected to CC over reverse phase C-18 silica gel to give 13 (3.5
mg). Fraction CE3 (101.9 mg) was further purified using the same method as fraction
CE2 and then repurified by PTLC using 1% EtOAc-light petroleum (10 runs) as a
mobile phase to yield 11 (1.5 mg).
Trichodermaquinone (1)



Yellow gum; [o]p>* —45.9 (¢ 0.20, MeOH); UV Amex (MeOH) nm (log €): 243 (3.35),
273 (3.23); IR vmax (neat) cm™: 3263, 1662, 1627; 'H NMR (300 MHz, acetone-ds) and
3C NMR (75 MHz, acetone-ds), see Table I; EIMS m/z (% relative intensity): 290 (100),
231 (88), 135 (74), 115 (55), 77 (61); HREIMS m/z: [M]" 290.0790 (calcd for C;sH 40,
290.0790).

Trichodermaxanthone (2)

Pale yellow gum; UV Anyax (MeOH) nm (log €): 241 (3.51), 255 (3.48), 273 (3.42), 313
(3.26) and 341 (2.86); IR vy (neat) cm™: 3315, 1698, 1650; 'H NMR (300 MHz,
acetone-dg) and °C NMR (75 MHz, acetone-ds), see Table II; EI-MS m/z (% relative
intensity) 300 (21), 258 (100), 229 (10); HR-TOF-MS (APCI positive) m/z: [M + Na]"
323.0543 (calcd for C;6H206Na, 323.0532).

Coniothranthraquinone 1 (3)

Yellow gum; [o]p> =32.0 (¢ 0.20, MeOH); UV Ama (MeOH) nm (log €): 249 (3.67),
277 (3.64), 419 (3.25); IR vmax (neat) cm™: 3343, 1662, 1628; '"H NMR (300 MHz,
acetone-dg): 6 12.04 (1H, s, 1-OH), 7.37 (1H, 4, J = 0.9 Hz, H-4), 7.07(1H, ¢, J = 0.6
Hz, H-2), 4.05 (2H, m, H-6, H-7), 2.80 (1H, m, H,-5), 2.75 (2H, m, Hy-5, H,-8), 2.69
(1H, m, Hy-8), 2.43 (3H, s, Hs-11); *C NMR (75 MHz, acetone-d): & 189.6 (C-9),
183.5 (C-10), 161.4 (C-1), 148.0 (C-3), 143.0 (C-8a), 141.7 (C-10a), 132.1 (C-4a),
123.1 (C-2), 119.6 (C-4), 112.8 (C-9a), 67.4 (C-6, C-7), 29.1 (C-8), 28.4 (C-5), 21.1 (C-
11).

Aloesone (4)

Colorless gum; UV Apax (MeOH) nm (log €): 210 (2.89), 242 (3.71), 249 (3.54), 292
(3.44); IR Vpax (neat) cm™: 3360, 1717, 1649; "H NMR (300 MHz, acetone-dg): & 9.60
(1H, brs, 7-OH), 6.68 (1H, d, J = 2.4 Hz, H-6), 6.67 (1H, d, J = 2.4 Hz, H-8), 6.04 (1H,
s, H-3), 3.82 (1H, s, H,-9), 2.27 (3H, s, H3-11), 2.71 (3H, s, H3-12); °*C NMR (75 MHz,
acetone-ds): 6 201.3 (C-10), 178.3 (C-4), 160.9 (C-7), 160.4 (C-2), 159.7 (C-8a), 142.3
(C-5), 116.5 (C-6), 115.0 (C-4a), 113.1 (C-3), 100.7 (C-8), 47.5 (C-9), 28.9 (C-11), 21.9
(C-11).

2-(2'S-Hydroxypropyl)-5-methyl-7-hydroxychromone (5)

Colorless gum; [o]p? +32.7 (¢ 0.55, MeOH); UV Amax (MeOH) nm (log €): 210 (3.02),
242 (2.92), 249 (2.92), 290 (2.76); IR Vinay (neat) cm™: 3400, 1643; '"H NMR (300 MHz,
acetone-ds): 6 9.52 (1H, brs, 7-OH), 6.69 (1H, d, J = 2.4 Hz, H-8), 6.66 (1H, brs, H-6),
5.97 (1H, s, H-3), 4.21 (1H, m, H-10), 2.70 (3H, s, H3-12), 2.65 (1H, m, H,-9), 1.25 (3H,
d, J = 6.8 Hz, Hs-11); >C NMR (75 MHz, acetone-ds): & 178.5 (C-4), 164.6 (C-2),
160.7 (C-7), 159.7 (C-8a), 142.2 (C-5), 116.3 (C-6), 115.3 (C-4a), 111.9 (C-3), 100.7
(C-8), 64.8 (C-10),43.3 (C-9),22.9 (C-11), 21.9 (C-12).

Isorhodoptilometrin (6)

Yellow gum; [o]p> -33.6 (¢ 0.20, MeOH); UV Ama (MeOH) nm (log €): 220 (3.67),
252 (3.43), 290 (3.38), 437 (3.14); IR vy (neat) cm™: 3373, 1693, 1664; 'H NMR (300
MHz, acetone-ds): 6 12.20 (1H, s, 8-OH), 12.08 (1H, s, 1-OH), 7.66 (1H, d, J = 1.8 Hz,
H-4), 7.26 (1H, d, J = 2.7 Hz, H-5), 7.21 (1H, d, J = 1.8 Hz, H-2), 6.66 (1H, d, J = 2.7
Hz, H-7), 4.09 (1H, sext, J = 6.0, 0.9 Hz, H-12), 2.82 (2H, m, H,-11), 1.22 BH d, J =
6.0 Hz, Hs-13); °C NMR (75 MHz, acetone-ds): 5 190.9 (C-9), 182.0 (C-10), 165.8 (C-
8), 165.4 (C-1, C-6), 150.4 (C-3), 135.8 (C-4a), 133.1 (C-10a), 124.8 (C-2), 121.2 (C-4),
113.9 (C-9a), 109.5 (C-8a), 108.9 (C-5), 108.0 (C-7), 67.4 (C-12), 45.6 (C-11), 22.9 (C-
13).

Pachybasin (7)



Yellow gum; UV Amax (MeOH) nm (log €): 223 (3.37), 253 (3.44), 329 (2.52), 405
(2.85); IR vy (neat) cm™: 3516, 1712, 1677; 'H NMR (300 MHz, CDCL3): 6 12.58 (1H,
s, 1-OH), 8.31 (1H, m, H-5), 8.28 (1H, m, H-8), 7.82 (1H, m, H-6), 7.78 (1H, m, H-7),
7.65 (1H, d, J = 1.2 Hz, H-4), 7.11 (1H, dg, J = 1.2, 0.6 Hz, H-2), 2.45 (3H, s, H3-11);
BC NMR (75 MHz, CDCl): & 188.1 (C-9), 182.8 (C-10), 162.8 (C-1), 148.6 (C-3),
134.4 (C-7), 134.1 (C-6), 133.7 (C-8a), 133.4 (C-10a), 133.2 (C-4a), 127.4 (C-8), 126.8
(C-5), 124.1 (C-2), 120.8 (C-4), 114.1 (C-9a), 22.3 (C-11).
1-Hydroxy-3-methoxyanthraquinone (8)

Yellow gum; UV Amax (MeOH) nm (log €): 204 (3.76), 221 (3.71), 252 (3.65), 280
(3.29), 326 (3.62); IR vmax (neat) cm™: 3243, 1688, 1664; '"H NMR (300 MHz, acetone-
de): 8 12.60 (1H, s, 1-OH), 8.33 (1H, m, H-8), 8.28 (1H, m, H-5), 7.81 (1H, s, H-4), 7.97
(2H, m, H-6, H-7), 7.37 (1H, s, H-2), 4.80 (3H, s, H3-11); >*C NMR (75 MHz, acetone-
do): & 188.4 (C-9), 182.0 (C-10), 162.9 (C-1), 153.4 (C-3), 134.8 (C-6), 134.4 (C-7),
133.6 (C-8a), 133.7 (C-4a), 133.3 (C-10a), 127.0 (C-5), 126.6 (C-8), 120.3 (C-2), 116.9
(C-4), 114.8 (C-9a), 62.9 (C-11).

2-Methylquinizarin (9)

Yellow gum; UV Amax (MeOH) nm (log €): 202 (2.99), 222 (2.91), 249 (2.83), 282
(2.29); IR Vpax (neat) cm™: 3247, 1690, 1660; "H NMR (300 MHz, acetone-ds): & 13.40
(1H, s, 4-OH), 12.95 (1H, s, 1-OH), 8.37 (2H, m, H-5, H-8), 8.00 (2H, m, H-6, H-7), 7.32
(1H, ¢, J = 1.0 Hz, H-2), 2.38 (1H, d, J= 1.0, Hs-11); >C NMR (75 MHz, acetone-dg): &
188.3 (C-10), 187.5 (C-9), 158.6 (C-1), 158.0 (C-4), 141.9 (C-3), 135.8 (C-7)%, 135.6 (C-6),
134.6 (C-10a), 134.4 (C-8a), 129.7 (C-2), 127.7 (C-8)°, 127.6 (C-5)°, 112.8 (C-4a), 112.0
(C-9a), 16.4 (C-11); " may be interchageable.

o-Hydroxypachybasin (10)

Yellow gum; UV Apax (MeOH) nm (log €): 224 (3.96), 246 (4.06), 255 (4.07), 281
(3.72), 328 (3.10), 401 (3.41); IR Vyax (neat) cm™: 3192, 1673, 1668; 'H NMR (300
MHz, CDCl): § 12.63 (1H, s, 1-OH), 8.32 (1H, m, H-5), 8.30 (1H, m, H-8), 7.83 (1H, m,
H-7), 7.82 (1H, m, H-6), 7.81 (1H, m, H-4), 7.35 (1H, m, H-2), 4.83 (2H, s, H,-11); °C
NMR (75 MHz, CDCls): & 188.3 (C-9), 182.4 (C-10), 163.1 (C-1), 150.9 (C-3), 134.6 (C-
6), 134.2 (C-7), 133.7 (C-4a), 133.6 (C-8a), 133.3 (C-10a), 127.5 (C-8), 126.9 (C-5), 121.2
(C-2), 117.3 (C-4), 115.3 (C-9a), 64.2 (C-11).

Chrysophanol (11)

Yellow gum; UV Apa (MeOH) nm (log €): 224 (3.58), 255 (3.33), 277 (3.01), 287
(3.02), 429 (3.07); IR vpmax (neat) cm™: 3337, 1688, 1675; "H NMR (300 MHz, CDCls):
§ 12.13 (1H, s, 8-OH), 12.02 (1H, s, 1-OH), 7.82 (1H, dd, J = 8.4, 1.2 Hz, H-5), 7.68
(1H, ¢, J = 8.4 Hz, H-6), 7.65 (1H, d, J= 1.5 Hz, H-4), 7.29 (1H, dd, J = 8.4, 1.2 Hz, H-
7), 7.10 (1H, brs, H-2), 2.47 (3H, s, H3-11); >C NMR (75 MHz, CDCl3): & 192.6 (C-9),
182.0 (C-10), 162.8 (C-1), 162.5 (C-8), 149.3 (C-3), 136.9 (C-6), 133.7 (C-4a), 133.3
(C-10a), 124.6 (C-7), 124.4 (C-2), 121.4 (C-4), 119.9 (C-5), 115.9 (C-8a), 113.8 (C-9a),
22.2 (C-11).

Emodin (12)

Yellow gum; UV Apax (MeOH) nm (log €): 218 (3.84), 254 (3.60), 264 (3.60), 287
(3.55), 431 (3.19); IR vmax (neat) cm™: 3373, 1689, 1662; 'H NMR (300 MHz, CDCl5):
§12.17 (1H, s, 8-OH), 12.05 (1H, s, 1-OH), 7.54 (1H, s, H-4), 7.23 (1H, d, J = 2.4 Hz,
H-5), 7.11 (1H, s, H-2), 6.64 (1H, d, J = 2.4 Hz, H-7), 2.45 (3H, s, H3-11); *C NMR (75
MHz, CDCls): & 190.7 (C-9), 181.3 (C-10), 165.7 (C-6), 165.4 (C-8), 162.4 (C-1), 148.6



(C-3), 135.7 (C-10a), 133.3 (C-4a), 124.0 (C-2), 120.6 (C-4), 113.6 (C-9a), 109.4 (C-
8a), 108.9 (C-5), 108.0 (C-7), 21.1 (C-11).
o-Hydroxyemodin (13)
Yellow gum; UV An. (MeOH) nm (log €): 221 (3.21), 272 (3.10), 289 (2.93), 393
(3.47); IR vmax (neat) cm™: 3372, 1689, 1660; '"H NMR (300 MHz, acetone-ds): & 12.21
(1H, s, 8-OH), 7.75 (1H, s, H-4), 7.31 (1H, s, H-2), 7.26 (1H, d, J = 1.5 Hz, H-5), 6.65
(1H, d, J = 1.5, H-7), 4.78 (2H, s, H,-11); >C NMR (75 MHz, acetone-ds): & 191.5 (C-
9), 182.5 (C-10), 167.8 (C-6), 166.5 (C-8), 163.4 (C-1), 153.7 (C-3), 136.7 (C-10a),
134.5 (C-4a), 121.7 (C-2), 118.1 (C-4), 115.4 (C-9a), 110.5 (C-5), 110.0 (C-8a), 108.9
(C-7), 63.7 (C-11).
Acetonide formation of 3
p-Toluenesulfonic acid (1.0 mg) was added to a solution of the diol 3 (1.2 mg) in 2,2-
dimethoxypropane (0.6 mL). The solution was stirred at room temperature for 4 hours.
Saturated aqueous NaHCO3 (3 mL) was then added, and the mixture was extracted with
CH,Cl; 3 x 2 mL). The combined organic layers were dried over Na,SO4 and
concentrated under reduced pressure to obtain the acetonide 14 (1.7 mg).
Acetonide of coniothranthraquinone 1 (14)
Yellow gum; [o]p™® —13.7 (¢ 0.64, CHCls); UV Amax (MeOH) nm (log &): 250 (3.75), 277
(3.77), 426 (3.47); IR vmax (neat) cm™: 3232, 1662, 1635; '"H NMR (500 MHz, CDCl):
6 11.97 (1H, s, 1-OH), 7.40 (1H, d, J = 1.0 Hz, H-4), 6.97 (1H, ¢, J = 0.5 Hz, H-2), 4.59
(2H, m, H-6, H-7), 3.22 (2H, dm, J = 16.5 Hz, H,-5, H,-8), 2.35 (3H, s, H3-11), 2.24 (2H,
dm, J = 16.5 Hz, Hy-5, Hy-8), 1.25 (3H, s, H3-13), 1.17 (3H, s, H3-14); °C NMR (125
MHz, CDCl;): 8 187.9 (C-9), 182.8 (C-10), 161.7 (C-1), 147.8 (C-3), 143.9 (C-8a)," 142.4
(C-10a)," 131.9 (C-4a), 120.6 (C-2), 123.8 (C-4), 112.8 (C-9a), 108.3 (C-12), 72.8 (C-6, C-
7), 26.5 (C-8),° 26.2 (C-14), 25.3 (C-5),° 24.3 (C-13), 22.1 (C-11); EIMS m/z (% relative
intensity): 314 (24), 299 (100), 256 (59), 239 (100), 227 (48); HREIMS m/z: [M]"
314.1143 (calcd for 314.1149, CsH;505). ab may be interchageable.
Antibacterial activity testing

Antibacterial activity was evaluated against SA and MRSA, using the procedure
demonstrated by the Clinical and Laboratory Standards Institute (Clinical and
Laboratory Standards Institute, 2002) and Drummond and Waigh (Drummond and
Waigh, 2000).
RESULTS AND DISCUSSION

Trichodermaquinone (1) was isolated as a yellow gum and displayed the
molecular formula C;sH;4O¢ as determined by high resolution electron impact
ionization mass spectrometry (HREIMS). Its (ultraviolet) UV and (infrared) IR spectra
exhibited absorption bands indicative of a naphthoquinone moiety (Higa et al., 1998).
The 'H NMR data (Table I) contained signals for one chelated hydroxyl proton (8y
12.12, 5) two meta-coupled aromatic protons (oy 7.58 and 7.26, each d, J = 1.2 Hz, 1H),
two oxymethine protons (g 4.05, m, 2H) and two methylene groups (dy 2.80 and 2.77,
each m, 2H) along with one hydroxymethylene signal (8y 4.74, s, 2H). The *C NMR
spectrum (Table I) displayed resonances for two carbonyls (8¢ 189.7 and 183.4), six
quaternarys (0c 161.5, 152.4, 143.4, 141.8, 132.3 and 113.6), two aromatic methines (d¢
120.0 and 116.3), one resonance for two oxymethines (8¢ 67.4), two methylenes (6¢
28.4 and 29.1) and one oxymethylene (6¢ 62.9). The chelated hydroxy proton was
placed at C-1 (8¢ 161.5), peri-position to the carbonyl carbon (C-9, d¢ 189.7), and gave
the *J HMBC cross peaks with C-2 (8¢ 120.0) and C-9a (8¢ 113.6). One of two meta-
aromatic protons resonated at oy 7.26 was attributed to H-2 on the basis of its HMQC



correlation with C-2. The remaining aromatic proton (dy 7.58) was then assigned as H-4
which displayed the *J HMBC correlations with C-2, C-9a and C-10 (8¢ 183.4). These
data and the chemical shift of H-4 attached the other ketone carbonyl group at C-4a (d¢
132.3). The hydroxymethyl group, H,-11 (0 4.74), was connected to C-3 (6¢ 152.4) due
to its *J HMBC correlations with C-2 and C-4 (8¢ 116.3). On the basis of the following
'H-'H COSY data: Hy,-5 and Hyp-8 (8 2.80 and 2.77)/H-6 and H-7 (8 4.05) as well as
their chemical shifts, a 2,3-dihydroxybutyl unit was established. As H-6 and H-7 of the
2,3-dihydroxybutyl unit displayed the HMBC correlations with C-10a (3¢ 141.8) and C-
8a (0c 143.4), a cyclohex-4-ene-1,2-diol unit was established. C-8a and C-10a of the
cyclohex-4-ene-1,2-diol unit were connected to the carbonyl carbons C-9 and C10 to
form a tetrahydroanthraquinone according to the molecular formula and the chemical
shifts of two carbonyl carbons (6¢ 189.7 and 183.4), typical carbon resonances of a
naphthoquinone moiety (Higa et al., 1998). Finally, 1 was characterized as an 11-
hydroxymethyl derivative of 3. Because 1 and 3 possessed similar specific rotations,
they would have the same absolute configurations at C-6 and C-7. The relative
configuration of the 1,2-diol in 1 and 3 was determined by converting 3 which was
obtained in sufficient amount to its acetonide derivative 14. In accordance with
literature precedents (McCulloch et al., 2009; Isaka et al., 2010; Shao et al., 2011), the
relatively dissimilar '>C chemical shifts of the acetonide methyl groups (3¢ 24.3 and
26.2) suggested the syn configuration of the 1,2-diol. An attempt to determine the
absolute configurations of chiral centers C-6 and C-7 was pursued using the Mosher’s
method (Ohtani et al., 1991). Compound 3 was converted to its (R)- and (S)-MTPA
ester derivatives. Because of overlapping signals of H-6 and H-7 and those of H,,-5 and
H,b-8 in both esters, the absolute configurations at C-6 and C-7 remained unidentified.
Attempts to determine the absolute configurations of 3 by the exciton chirality method
(Harada and Nakanishi, 1972) were unsuccessful since conversions of 3 to its
dibenzoate ester led to the undesired aromatized product, pachybasin 7. However,
comparison of the specific rotation of 14, [a]p™ —13.7 (¢ 0.64, CHCl;), with that of (—)-
(6R,75)-6,7-(isopropylidenedioxy)-5,6,7,8-tetrahydro-1-naphthol, [a]p —22.8 (¢ 0.64,
CHCI3) (Back et al., 2004), indicated that they should have the same absolute
configurations. Consequently, the absolute configurations at C-6 and C-7 in 1 and 3,
corresponding to C-7 and C-6 in 14, were proposed to be S and R, respectively.
Trichodermaxanthone (2) was isolated as a pale yellow gum. Its molecular
formula was determined as C;cH;;0¢ by HRTOFMS measurement calculated for
Ci6H120¢Na. The UV absorption bands of the xanthone chromophore were found at 241,
255, 273, 313 and 341 nm (dos Santos et al., 2000) while the IR spectrum exhibited
absorption bands for a hydroxyl group at 3315 cm™ and for two carbonyl groups at 1698
and 1650 cm™. One chelated hydroxy proton resonating at &y 13.17 (8-OH) exhibited
HMBC correlations to C-7 (¢ 98.0), C-8 (8¢ 163.9) and C-8a (3¢ 102.7) (Table II). One
of meta-coupled aromatic protons (dy 6.19, d, J = 2.1 Hz) was thus assigned as H-7
because it showed an HMQC correlation with C-7. The other meta-coupled aromatic
proton (8 6.34, d, J = 2.1 Hz) was then identified as H-5. This was confirmed by its *.J
HMBC correlations with C-7 and C-8a. Two remaining meta-coupled aromatic protons
at oy 6.80 (d, J = 2.4 Hz) and 6.69 (d, J = 2.4 Hz) were assigned as H-4 and H-2,
respectively, on the basis of their HMBC correlations: H-2/C-4 (6¢ 101.6) and C-9a (6¢
111.5) and H-4/C-2 (8¢ 117.7) and C-9a. The presence of a 2-propanoyl unit was
established based on the HMBC correlations from both methylene (H,-11, oy 4.28) and
methyl (H3-13, oy 2.27) protons to a ketone carbonyl carbon at 6¢ 203.4 (C-12). This



unit was connected to the xanthone skeleton at C-1 (6¢ 140.1) on the basis of the
HMBC correlations from Hj-11 to C-1 and C-2 as well as the appearance of H,-11 at
lower field due to an anisotropic effect of the xanthone carbonyl group. Based on the
carbon chemical shifts of C-3 (8¢ 162.9) and C-6 (¢ 165.0), the substituents at these
carbons must be hydroxyl groups. Consequently, 2 was identified as a new xanthone.

The crude ethyl acetate extracts from the culture broth and mycelia and the
crude hexane extract from the mycelia were screened for their antibacterial activity. The
myecelial ethyl acetate extract (CE) exhibited better antibacterial activity against SA than
the broth ethyl acetate (BE) and mycelial hexane (CH) extracts (Table III). For MRSA,
CE and CH displayed equal activity while BE exhibited much weaker activity. The
isolated compounds 1, 3-7, 12 and 13 with enough quantity were subjected to the
antibacterial activity testing against SA and MRSA (Table III). Most of the tested
compounds exhibited better antibacterial activity against MRSA than SA while
compounds 5 and 7 were inactive against both strains. Among them, compounds 3 and
12 displayed the best activity with moderate and strong effect against SA and MRSA,
respectively. Compound 12 was twofold more active than 3 against MRSA.

Our results demonstrated that emodin (12) exhibited the antibacterial activity
against SA and MRSA similar to those previously reported in the literature (Beattie et
al., 2010). Among three anthraquinones (7, 12 and 13), 12 displayed strongest
antibacterial activity against both strains. These antibacterial results suggested that both
C-3 methyl and C-6 hydroxyl groups in the anthraquinone skeleton is necessary for the
antibacterial activity against MRSA. Furthermore, the same pattern was observed
between the tetrahydroanthraquinones 1 and 3 wherein 3, with the C-3 methyl group,
was more active than 1 that possesses the hydroxymethyl group.
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Table I. '"H (300 MHz) and "*C (75 MHz) NMR data for trichodermaquinone (1) in

acetone-ds
T 13 L
Position H C
S(mult,/,Hz) & (mult) HMBC
1 - 161.5 (C) -
1-OH 12.12 (s) - C-1,C-2,C-9a
2 7.26 (d, 1.2) 120.0 (CH)  C-1,C-4, C-9a, C-11
3 - 152.4 (C) -
4 7.58 (d, 1.2) 116.3 (CH)  C-2,C-9a, C-10, C-11
4a - 132.3 (C) -
5 2.80 (m) 28.4*(CH,)  C-8a,C-10a
2.77 (m)
6 4.05 (m) 67.4 (CH) C-8a°
7 4.05 (m) 67.4 (CH) C-10a°
8 2.80 (m) 29.1*(CH,)  C-8a, C-10a
2.77 (m)
8a - 143.4° (C) -
9 - 189.7 (C) -
9a - 113.6 (C) -
10 - 183.4 (C) -
10a - 141.8° (C) -
11 4.74 (s) 62.9 (CH,) C-2,C-3,C-4

%®-¢ Interchangeable
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Table IL. 'H (300 MHz) and "°C (75 MHz) NMR data for trichodermaxanthone (2) in

acetone-dg
T T3 2
Position H C
S (mult., J, Hz) 5 (mult.) HMBC
1 - 140.1 (C) -
2 6.69 (d, 2.4) 117.7 (CH) C-4,C-9a, C-11
3 - 162.9 (C) -
4 6.80 (d, 2.4) 101.6 (CH) C-2,C-3,C-4a,C-9a
4a - 159.3 (C) -
5 6.34 (d,2.1) 93.3 (CH) C-6, C-7,C-8a, C-10a
6 - 165.0 (C) -
7 6.19 (d, 2.1) 98.0 (CH) C-5, C-6, C-8, C-8a
8 - 163.9 (C) -
8-OH 13.17 (s) - C-7,C-8,C-9a
8a - 102.7 (C) -
9 - 181.4 (C) -
Oa - 111.5(C) -
10a - 157.3 (C) -
11 4.28 (s) 49.5 (CHy) C-1,C-2,C-9a, C-12
12 - 203.4 (C) -
13 2.27 (s) 29.2 (CHj3) C-12

14



Table II1. Antibacterial activity against SA and MRSA of compounds 1, 3, 5-7, 12 and 13

Extract/ Compound  Antibacterial (MIC, pg/mL)

SA MRSA

BE? 160 320
CE® 80 80
CH® 160 80
1 -2 200
3 16 8

4 - 200
5 _e _e

6 - 16
7 _e _e
12 16 4
13 200 32
Vancomycin® 1 1

‘BE = ethyl acetate extract from culture broth
°CE = ethyl acetate extract from mycelia

°CH = hexane extract from mycelia

IStandard control drug for antibacterial activity
‘Inactive at the initial concentration of 200 pg/mL
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ABSTRACT One new modiolin, microsphaerodiolin (1), and seven new phthalides,
microsphaerophthalides A-G (2-8), together with 12 known compounds were isolated from the
endophytic fungus Microsphaeropsis arundinis PSU-G18. Their structures were elucidated by
spectroscopic methods. Known 1-(2,5-dihydroxyphenyl)-2-buten-1-one displayed significant antifungal
activity against Microsporum gypseum SH-MU-4 with a MIC value of 8 pg/mL and moderate activity
against Candida albicans and Cryptocoocus neoformans with the equal MIC value of 32 ug/mL. In
addition, it displayed moderate antimalarial activity against Plasmodiun falciparum with an 1Csy value
0f 9.63 ug/mL, and strong antioxidant activity with the ICsy value of 0.018 mg/mL.



The Microsphaeropsis genus is a rich source of bioactive compounds, such as the antibacterial
microsphaerin D,' the cytotoxic preussomerins E-I and 3'-O-demethylpreussomerin I* and the antibiotic
TAN-1496s A, C and E.? During our ongoing search for bioactive compounds from Garcinia-associated
endophytic fungi, the ethyl acetate extracts from the culture broth and mycelia of the endophytic fungus
Microsphaeropsis arundinis PSU-G18 isolated from the leaves of G. hombroniana exhibited
antioxidant (in the DPPH assay) and antifungal (against Microsporum gypseum SH-MU-4) activities.
We describe herein the isolation and structural elucidation of one new modiolin, microsphaerodiolin (1),
and seven new phthalides, microsphaerophthalides A-G (2-8), along with 12 known compounds: 4-
hydroxybenzoic acid,* modiolin (9),” deoxycyclopaldic acid (10),° 5,7-dihydroxy-4,6-dimethyl-1(3H)-
isobenzofuranone (11),” 5-hydroxy-7-methoxy-4-(methoxymethyl)-6-methylisobenzofuran-1(3H)-one
(12), 5-hydroxy-7-methoxy-4,6-dimethylphthalide (13),® 7-methoxy-3,4,5,6-tetramethylphthalide (14),”
sclerin (15),'° 6-hydroxy-2-methyl-4-chromanone (16),'" modiolide B (17),” sclerotinin A (18),'? and 1-
(2,5-dihydroxyphenyl)-2-buten-1-one (19)." In addition, the biological activities, including antioxidant,
antifungal, antibacterial and antimalarial activities, of the isolated metabolites are described in this
paper.

RESULTS AND DISCUSSION

The EtOAc extracts from the culture broth and mycelia of the fungus M. arundinis PSU-G18 was
purified upon chromatographic techniques to yield eight new compounds, one modiolin derivative (1)
and seven phthalides (2-8), along with twelve known compounds including five phthalides (10-14), two
phenols (4-hydroxybenzoic acid and 19), two modiolin derivatives (9 and 17), two 3,4-
dihydroisocoumarins (15 and 18) and one chromanone (16). The new phthalide derivatives can be
divided into four groups based on a substituent at C-3 of the j~lactone ring: a nonsubstituted (2 and 3),
3-ethoxy (4, 5 and 6) and 3-methoxy (7 and 8) lactone rings. This is the first report on the isolation of
phthalide derivatives from the Microsphaeropsis genus.

Microsphaerodiolin (1) obtained as a colorless gum had the molecular formula C;,H;303 by
HREIMS. It exhibited UV absorption bands at 211 and 288 nm while conjugated ester and ketone
carbonyl absorption bands were found at 1723 and 1668 cm™, respectively, in the IR spectrum. The 'H
NMR spectrum contained signals for one ethoxyl group (d;4.09, 2H, q, J = 7.2 Hz and 1.20, 3H, t, J =
7.2 Hz), two trans-olefinic protons (oy 7.28, dd, J = 15.0, 11.4 Hz and 5.91, dt, J = 15.0, 7.2 Hz, each
1H), two cis-olefinic protons (oy 6.44, t and 5.49, d, each 1H, J = 11.4 Hz), three sets of equivalent
methylene protons (dy2.35,t,J=7.2 Hz, 2.12, m and 1.64, qn, J = 7.2 Hz, each 2H) and methyl protons
of an acetyl group (&;2.04, 3H, s). The >C NMR spectrum showed one ketone carbonyl (& 209.5), one
ester carbonyl (oc 166.5), four olefinic methine (oc 144.8, 144.0, 127.7 and 116.1), four methylene
carbons (& 59.9, 42.8, 32.2 and 22.7) and two methyl (& 30.0 and 14.3) carbons. In the 'H-"H COSY
spectrum, H,-7 (g 1.64) were coupled with H,-8 (dy 2.35) and H,-6 (4 2.12) which were further
coupled with one of the trams-olefinic protons (H-5, oy 5.91) (Figure 1). In addition, the remaining
trans-olefinic proton (H-4, &y 7.28) was coupled with one of cis-olefinic protons (H-3, oy 6.44). These
data revealed the presence of a cis,trans-1,3-heptadiene unit. Irradiation of H-5 in the NOEDIFF
experiment affected the intensity of H-3 and H»-6 signals (Figure 1), indicating s-trans configuration of
a C-3—C-4 bond. The cis-olefinic moiety of the diene unit and the ethoxyl group were linked together
with the ester carbonyl carbon, C-1 (& 166.5), according to the *J HMBC cross peaks of H-3 and Hy-12
(01 4.09) with C-1 (Figure 1). The other end of the heptadiene unit was linked with the acetyl group on
the basis of the HMBC cross peaks of H,-7 and H3-10 (g 2.04) with C-9 (oc 209.5). Consequently, 1
was identified as a s-trans-9-oxomodiolin derivative.

Microsphaerophthalide A (2) was isolated as a colorless gum with the molecular formula C;3H;405
by HREIMS, requiring six degrees of unsaturation. It exhibited UV absorption bands at 261 and 294 nm
while the IR spectrum displayed absorption bands for a hydroxyl group and a y-lactone ring at 3365 and
1756 cm™', respectively. The "H NMR spectrum (Table 1) contained signals for one hydroxy proton (&
8.65, 1H, s), two equivalent oxymethylene protons (oy 5.09, 2H, s), one ethoxymethyl group (o 4.63, s,
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2H, 3.67, 2H, q, J = 7.2 Hz and 1.32, 3H, t, J = 7.2 Hz), one methoxyl group (o 4.04, 3H, s) and one
methyl group (& 2.17, 3H, s). The *C NMR spectrum (Table 1) showed one ester carbonyl (& 168.8),
six quaternary aromatic (oc 161.3, 158.2, 144.3, 119.9, 110.5 and 108.4), three methylene (oc 67.7, 67.3
and 67.2), one methoxy (oc 62.2) and two methyl (oc 15.0 and 8.4) carbons. The ethoxymethyl group
was established according to the HMBC correlations of H,-8 (dy 4.63) with C-10 (J¢c 67.2) of an ethoxyl
group (Figure 2). These oxymethylene protons also gave cross peaks with C-3a (oc 144.3), C-4 (&
110.5) and C-5 (oc 161.3) while 6-Me (g 2.17) showed cross peaks with C-5, C-6 (&¢ 119.9) and C-7
(Ooc 158.2). These data together with a HMBC correlation of 7-OMe (oy 4.04) with C-7 (Figure 2) and
the chemical shift of C-5 constructed an aromatic ring bearing the ethoxymethyl, hydroxyl, methyl and
methoxyl groups at C-4, C-5, C-6 and C-7, respectively. Accordingly, the hydroxyl signal resonating at
ou 8.65 belonged to 5-OH. This assignment was confirmed by the HMBC correlations from 5-OH to C-
4, C-5 and C-6. Signal enhancement of 6-Me and 5-OH upon irradiation of 7-OMe and H,-8,
respectively, in the NOEDIFF experiments (Figure 2) supported the assigned locations of all substituents
on the aromatic ring. In addition, a phthalide skeleton with the attachment of the j-lactone carbonyl
group at C-7a (¢ 108.4) was established on the basis of the HMBC cross peaks from H»-3 (4 5.09) to
C-1 (oc 168.8), C-3a, C-4 and C-7a, the IR absorption band at 1756 cm™! and the requirement of six
degrees of unsaturation for 2. Consequently, microsphaerophthalide A had the structure 2.

Microsphaerophthalide B (3) with a molecular formula of C;1H;¢Os assigned by HREIMS, was
obtained as a colorless gum. The UV spectrum was similar to that of 2 with an additional absorption
band at 361 nm. The IR spectrum showed an additional absorption band for an aldehyde functional
group at 1725 cm™. The 'H NMR data (Table 1) were similar to those of 2 except for the replacement of
the 5-OH and the ethoxymethyl signals in 2 with signals for a chelated hydroxy proton (Jy 12.20, s) and
an aldehyde proton (oy 9.85, s) in 3. The chelated hydroxyl group was placed at C-7 (oc 166.9), peri
position to the carbonyl group, while the the aldehyde moiety was located at C-4 (&¢ 110.5) according to
the °J HMBC correlations of the aldehyde proton with C-3a (& 152.3) and C-5 (& 164.0). The
attachment of the methoxyl group at C-5 was established on the basis of the *J HMBC correlation from
5-OMe (g 4.15) to C-5. Consequently, the structure 3 was assigned for microsphaerophthalide B.

Microsphaerophthalide C (4) obtained as a colorless gum had the molecular formula C;3H;4O¢ by
HREIMS. The UV and IR spectra were similar to those of 3. The '"H NMR data of 3 and 4 (Tables 2 and
3) were also similar except that the signal for the oxymethylene protons (H,-3) in 3 was replaced by that
of a dioxymethine proton (H-3, oy 6.52) in 4. In addition, 4 displayed additional proton signals for one
ethoxyl group (o4 4.06, dq, J = 10.0 and 7.5 Hz and 3.92, dq, J = 10.0 and 7.5 Hz, each 1H, and oy
1.36, 3H, t, J = 7.5 Hz). The disappearance of the oxymethylene carbon as well as the presence of a
dioxymethine carbon (& 99.0) and ethoxyl carbons (& 65.9 and 15.1) in the °C NMR spectrum
supported the 'H NMR data. Thus, the dioxymethine proton was attributed to H-3. The *J HMBC
correlations from H-3 and H>-9 (dy 4.06 and 3.92) to C-9 (&¢ 65.9) and C-3 (o 99.0), respectively,
linked the ethoxyl group at C-3 of the phthalide unit. This assignment was supported by signal
enhancement of H-3 after irradiation of either H,-9 or H-11 in the NOEDIFF experiment. Therefore, 4
was elucidated as a 3-ethoxyl derivative of 3.

Microsphaerophthalide D (5) was obtained as a colorless gum and its molecular formula was
determined as C14H;30¢ by HREIMS. The '"H NMR data (Table 2) were similar to those of 4 except for
the replacement of the signal for the aldehyde proton in 4 with signals for a methoxymethyl group (H,-
11, 64 4.81 and 4.66, each 1H, d, J = 12.9 Hz and H3-13, 64 3.50, 3H, s). The 3J HMBC cross peaks of
H»-11 with C-3a (oc 142.6) and C-5 (oc 161.9) confirmed this conclusion. The appearance of a hydroxy
proton at Jy 8.70, typical signal for 5-OH in the phthalide, indicated the locations of hydroxyl and
methoxyl groups at C-5 and C-7 (& 158.0), respectively, identical to those in 1. The *J HMBC cross
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peaks of 5-OH with C-4 (&c 112.4) and C-6 (oc 121.6) and that of 7-OMe (oy 4.04, s) with C-7
supported this assignment. Consequently, microsphaerophthalide D had the structure 5.

Microsphaerophthalide E (6) had a molecular formula of C;5H,004 by HREIMS. The 'H NMR data
(Table 2) indicated that the signals for the methoxymethyl protons in § was replaced by signals of an
ethoxymethyl group (H»-10, oy 4.85 and 4.70, each 1H, d, J=13.2 Hz, H,-13, 64 3.67, q,J= 7.2 Hz and
Hs-14, 64 1.30,t,J=7.2 Hz) in 6. The 3JHMBC cross peaks of Hp-11 with C-3a (o 143.3) and C-5 (&
162.9) linked this ethoxymethyl group at C-4 (&c 113.6) of the phthalide unit. Therefore, 6 was
identified as a new phthalide derivative.

Microsphaerophthalide F (7) had the molecular formula C;3H¢O, assigned by HREIMS. The 'H
NMR data (Table 3) were similar to those of 5 except that signals of the ethoxyl group at C-3 (6c 100.4)
in 5 were replaced by signal for a methoxyl group (H3-9, & 3.55) in 7. The >J HMBC cross peaks of Hs-
9 with C-3 and signal enhancement of these methyl protons after irradiation of H-3 (dy 6.11) in the
NOEDIFF experiment confirmed the location of the methoxyl group at C-3. Therefore, 7 was a 3-
methoxyl derivative of 5.

Microsphaerophthalide G (8) was obtained as a colorless gum. Its molecular formula was determined
as C;sH;30s by HREIMS. The 'H NMR data of 8 (Table 3) differed from those of 7 in the presence of
two methoxyl signals (dy 4.03 and 3.60), instead of three methoxyl signals in 7, and two additional
methyl signals (H3-13, &y 1.59 and H3-14, 63 1.57) in 8. The 3J HMBC cross peaks from H,-10 (o5 4.95
and 4.75, each 1H, d, J = 15.5 Hz), H3-13 and H3-14 to C-12 (¢ 101.0) together with the absence of the
5-OH signal established a fused six membered ring at C-4 (¢ 110.2) and C-5 (Jc 155.7) of the phthalide
skeleton. Consequently,the structure 8 was assigned for microsphaerophthalide G.

The absolute configurations at C-3 of all isolated phthalides were assigned by comparison of their
specific rotations with those of previously reported phthalides. In general, the 3S-and 3R-phthalides
showed negative and positive specific rotations, respectively.'*'> Due to the negative signs of the
specific rotation of all isolated phthalides, all new and known phthalides would have S configurations at
C-3.

The broth and mycelial extracts of M. arundinis PSU-G18 displayed antifungal activity against M.
gypseum with equal MIC values of 128 ug/mL. For antioxidant activity with DPPH assay, the latter
extract showed an ICsy value of 0.73 mg/mL, stronger than that of the broth extract (ICsy value of 2.0
mg/mL). Compounds 10, 12-16, 18 and 19, obtained in sufficient amount, were evaluated for
antioxidant, antibacterial (against Staphylococcus aureus and methicillin-resistant S. aureus), antifungal
(against M. gypseum SH-MU-4, Candida albicans NCPF 3153 and Cryptococcus neoformans ATCC
90113) and antimalarial (against Plasmodiun falciparum) activities. All of them were inactive against
both bacterial strains at the concentration of 200 ug/mL. Compounds 2, 5, 6 and 11 were tested for only
antifungal activity due to the paucity of materials. Compound 19 exhibited significant antifungal activity
with the MIC values of 8 pg/mL, 32 ug/mL and 32 pug/mL against M. gypseum SH-MU-4, C. albicans
and C. neoformans, respectively, as well as moderate antimalarial activity with an ICsy value of 9.63
pg/mL. It also displayed strong radical scavenging potency with the ICsy value of 0.018 mg/mL.
Compounds 2 and 15 were moderately active against M. gypseum SH-MU-4 with equal MIC values of
64.0 pg/mL whereas 6 exhibited moderate antifungal activity against C. neoformans with the MIC value
of 64 pg/mL. In addition, 6 showed mild activity against M. gypseum with the MIC value of 200 pg/mL.
The remaining compounds were inactive for all tests.

EXPERIMENTAL SECTION
General Experiment Procedure. Optical rotations were measured using a JASCO P-1020
polarimeter. Infrared spectra (IR) were recorded on a Perkin Elmer 783 FTS165 FT-IR spectrometer.
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Ultraviolet (UV) spectra were measured in MeOH on a SHIMADZU UV-160A spectrophotometer. 'H-
and >C NMR, along with 2D NMR spectra, were recorded on 300 or 500 MHz Bruker FT-NMR Ultra
Shield spectrometer. Mass spectra were obtained on a MAT 95 XL Mass Spectrometer (Thermo
Finnigan). Column chromatography (CC) was carried out on Sephadex LH-20 or silica gel (Merck) type
100 (70-230 Mesh ASTM).

Fungal Material and Identification. The endophytic fungus M. arundinis PSU-G18 was isolated
from the leaves of G. hombroniana, collected in Songkhla Province, Thailand, in 2006. This fungus was
deposited as PSU-G18 at the Department of Microbiology, Faculty of Science, Prince of Songkla
University, and as BCC 35875 in the BIOTEC Culture Collection, National Center for Genetic
Engineering and Biotechnology, Thailand.

The fungus did not produce any conidia or spores. Consequently, it was identified based on the
analysis of the DNA sequences of the internal transcribed spacer (ITS1-5.8S-ITS2) regions of its
ribosomal RNA gene. Its ITS sequence (GenBank accession no. HMO049172) matched with
Microsphaeropsis arundinis EF094551 sequence from GenBank with sequence identity of 99.1%. This
endophytic fungus was then identified as M. arundinis.

Fermentation, Extraction and Isolation. The broth ethyl acetate (5.50 g) and mycelial (0.50 g)
extracts were prepared using the same procedure as previously described'® and were combined because
of their similar 'H NMR signals. The combined extracts were purified by various chromatographic
techniques to give compounds 1 (1.7 mg), 2 (2.5 mg), 3 (1.5 mg), 4 (1.4 mg), 5 (2.3 mg), 6 (3.9 mg), 7
(1.5 mg), 8 (1.3 mg) and 12 other known compounds. Details of isolation are described in the
Supporting Information.

Microsphaerodiolin (1): colorless gum; UV (MeOH) Anax (log &) 211 (4.11), 288 (3.47) nm; FT-IR
(neat) vimax 1723, 1668 cm™; "H NMR (CDCls, 300 MHz) & 7.28 (1H, dd, J = 15.0 and 11.4 Hz, H-4),
6.44 (1H, t,J=11.4 Hz, H-3), 5.91 (1H, dt, J = 15.0 and 7.2 Hz, H-5), 5.49 (1H, d, J = 11.4 Hz, H-2), 4.09
(2H, q, J = 7.2 Hz, H-12), 2.12 2H, m, H-6), 2.35 (2H, t, J = 7.2 Hz, H-8), 2.04 (3H, s, Me-10), 1.64 (2H,
qn, J = 7.2 Hz, H-7), 1.20 (3H, t, J = 7.2 Hz, Me-13); *C NMR (CDCls, 75 MHz) & 209.5 (C-9), 166.5
(C-1), 144.8 (C-3), 144.0 (C-5), 127.7 (C-4), 116.1 (C-2), 59.9 (C-12), 42.8 (C-8), 32.2 (C-6), 30.0 (C-10), 22.7
(C-7), 14.3 (C-13); HREIMS m/z [M]" 210.1257 (caled for C,H;303, 210.1256).

Microsphaerophthalide A (2): colorless gum; UV (MeOH) Anax (log €) 261 (3.75), 294 (3.16) nm; FT-
IR (neat) Vimax 3365, 1756 cm™; 'H NMR (CDCls, 300 MHz) and >C NMR (CDCl;, 75 MHz) spectra,
see Table 1; HREIMS m/z [M]" 252.0999 (calcd for C;3H 405, 252.0998).

Microsphaerophthalide B (3): colorless gum; UV (MeOH) Amax (log &) 260 (3.98), 291 (3.89), 361
(2.30) nm; FT-IR (neat) v 3371, 1765, 1725 cm™; '"H NMR (CDCls, 300 MHz) and *C NMR
(CDCls, 75 MHz) spectra, see Table 1; HREIMS m/z [M]" 222.0528 (calcd for C;1H;0Os, 222.0528).

Microsphaerophthalide C (4): colorless gum; [a]p™" -17.6 (¢ 0.11, CHCl3); UV (MeOH) Amax (log &)
261 (3.01), 289 (2.75), 368 (2.01) nm; FT-IR (neat) vimax 3413, 1759, 1738 cm™; "H NMR (CDCls, 500
MHz) and °C NMR (CDCls, 125 MHz) spectra, see Table 2; HREIMS m/z [M]" 266.0797 (calcd for
Ci13H140s, 266.0790).

Microsphaerophthalide D (5): colorless gum; [a]p™ -13.4 (¢ 0.11, CHCL;); UV (MeOH) Apax (log &)
263 (3.27), 297 (2.12) nm; FT-IR (neat) vmax 3317, 1760 cm™; "H NMR (CDCls, 300 MHz) and "°C
NMR (CDCl;, 75 MHz) spectra, see Table 2; HREIMS m/z [M]+ 282.1107 (caled for C;4H;50Os,
282.1103).

Microsphaerophthalide E (6): colorless gum; [a]p™ -22.4 (¢ 0.11, CHCl3); UV (MeOH) Amax (log &)
259 (3.36), 297 (2.12) nm; FT-IR (neat) vinax 3281, 1762 cm™; "H NMR (CDCls, 300 MHz) and "*C
NMR (CDCls, 75 MHz) spectra, see Table 2; HREIMS m/z [M]+ 296.1262 (caled for C;5H»¢Os,
296.1260).

Microsphaerophthalide F (7): colorless gum; [a]p?® -17.8 (¢ 0.11, CHCL;); UV (MeOH) Amax (log ¢)
263 (2.85), 305 (2.35) nm; FT-IR (neat) vinax 3300, 1764 cm™; "H NMR (CDCls, 500 MHz) and "*C



NMR (CDCl;, 125 MHz) spectra, see Table 3; HREIMS m/z [M]" 268.0938 (calcd for Ci3H;¢Os,
268.0947).

Microsphaerophthalides G (8): colorless gum; [o]p>® -40.9 (¢ 0.16, CHCls); UV (MeOH) Apay (log )
264 (3.18), 290 (2.25) nm; FT-IR (neat) vimax 3394, 1768 cm™; "H NMR (CDCls, 300 MHz) and "*C
NMR (CDCls, 75 MHz) spectra, see Table 3; HREIMS m/z [M]" 294.1105 (caled for C;sH;sO,
294.1103).

Free Radical Scavenging Activity. Free radical scavenging activity in the DPPH assay was carried
out according to the procedure described by Yen and Hsieh.'” The standard compound used was 2,6-di-
tert-butyl-4-hydroxytoluene (BHT) (ICsp 0.02 mg/mL).

Antimicrobial Assays Using a Colorimetric Broth Microdilution Test. Antimicrobial activity was
evaluated as described by the Clinical and Laboratory Standards Institute'®? and Drummond and
Waigh.*! Vancomycin, amphotericin B and miconazole were used as positive controls for S. aureus and
MRSA, C. albicans and C. neoformans, and M. gypseum, respectively. Vancomycin, amphotericin B
and miconazole exhibited the MIC values of 1, 0.25 and 1 xg/ml, respectively.

Antimalarial Assay. The activity was determined against the parasite P. falciparum (K1, multidrug-
resistant strain), using the microculture radioisotope technique based on the method described.”” The
standard compound was dihydroartimisinin (ICsp 0.0012 gg/mL).
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Table 1. 'H and >C NMR Data for Microsphaerophthalides A (2) and B (3)

2 3

Position & oqm (J in Hz) oc oum (J in Hz)
1 168.8, C 166.9, C
3 67.3, CH, 5.09,s 66.7, CH, 5.45,s
3a 144 .3, C 152.3,C
4 110.5,C 109.0, C
5 161.3,C 164.0, C
5-OH 8.65, s
5-OMe 62.9,CH; 4.15,s
6 1199, C 120.0, C
6-Me 8.4, CH; 2.17,s 8.0, CH; 2.10, s
7 158.2,C 166.9, C
7-OH 12.20, s

7-OMe 62.2, CH; 4.04, s

7a 108.4, C 110.3, C
8 67.7,CH,  4.63,s 189.9,CH 9.85,s
10 67.2,CH,  3.67,q(7.2)

11 15.0,CH;  1.32,t(7.2)




Table 2. 'H and ">C NMR Data for Microsphaerophthalides C (4), D (5) and E (6)
5 6
Position o opm (Jin Hz) I opm (J in Hz) e opm (J in Hz)
1 165.0, C 167.0, C 167.3,C
3 99.0,CH 6.52,s 99.6, CH 6.17,s 100.5,CH 6.16 (s)
3a 157.3,C 142.6,C 143.3,C
4 111.4,C 1124, C 113.6,C
5 162.9,C 161.9,C 162.9,C
5-OH 8.70, s 8.96 (s)
5-OMe 63.0,CH; 4.23,s
6 121.8,C 121.6,C 122.5,C
6-Me 8.1, CH; 2.19,s 8.5, CH; 2.16,s
7 167.0, C 158.0,C 158.8,C
7-OH 12.25,s
7-OMe 62.2, CH; 4.04, s 63.0,CH; 4.03,s
Ta 111.4,C 109.2,C 110.0,C
9 65.9,CH, 4.06,dq (10.0,7.5) 64.9, CH, 391,dq (9.3,7.2) 65.8,CH, 3.90,dq(9.3,7.2)
3.92,dq (10.0, 7.5) 3.79,dq (9.3, 7.2) 3.78,dq (9.3,7.2)
10 15.1,CH;  1.36,t(7.5) 15.1,CH;  1.30,t(7.2) 16.0,CH;  1.30,t(7.2)
11 191.8,CH 10.12,s 69.2, CH, 4.81,d(12.9) 68.2,CH, 4.85,d(13.2)
4.66,d ( 12.9) 4.70,d (13.2)
13 58.72,CH; 3.50,s 67.8,CH, 3.67,q(7.2)
14 15.8,CH;  1.30,t(7.2)

11



Table 3. 'H and ">C NMR Data for Microsphaerophthalides F (7) and G (8)

Position

1

3

3a

10

11

12

13

14

7 8
o oy m (J in Hz) oc oum (J in Hz)
165.0, C 166.5, C
1004,CH 6.11,s 100.4,CH  6.08,s
142.0, C 140.0, C
112.0,C 110.2,C
162.0, C 155.7,C
8.74, s
122.0,C 122.1,C
8.5, CH; 2.16, s 8.3, CH; 2.11,s
158.0,C 156.4,C
62.2,CH; 4.04,s 62.2,CH;  4.03,s
109.0, C 109.9,C
55.8,CH;  3.55,s 559,CH;  3.60,s
69.4,CH, 4.79,d(13.0) 57.9,CH, 4.95,d(15.5)
4.65,d (13.0) 4.75,d (15.5)
58.8,CH;  3.51,s 101.0,C

25.5, CH; 1.59,s

243,CH; 1.57,s

12



Figure 1. selected "H-"H COSY ¢"\), HMBC (/") and NOEDIFF (") data of 1.
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Figure 2. Selected HMBC (/") and NOEDIFF (")) data of 2 and 8.
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Abstract

One new tyrosol derivative, xylarosol (1), and one new sesquiterpene,
xylariterpenes (2), were isolated from the broth extract of the endophytic fungus
Xylaria sp. PSU-STD70 along with six known compounds, cytochalasin D (3), 5-
methoxycarbonylmellein (4), (R)-(-)-mellein methyl ether (5), tyrosol (6), 1,6-dihydroxy-3-
methoxy-8-methylxanthone (7) and 5-carboxymellein (8). The structures were assigned by
spectroscopic methods. All compounds were tested for antimicrobial activity against
Staphylococcus aureus, methicillin-resistant S. aureus and Microsporum gypseum.

Keywords: Xylaria sp.; tyrosol; mellein; antmicrobial activity

1. Introduction

Fungi belonging to the genus Xylaria are a source of bioactive metabolites.
These include the cytotoxic hydroxycamptothecins', the antibacterial cytochalasins” and
the cytotoxic tetralones’. The ethyl acetate extracts from the culture broth and mycelia
of Xylaria sp. PSU-STD70 isolated from midribe of a mangrove Avicennia alba Bl.
exhibited very mild antimicrobial activities against Staphylococcus aureus (SA),
methicillin-resistant SA and Microsporum gypseum. We describe herein the isolation
and structural elucidation of one new tyrosol derivative, xylarosol (1) and one new
sesquiterpenes, xylariterpene (2), along with six known compounds, cytochalasin D
(3),” 5-methoxycarbonylmellein (4),” (R)-(-)-mellein methyl ether (5),° tyrosol 6),” 1,6-
dihydroxy-3-methoxy-8-methylxanthone (7)° and 5-carboxymellein (8)’. All isolated
compounds were tested for antimicrobial activity against SA, MRSA and Microsporum

gypseum.

2. Results and Discussion

The crude extracts from the culture broth and mycelia of the fungus PSU-STD70
were purified using various chromatographic techniques. Compounds 1-7 were obtained
from the broth extract while the mycelial extract provided compounds 4-5 and 8. Their
structures were assigned by spectroscopic methods. For known compounds, their NMR
data as well as specific rotations were compared with those previously reported.

Xylarosol (1) was obtained as a yellow gum with [a]p>® -0.72 (¢ 0.90, MeOH).
The UV spectrum showed absorption bands at 224, 277 and 284 nm, indicating the
presence of a benzene chromophore. Its IR spectrum showed an absorption band at 3370
cm! for a hydroxyl group. The HREI-MS showed the molecular formula C;3H;303. The
'"H NMR spectrum (Table 1) showed signals for four aromatic protons of a para-
disubstituted benzene [oy 7.15 (d, J = 8.7 Hz, 2H) and 6.88 (d, J = 8.7 Hz, 2H)], one
oxymethine proton (oy 4.47, dd, J = 8.1 and 3.3 Hz, 1H), two oxymethylene groups [y
4.04 (dd, J = 9.6 and 3.3 Hz, 1H), 3.91 (dd, J = 9.6 and 3.3 Hz, 1H) and 3.83 (¢, /= 6.6
Hz, 2H)], two gem olefinic protons (dy 5.15, brs and 5.01, brd, J = 0.6 Hz, each 1H),
one methylene group (Jy 2.82, ¢, J = 6.6 Hz, 2H), and one methyl group (Jy 1.82, s).
The >C NMR spectrum showed 11 signals for 13 carbons supporting the presence of
para-disubstituted benzene in the 'H NMR data. In the 'H-"H COSY spectrum, the
methylene protons, Hp-1" (&g 2.82), were coupled with the oxymethylene protons, Hy-2"
(& 3.83), indicating the presence of a hydroxyethyl unit. This unit was attached at C-4'
(Jc 131.1) on the basis of HMBC correlations from H,-1" to C-3' (&c 130.1), C-4' and C-
5' (& 130.1). In addition, the "H-"H COSY spectrum revealed that the oxymethylene
protons, Happ-1 (0 4.04 and 3.91), were coupled with the oxymethine proton, H-2 (Jy



4.47). The methyl protons, Hs-5 (dy 1.82), and gem-olefinic protons, Hyp-4 (dy 5.15 and
5.01), showed cross peaks in the HMBC spectrum with C-2 (¢ 73.6) and C-3 (o
143.4), thus constructing a 1,2-dioxy-3-methyl-3-butenyl side chain. The attachment of
this side chain at C-1' (&c 157.3) of the 1,4-disubstituted benzene through an ether
linkage was established according to the>J HMBC correlation from H.p-1 to C-1'. The
substituent at C-2 (& 73.6) must be a hydroxyl group according to its °C chemical
shift. Therefore, xylarosol (1) was determined as a new naturally occurring tyrosol
derivative.

Xylariterpene (2) was obtained as a colorless gum with [a]p™® 0.76 (¢ 2.5,
MeOH). The UV spectrum showed absorption bands at A« 201 and 223 nm. The IR
spectrum exhibited an absorption band at 3402 cm™ for a hydroxyl group. The 'H NMR
spectrum (Table 2) displayed typical signals for one set of nonequivalent oxymethylene
protons [0y 3.50 (d, J = 11.0 Hz, 1H) and 3.35 (d, J = 11.0 Hz, 1H)], five sets of
nonequivalent methylene protons [y 2.33 (dd, J = 14.0, 6.5 Hz, 1H)/1.28 (m, 1H), 2.08
(dd, J=13.5, 5.0 Hz, 1H)/1.60 (m, 1H), 1.88 (m, 1H)/1.65 (m, 1H), 1.85 (m, 1H)/1.29
(m, 1H) and 1.45 (m, 1H)/1.37 (m, 1H)], three methine protons [dy 2.53 (m, 1H), 1.82
(m, 1H) and 1.77 (m, 1H)] and three methyl groups [dg 1.26 (s, 3H), 1.04 (s, 3H) and
087 (d, J = 7.0 Hz, 3H)]. The “C NMR spectrum (Table 2) showed three
oxyquaternary (oc 90.4, 75.8 and 75.3), three methine (Joc 47.9, 35.5 and 32.9), one
oxymethylene (oc 69.3), five methylene (oc 32.5, 29.6, 26.8, 24.1 and 18.9) and three
methyl (& 26.6, 24.3 and 15.0). In the "H-"H COSY correlations, Hu,-3 (& 1.85 and
1.29) were coupled with the methylene protons (Hap-2, oy 2.33 and 1.28) and methine
proton (H-4, oy 2.53) which was further coupled with methine proton (H-5, oy 1.77)
and H3-15 (dg 0.87). These results established a butyl unit with a methyl group at C-4
(o 35.5). The HMBC correlations from Hy-3 to C-1 (& 90.4) and H-5 to C-1 and C-2
(oc 32.5) and Hy-6 (o4 1.37) to C-1 and C-5 (¢ 47.9) (Table 2) constructed a
cyclopentyl unit with the methyl and methylene groups at C-4 and C-5, respectively.
The methylene protons, Hyp-9 (0 2.08 and 1.60), and methyl protons, H3-14 (o4 1.04),
were attached at C-10 (¢ 75.8) according to their HMBC correlations. The connectivity
of this group at C-1 was established on the basis of the *J HMBC correlation of H;-14
with C-1. In addition, the chemical shifts of C-1 and C-10 attached the hydroxyl groups
at these carbons. The 'H-'"H COSY correlations of Hap-6 (Ona 1.45)/H-7 (ou 1.82), H-
7/Hap-8 (0n 1.88, 1.65) and H,p-8/Hap-9 as well as the HMBC correlations from both Hy,-
6 to C-8 (dc 18.9) and H,-9 to C-7 and C-10 established a fused cycloheptyl ring having
the methyl and hydroxyl groups at C-10. A 2-substituted 1,2-dihydroxypropyl unit was
formed on the basis of the HMBC correlations from H3-13 (dy 1.26) to C-11 (oc 75.3)
and C-12 (oc 69.3). This unit was attached at C-7 of the cycloheptyl ring according to
HMBC cross peaks of Hap-12 (0 3.50 and 3.35) and H3-13 with C-7. The relative
configuration was assigned on the basis of NOEDIFF data (Fig. 1). Irradiation of H,-2
affected signal intensity of Hy,-3 and H3-14 while signal intensity of Hy,-3 and H-5 was
enhanced upon irradiation of H-4. In addition, irradiation of H3-15 and H,,-12 enhanced
signal intensity of H,-6. These results indicated f.cis relationship of H,-2, Hy-3, H-4, H-

5 and H3-14 and a-cis relationship of H,-6, Hap-12 and Hj-15, thus constructing a cis-

fused bicyclic skeleton. Therefore, compound 2 was determined as a new naturally
occurring guaiane-type sesquiterpene.



3. Conclusion

Cytochalasin D (3), (R)-(-)-mellein methyl ether (5) and 5-carboxymellein (8) were
isolated from Xylaria sp. BCC 9653° while tyrosol (6) was produced by X. longipes.'' In
addition, 5-methoxycarbonylmellein (4) was obtained from the family xylariaceaelo. Only
1,6-Dihydroxy-3-methoxy-8-methylxanthone (7) was isolated from the genus Xylaria for
the first time. Compounds 1, 3 and 5-8 were weakly active against both bacterial strains
(SA and MRSA) with a minimum inhibitory concentration (MIC) value of 200 pg/mL,
while compound 4 was inactive. However, compound 45 exhibited better activity
against Microsporum gypseum with the MIC value of 128 ug/mL. Compound 2 was
inactive against all tested human pathogens.

4. Experimental
4.1 General Experimental Procedures

Infrared spectra (IR) were recorded as neat on a Perkin Elmer 783 FTS165
FT-IR spectrometer. Ultraviolet (UV) absorption spectra were measured in methanol
solution on a SHIMADZU UV-160A spectrophotometer. 'H and '*C NMR spectra were
recorded on a 500 MHz Bruker FTNMR Ultra Shield™ spectrometer, with
tetramethylsilane (TMS) as internal standard. Mass spectra were obtained on a MAT 95
XL mass spectrometer (Thermo Finnigan). Optical rotations were measured in methanol
solution on a JASCO P-1020 polarimeter. Thin-layer chromatography (TLC) and
precoated TLC were performed on silica gel 60 GFysa (Merck). Column
chromatography (CC) was carried out on silica gel (Merck) type 100 (70-230 Mesh
ASTM) or on Sephadex LH20 with MeOH, or as otherwise stated.

4.2 Fungal Material

The endophytic fungus Xylaria sp. PSU-STD70 was isolated from midrib of A.
alba Bl., collected in Suratthani Province, Thailand, in 2006. This fungus was deposited
as PSU-STD70 at the Department of Microbiology, Faculty of Science, Prince of
Songkla University.

4.3 Fermentation and Isolation

The endophytic fungus Xylaria sp. PSU-STD70 was grown on potato dextrose
agar (PDA) and incubated at 25 °C for 5 days. Six agar plugs (1 x lem?) from the edge
of the mycelium from an actively growing culture were inoculated into 500 ml
Erlenmeyer flasks containing 300 ml potato dextrose broth (PDB) and incubated for 3
weeks at room temperature for production of antimicrobials.'? The culture broth (15.6
L) was filtered through Whatman #1 to separate the filtrate and mycelia. The filtrate
(300x5 mL) was extracted three times with an equal volume of EtOAc (300 mL). The
combined EtOAc layer was dried over anhydrous Na;SO,, and evaporated to dryness
under reduced pressure to obtain a brown gum (3.02 g). The crude extract was
fractionated by CC over Sephadex LH20 to afford seven fractions (A-G). Fraction B
(259.8 mg) was subjected to CC over Sephadex LH20 to give three fractions (B1-B3).
Fraction B2 (195.1 mg) was separated by CC over Sephadex LH20 to give three
subfractions (B21-B23). Subfraction B22 (139.4 mg) was further separated by CC over
silica gel with a gradient system of MeOH-CH,Cl, to give 3 (60.6 mg). Fraction C
(475.7 mg) upon CC over silica gel yielded five fractions (C1-C5). Fraction C2 (6.0 mg)
was subjected to precoated TLC using 40% EtOAc-light petroleum as a mobile phase (2
runs) to give 4 (3.0 mg). Fraction C3 (118.1 mg) was subjected to CC over Sephadex



LH20 to give four subfractions (C31-C34). Subfraction C32 (93.2 mg) upon CC over
silica gel with gradient systems of EtOAc-light petroleum and MeOH-EtOAc afforded 1
(6.2 mg), 2 (3.1 mg) and 5 (8.5 mg). Fraction D (267.6 mg) upon CC over silica gel
with a gradient system of MeOH-CH,Cl, yielded three fractions (D1-D3). Fraction D5
(38.1 mg) was separated by CC over silica gel with a gradient system of MeOH-CH,Cl,
to yield 6 (6.6 mg). Fraction F (35.4 mg) was further subjected to CC over silica gel
with gradient systems of EtOAc-light petroleum and MeOH-EtOAc to afford 7 (1.6
mg). The wet mycelia were extracted twice with 500 ml of MeOH for 2 days. The
aqueous MeOH layer was concentrated under reduced pressure. To the extract was
added H,O (50 ml), and the mixture was washed with hexane (700 ml). The aqueous
layer was extracted three times with an equal volume of EtOAc (300 ml). The combined
EtOAc extracts were dried over anhydrous NaSO, and then evaporated to dryness under
reduced pressure to give a dark brown gum (485.0 mg). The mycelial extract was
fractionated by CC over Sephadex LH20 to afford three fractions. The second fraction
(70.8 mg) was separated by CC over Sephadex LH20 to afford five subfractions. The
third subfraction (22.7 mg) was purified using precoated TLC with 40% EtOAc-light
petroleum as a mobile phase (2 runs) to give 4 (4.6 mg) and 5 (4.0 mg). The fourth
subfraction (18.0 mg) was further separated using the same proceduce as the third
subfraction with 50% EtOAc-light petroleum as a mobile phase (2 runs) to give 4 (3.5
mg) and 8 (14.0 mg).

Xylarosol (1)

Yellow gum; [a]p™ -0.72 (¢ 0.90, MeOH); UV (MeOH) nm (log ¢): 224 (4.36),
277 (3.62) and 284 (3.55); FT-IR (neat, cm™) 3370; 'H and >C NMR data see Table 1;
EIMS m/z (% relative intensity): 222 (13), 138 (23), 107 (100), 77 (8); HR-EIMS m/z
222.1253 [M]" (calcd for C13H 305 222.1256).

Xylariterpene A (2)
Colerless gum; [a]p>® +0.76 (¢ 2.5, MeOH); UV (MeOH) nm (log &): 201 (0.49)
and 223 (0.04); FT-IR (neat, cm™) 3402; "H and >*C NMR data see Table 2.

Antimicrobial Activity Testing.

Antibacterial activity was evaluated against SA and MRSA, using the agar
microdilution method.”> MICs were recorded by reading the lowest substance
concentration that inhibited visible growth. Vancomycin, a positive control drug,
exhibited the MIC value of 1 pyg/mL. Growth controls were performed on the agar
containing DMSO. Antifungal activity was evaluated against M. gypseum SH-MU-4
using the hyphal extension-inhibition assay.'"* A modification of the NCCLS M38-A
broth microdilution test'> was performed against. Equal volumes of a suspension of
conidia (approximately 4x103 conidia/mL) were added to each test dilution to make
final concentrations of 1-128 ug/mL in triplicate. Plates were incubated at 25 °C for 72
h. Miconazole, a standard antifungal agent, gave an MIC value of 9.6 ¢M. The MICs
were recorded for the lowest concentration that resulted in a reduction of approximately
50% of the fungal growth.
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Figure 1. Selected 'H-'H COSY ¢ ™) and NOEDIFF () data for xylariterpene (2)



Table 1 'H, °C NMR and HMBC data of xylarosol (1)in CDCl;
Position & (mult., Jir)) o HMBC COSY
T (C-Type)
1 a:4.04(dd,9.6,3.3) 71.3 (CHy) C-1",C-2,C3 Hy-1, H2
b: 3.91 (dd, 9.6, 3.3) H,-1, H-2
2 447(dd,8.1,33) 73.6(CH) C-1,C-3,C-5 Hop-1
3 143.4(C) -
4 a:5.15 (brs) 112.7 (CH,) a: C-2, C-3, C-5 .
b: 5.01 (brd, 0.6) b: C-2, C-5 H,-4
5 1.82(s) 18.9 (CH;) C-2,C-3,C-4 -
- 1573 (C) - -
2'.6" 6.88(d,8.7) 1149 (CH) C-1',C-2',C-3',C-4',C-5,C-6' H-2',H-3', H-5', H-6’
35" 7.15(d,8.7) 130.1 (CH) C-1',C-2',C-3',C-5',C-6',C-1" H-2',H-3', H-5', H-6’
4 131.1(C) - -
1" 2.82 (1, 6.6) 38.3(CH,;) C-3',C4',C-5,C-=2" H-2"
2" 3.83(1,6.6) 63.8 (CH,) C-4',C-1" H-1”




Table 2 'H, °C NMR and HMBC data of xylariterpene (2)in CDCl;

Position oy (mult., Jy,) ¢ (C-Type) HMBC NOEDIFF

1 - 90.4 (C) - -

2 a:2.33 (dd, 14.0, 6.5) 32.5 (CH,) C-1,C-3,C-10 Hy-3, H;-14
b: 1.28 (m)

3 a: 1.85 (m) 29.6 (CHy) C-2 -
b: 1.29 (m) C-1,C-2,C-15

4 2.53 (m) 35.5 (CH) C-3, C-6, C-15 Hy-3, H-5, H;-15

5 1.77 (m) 47.9 (CH) C-1,C-2,C-3,C-6 -

6 a: 1.45 (m) 24.1 (CHy) C-1, C-11 -
b: 1.37 (m) C-1,C-5,C-8

7 1.82 (m) 32.9 (CH) C-5,C-8 -

8 a: 1.88 (m) 18.9 (CHy) C-6, C-9, C-10, C-11 -
b: 1.65 (m) C-1, C-6,C-7,C-9, C-11

9 a: 2.08 (dd, 13.0, 5.0) 26.8 (CH,) C-1,C-7,C-8, C-10 Hy-9, H;-14
b: 1.60 (m)

10 - 75.8 (C) - -

11 - 75.3 (C) - -

12 a:3.50(d, 11.0) 69.3 (CHy) C-7,C-11, C-13 H,-6, H5-13
b:3.35(d, 11.0) H,-6, H3-13

13 1.26 (s) 24.3 (CH3) C-7,C-11, C-12 -

14 1.04 (s) 26.6 (CH3) C-1,C-9,C-10 -

15 0.87 (d, 7.0) 15.0 (CH3) C-3,C-4,C-5 H,-6
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One new dihydrochalcone derivative (1) was isolated from the flowers of Wedelia
trilobata together with seven known compounds; 3.4,2',4'-tetrahydroxychalcone (2), luteolin
7-methylether (3), tetrachyrin (4), 3ea-tigloyloxykaur-16-en-19-oic acid (5), 3o
cimnamoyloxykaur-16-en-19-oic acid (6), gallic acid methyl ester (7) and 3,4-di-O-caffeoyl
quinic acid (8). Their structures were assigned on the basis of spectroscopic data.
Compounds 1-3 showed significant antioxidant activity.

Key words : Wedelia trilobata, Compositae, dihydrochalcone, kaurane diterpene, antioxidant



Introduction

Wedelia trilobata (Compositae), locally named “Kra dum thong lueai”,' is a creeping
evergreen perennial herb and a yellow daisy-like flowers. It is widely found in South
America. This plant was used as an ornamental groundcover in many areas of tropics and
subtropics and used in traditional medicine for the treatment of fever and combination with
other herbs to clear placenta after birth.> Previous chemical investigation of its leaves and
aerial part afforded kaurane di‘[erpenes,3 4 steroids,” flavonoids,’ and sesquiterpenoids.5 In
our search for biologically active substances from the flowers of this plant, we found that the
crude methanol extract from the flowers of W.trilobata showed significant antioxidant
activity. In this paper, we describe the isolation of one new dihydrochalcone together with
seven known compounds and their antioxidant activity.

Result and discussion

The crude methanol extract from the flowers of W. trilobata was subjected to
chromatographic techniques to yield one new dihydrochalcone (1), and seven known
compounds; 3,4,2',4'-tetrahydroxychalcone (2), luteolin 7-methylether (3),” tetrachyrin (4),"
3a-tigloyloxykaur-16-en-19-oic acid (5),* 3a-cimnamoyloxykaur-16-en-19-oic acid (6),"
gallic acid methyl ester (7)° and 3,4-di-O-caffeoyl quinic acid (8)." Their structures were
elucidated by analysis of 1D and 2D NMR spectroscopic data. For the known compounds,
the structural identification was supported by comparison of the NMR data, especially 'H and
C NMR data, with those previously reported.

Compound (1) was isolated as a yellow gum. Its molecular formula C,5H;,05 was
deduced by HREIMS [m/z 272.0679 [M-H,O]  (caled. 272.0679)]. The IR spectrum
exhibited the presence of a hydroxyl group (3422 cm™), a carbonyl group (1716 cm™) and an
aromatic group (1644 cm™). The UV spectrum with absorption bands at 232, 277, and 312
nm suggested a dihydrochalcone derivative.'' The '"H NMR spectrum (Table 1) displayed
signals of nonequivalent methylene protons at 6 3.01 (1H, dd, J = 16.8 and 12.6 Hz), and
02.67 (1H, dd, J = 16.8 and 3.0 Hz), one oxymethine proton at ¢ 5.39 (1H, dd, J = 12.6 and
3.0 Hz), three aromatic protons of a 1,3,5-trisubstituted benzene ring at 66.87, §6.88 and
07.04 (1H each, d, J = 1.5 Hz) and three aromatic protons of a 1,2,4-trisubstituted benzene
ring at 66.42 (1H , d, J=2.4 Hz), 66.57 (1H, dd, /= 8.7 and 2.4 Hz), and 67.72 (1H, d, J =
8.7 Hz). The °C NMR data (Table 1) showed the presence of one carbonyl carbon (& 189.7).
The NMR signals were all assigned using COSY, HMQC and HMBC spectra. The
nonequivalent methylene protons (J 3.01 and 62.67) were coupled with the oxymethine
proton (0 5.39) and these methylene protons showed a HMBC correlation with the carbonyl
carbon. These results constructed a -CH(OH)CH,CO- unit. In addition, the aromatic protons
at 06.88 (H-2) and 67.04 (H-6) of the 1,3,5-trisubstituted benzene ring showed cross peaks
with the methylene carbon (6 79.7, C-B) indicated that this subunit was connected to C-1 (&
131.1) of the 1,3,5-trisubstituted benzene ring. The 1,2,4-trisubstituted benzene ring was
linked with the carbonyl carbon by the HMBC corelation of the aromatic proton (67.72, H-
6') with the carbonyl carbon (o 189.7). Therefore, 1 was characterized as 3,3,5,2",4'-
pentahydroxydihydrochalcone, a new dihydrochalcone derivative.

Compounds (1-6) were evaluated for their antioxidant activity against DPPH
(diphenylpicrylhydrazyl) radical. Compounds 1-3 displayed higher radical scavenging
potency than the standard butylated hydroxyanisole with the ICsy values of 141, 62 and 37
uM, respectively, while compounds 4-6 were inactive due to the lack of phenolic moiety. '



Experimental
General

The Infrared (IR) spectrum was recorded neat using a Perkin-Elmer 783 FTS165 FT-
IR spectrometer. The Ultraviolet (UV) absorption spectrum was measured on a SHIMADZU
UV-160A spectrophotometer. 'H and *C NMR spectra were recorded on a 300 MHz Bruker
FTNMR Ultra Shield™ spectrometer in deuterochloroform solution with tetramethylsilane
(TMS) as an internal standard. The electron ionization (EI) and high resolution electron
ionization (HREI) mass spectra were obtained on a MAT 95 XL Mass Spectrometer (Thermo
Finnigan). Optical rotation was measured on a JASCO P-1020 polarimeter. Thin-layer
chromatography (TLC) was performed on silica gel 60 GFys4 (Merck). Column
Chromatography (CC) was carried out on Sephadex LH-20, silica gel (Merck) type 60 (230-
400 mesh ASTM) or type 100 (70-230 mesh ASTM) or reverse phase C-18 silica gel. Light
petroleum had bp 40-60 °C.
Plant Material

The flowers of W. trilobata were collected at Prince of Songkla University, Songkhla
Province, Thailand. The voucher specimen was deposited in the Herbarium of the
Department of Biology, Faculty of Science, Prince of Songkla University, Hat Yali,
Songkhla, Thailand.

Extraction and Isolation

The flowers of W. trilobata (370 g), cut into small segments, were extracted with
MeOH for three times over the period of 7 days at room temperature. After filtration, the
filtrate was evaporated to dryness under reduced pressure to give a crude methanol extract as
a yellowish brown gum (44.1 g). It was separated into two parts by dissolving with EtOAc.
The EtOAc-soluble part was evaporated to dryness under reduced pressure to give a
yellowish brown gum (13.2 g) which was further fractionated by CC over silica gel using a
gradient system of MeOH-CH,Cl, to yield nine fractions. Fraction 3 (3.9 g) was subjected to
CC over silica gel with solvent mixture of increasing polarity (2% EtOAc-hexane to 100%
acetone) to provide eight subfractions (3A-3H). Subfraction 3B (0.4 g) was purified by CC
over silica gel using 15% EtOAc-hexane to afford 3 (10.6 mg). Subfraction 3E (0.1 g) was
separated by CC over Sephadex LH-20 using 50%MeOH/CH,Cl, to afford 1 (17.0 mg).
Subfraction 3G (0.1 g) was further purified by CC over reverse phase silica gel with a
gradient of MeOH-H,0 (7:3) to give 2 (12.2 mg). Fraction 7 (0.44 g) was further purified
with CC over Sephadex LH-20 using 50%MeOH/CH,Cl, to provide seven subfractions (7A-
7G). Subfraction 7D (9.9 mg) was further purified by CC over reverse phase silica gel with a
gradient of MeOH-H,O (7:3) to give 6 (2.0 mg). Fraction 8 (0.5 g) was subjected to CC over
silica gel with solvent mixture of increasing polarity (5% MeOH/CH,Cl, to 100% MeOH) to
provide seven subfractions (8A-8G). Subfraction 8C (181.9 mg) was further purified by CC
over Sephadex LH-20 using 100%MeOH to give 4 (5.7 mg) and 5 (9.1 mg). The EtOAc-
insoluble part was evaporated to dryness under reduced pressure to give a brown gum (18.0
g) which was further fractionated by CC over Sephadex LH-20 using 100%MeOH to yield
three fractions. The third fraction (3.8 g) was purified with two successive CC over reverse
silica gel with a gradient of MeOH-H,O (1:4) to afford 7 (20.8 mg) and 8 (14.2 mg).
Compound (1)

Yellow gum. [a]p*® -33.5° (¢ 0.05, CHCl;). UV (MeOH) nm (log €): 232 (4.10), 277
(4.03), 312 (3.71). FTIR (neat, cm™): 3430, 1732. 'H NMR (300 MHz, CDCl;) and "*C



NMR (75 MHz, CDCl;) data: see Table 1. EI-MS m/z: 272 [M-H,0]" (100), 255 (11), 163
(15), 137 (45), 136 (27). HR-EI-MS m/z: 272.0679 [M-H,0]" (calcd. for C;sH,Os:
272.0679).
Determination of Antioxidant Activity
DPPH radical scavenging assay

The DPPH radical scavenging assay was carried out in triplicate, based on the method
used by Hutadilok-Towatana et al.”> BHA (butylated hydroxyanisole), a positive control,
gave an ICsy value of 167 uM. DPPH radical scavenging ability was calculated based on a
concentration of sample required to reduce DPPH radicals by 50% (ICsy).
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Table 1 lH, 3C NMR and selected HMBC data for 1 in CDCl;

Position | &y (mult, J in Hz) dc HMBC
C=0 189.7
o 3.01,dd, 12.6, 16.8 43.8 C-1
2.67,dd, 16.8, 3.0 C-1,C-1"
B 5.39,dd, 12.6, 3.0 79.7 C=0, C-2,C-6
1 131.1
2 6.88,d, 1.5 118.3 C-B, C-6
3 145.1
4 6.87,d, 1.5 115.1 C-2,C-6
5 145.4
6 7.04,d,1.5 113.8 C-B, C-2
g 114.0
2! 163.6
3 6.42,d,2.4 102.8 C-1,C-5
4’ 164.4
5! 6.57,dd, 8.7,2.4 110.3 C-1,C-3
6 7.72,d, 8.7 128.6 C=0, C-2", C-4
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ABSTRACT

Three coumarins, hystrixarins A-B (1-2) and (+)-hopeyhopin (3); two acridone
alkaloids, hystracridones A-B (4-5), one benzene derivative, hystroxene-I (6), and one
quinolinone alkaloid, hystrolinone (7), along with 32 known compounds were isolated from
the crude acetone extract of the roots of Citrus hystrix. Their structures were determined by
1D and 2D NMR spectroscopic data. The antioxidant, anti-HIV and antibacterial activities of
the isolated compounds were evaluated.

Keywords: Citrus hystrix, Rutaceae, Coumarins, Acridone alkaloids, Antibacterial activity



1. Introduction

Citrus hystrix or kaffir lime, locally known as “magrood”, is a plant belonging to the
Rutaceae family. It is commonly cultivated in Southeast Asia. It is a small tree, about 3-5 m
tall with very distinctive leaves. The leaves and fruits of C. hystrix have a pleasant lemon
smell and are referred to as medicinal lime (Yaacob et al., 1995). The leaves are widely used
as flavor for cooking in Thailand. The fruit is not eaten fresh, but can be made into preserves
or used as a spice for cooking, a hair shampoo or a medicine (Allen et al., 1967). C. hystrix is
rich of essential oils in the several parts, leaves, twigs, fruit peels and fruit juices (Akiyoshi et
al., 1990). Because of this reason, it was used as an insect repellent and treated for the insect
bites (Koh et al., 1999). Previous investigation of the leaves of C. hystrix revealed that the
crude extracts from the leaves showed antitumor promoter (Murakami et al., 1995 and
Tiwawech et al., 2000), cytotoxic (Ong et al., 2009), antibacterial (Wannissorn et al., 2005),
and antioxidant (Hutadilok - Towatana et al., 2006 and Wong et al., 2006) activities. The
extract from the fruit peels showed antifertility activity (Piyachaturawat et al., 1985). Three
coumarins, isolated from the fruits of C. hystrix DC., were inhibitors of both
lipopolysaccharide (LPS) and interferon-y (IFN-y) induced nitric oxide (NO) generation in
RAW 264.7 cells (Murakami et al., 1999). Recently, four new coumarins, citrusosides B-D,
were isolated from the fruit peels of Citrus hystrix and showed cholinesterase inhibitory
activity (Youkwan et al., 2010). However, phytochemical examination and biological activity
of the roots from C. hystrix have not yet been reported. From our investigation, the crude
acetone extract from the roots of C. hystrix exhibited antioxidant activity with the ICsy values

of 0.21 and 3.7 mg/ml in DPPH  and hydroxyl assays, respectively, anti-HIV activity with
the ICso value of 19.8 ng/ml and antibacterial activity against Acinetobacter baumannii and
Escherichia coli with the MIC values < 3.125 and 3.125 pg/ml, respectively. These prompts
us to investigate its chemical constituents in order to isolate bioactive constituents from this
plant. In this paper, we describe the isolation and structural elucidation of seven new
compounds (Fig. 1): hystrixarins A-B (1-2), (+)-hopeyhopin (3), hystracridones A-B (4-5),
hystroxene-I (6) and hystrolinone (7), as well as 32 other known compounds (Fig. 2).
Antioxidant, anti-HIV and antibacterial activities of the isolated compounds were also
evaluated.

2. Results and discussion

The crude acetone extract (24.19 g) from the roots of Citrus hystrix was further
investigated by chemical method and chromatographic techniques to yield seven new
compounds: three new coumarins; hystrixarins A-B (1-2) and (+)-hopeyhopin (3), two new
acridone alkaloids; hystracridones A-B (4-5), one new benzene derivative; hystroxene-I (6),
and one new quinolinone alkaloid; hystrolinone (7), together with 32 known compounds:
xanthoxylin (8) (Valenciennes et al., 1999), dipetalolactone (9) (Melliou et al., 2005), seselin
(10) (Cazal et al., 2009), xanthyletin (11) (Cazal et al., 2009), crenulatin (12) (Basa S. C.,
1975 and Basa et al., 1982), suberosin (13) (Cazal et al., 2009), baiyumine-A (14) (Wu T. -S.,
1987), tamarin (15) (Burke et al., 1979 and Ito et al., 1991), 5-hydroxynor-acronycine (16)
(Wu et al., 1983), scoparone (17) (Razdan et al., 1987), valencic acid (18) (Ito et al., 1988),
osthenol (19) (Sasaki et al., 1980), citracridone-I (20) (Wu et al., 1983), citpressine-I (21)
(Wu et al., 1983 and Furukawa et al., 1983), scopoletin (22) (Razdan et al., 1987), 5-
hydroxyseselin (23) (Ito et al., 1988 and Melliou et al., 2005), umbelliferone (24) (Kong et
al., 1996), yukovanol (25) (Ito et al., 1989), isoimperatorin (26) (Harkar et al., 1984), (-)-cis-
khellactone (27) (Duh et al., 1991), limonin (28) (Breksa et al., 2008), citramine (29) (Ju-ichi
et al., 1988), (+)-syringaresinol (30) (Kuo et al., 2007), oxypeucedanin hydrate (31) (Harkar
et al.,, 1984), 2',3'-dihydroxydihydrosuberin (32) (Dreyer et al., 1972), (-)-cis-decursidinol



(33) (Sano et al., 1975), limonexin (34) (Kondo et al., 1985 and Nui et al., 2001), limonexic
acid (35) (Ng et al., 1987), vanillic acid (36) (Wang et al., 2011), p-hydroxybenzaldehyde
(Xu et al., 2009), tyrosol (Capasso et al., 1992) and p-hydroxybenzoic acid (Cho et al., 1998).
Their structures were elucidated by spectroscopic data, especially 1D and 2D NMR. 'H and
(or) *C spectroscopic data of known compounds were also compared with those reported in
the literatures.

Hystrixarin A (1) was obtained as a colourless viscous oil. Its molecular formula was
determined as C;9H»,0¢ by HRESIMS measurement for C;9H,,06Na at m/z 369.1308. The IR
spectrum showed the absorption bands at 3452, 1738 and 1606 cm™, indicating the presence
of a hydroxyl group, a carbonyl group and an aromatic ring system, respectively. The UV
spectrum displayed the absorption bands at 218, 245, 256 and 325 nm, indicating the
presence of a 7-oxygenated coumarin moiety (Smith et al., 1957). The 'H NMR spectrum
(Table 1) showed signals similar to those of (+)-cis-27 (Gonzalez et al., 1979) with additional
signal for an isobutyl group [0y 2.23 (2H, d, J = 7.5 Hz, H-2"), 2.12 (1H, m, H-3") and 0.96
(6H, d, J = 6.6 Hz, 4"-Me and 5"-Me)]. The HMBC correlations (Table 3) of an oxymethine
proton (8y 5.23, d, J = 3.9 Hz, H-3") and H-2" with a carbonyl carbon (& 172.0, C-1")
established a 3-methyl-1-butanoyl unit and further linked this unit with the coumarin moiety
through an ester bond. A small coupling constant of 3.9 Hz between H-3' and H-4' (54 5.02)
and their NOESY correlation suggested that these protons had cis relationship. Comparison
of its optical rotation ([a)*"p + 37.43°, ¢ = 2.0, CHCls) with that of (+)-cis-(27) ([a]*p +
81.2°, ¢ = 2.0, CHCl;) (Ganbaatar et al., 2008), indicated that the absolute configurations at
C-3"'and C-4' of 1 were both R, identical to those of (+)-cis-27. Therefore, hystrixarin A was
identified as  (+)-(3'R,4'R)-cis-3'-(3"-methylbutanoxy)-4'-hydroxydihydro-6',6'-dimethyl-
pyrano(2',3":7,8)coumarin (1).

Hystrixarin B (2) was obtained as a white solid, melting at 114.3-115.8 °C. The
molecular formula was established as C;sH;704 by HRAPCIMS, which displayed a molecular
ion peak at m/z 261.1077 [M" + H]. The optical rotation was -21.58° (¢ = 0.53, CHCl3). The
UV and IR absorption bands were similar to those of 1. These results suggested the presence
of a 7-oxygenated coumarin moiety in 2. The "H NMR spectrum (Table 1) showed signals
similar to those of 15 (Ito et al., 1991) except for the difference in the chemical shifts of
nonequivalent methylene protons and an oxymethine of the C-6 substituent. From the *C
NMR spectrum (Table 3), an oxymethine carbon (&c 88.2) in 2 resonated at lower field than
that in 15 (&c 74.9, C-2'), indicating the attachment of a hydroxyl group at C-1', instead of C-
2"in 15. Thus, the 2-hydroxy-3-methyl-3-butenyl unit in 15 was replaced by the 1-hydroxy-3-
methyl-3-butenyl moiety in 2. In addition, the HMBC correlations between the nonequivalent
methylene protons [y 2.86 (1H, H-2'a) and 2.93 (1H, H-2'b)] and C-6 (&c 123.7) supported
the attachment of this unit at C-6. Thus, hystrixarin B was assigned as (-)-6-(1'-hydroxy-3'-
methyl-3'-butenyl)-7-methoxycoumarin (2).

Hopeyhopin (3) was isolated as a colourless solid, melting at 155.3 °C (decomposed).
The HRESIMS showed the molecular formula C;sH;40s (m/z 297.0733 [M+ + H]). The
optical rotation was +12.32° (¢ = 0.75, CHCI;). The IR spectrum showed the absorption
bands at 1739 and 1684 cm™, indicating the presence of carbonyl groups. The UV absorption
bands were similar to those of 32 (Dreyer et al., 1972). The '"H NMR spectrum (Table 1)
displayed signals similar to those of 32 except for the disappearance of signals for the
methylene protons [y 2.55 (1H, dd, J = 13.8, 10.5 Hz, H-1'a) and 3.01 (1H, dd, J = 13.8, 2.1
Hz, H-1'b)] in 32. The HMBC correlations of H-2' (64 4.05) and C-1' (&¢ 193.5), C-3' (6
61.9) and C-4' (6c 24.7) and those between the methyl protons [dy 1.27 (5'-Me) and 1.57 (4'-
Me)] and C-2' (&c 67.9) and C-3' (&¢ 61.9) (Table 3) together with the chemical shift values

4



of C-2' and C-3' suggested that the 2'3'-dihydroxy-3'-methylbutyl side chain of 32 was
replaced by the 2',3'-epoxy-3'-methylbutanoyl side chain. This substituent was attached at C-
6 (6c 123.4) on the basis of the HMBC correlation from H-5 (84 8.06) to C-1' (&¢ 193.5) as
well as the appearance of H-5 at a much lower field than that in 32. From these results,
hopehopin was assigned as 6-(2',3'-epoxy-3'-methylbutanoyl)-7-methoxycoumarin (3).

Hystracridone A (4) was isolated as an orange solid, melting at 242.9-243.1 °C. The
HRAPCIMS showed the molecular formula C;H0NOs (m/z 313.1486 [MJr + H]). The UV
spectrum displayed the absorption bands at 262, 277 and 332 nm indicating the presence of a
9-acridone skeleton (Takemura et al., 1996). The IR spectrum exhibited absorption bands at
3426, 1732 and 1633 cm™ for a hydroxyl group, a carbonyl group and an aromatic ring
system, respectively. The "H NMR spectrum (Table 2) showed signals similar to those of 20
except that a methoxyl signal (g 3.92, 3H, 5, 5-OMe) of 20 was replaced by signals for an
ethanoyl group [y 2.56 (3H, s, 2"-Me) and & 203.5 (C-1")]. The HMBC correlations
between methyl protons (g 2.56, 2"-Me) and C-5 (&¢ 117.4) and C-1" (6¢ 203.5) (Table 4)
confirmed the attachment of this unit at C-5 (6¢ 117.4). In addition, the appearance of a
hydroxy proton (6-OH) at oy 16.58 and the HMBC correlations between 6-OH and C-5 (&c
117.4), C-6 (éc 176.7) and C-7 (&¢ 124.0) supported this conclusion. Thus, hystracridone A
was assigned as 5-ethanoyl-1,6-dihydroxy-6',6'-dimethylpyrano(2',3':3,4)acridone (4).

Hystracridone B (5) was isolated as an orange solid, melting at 156.5-157.3 °C. The
HRAPCIMS showed the molecular formula C»,H,4NOs (m/z 382.1559 [MJr + H]). The UV
and IR spectrum exhibited the similar absorption bands to those found in 4, indicating that 5
was a 9-acridone derivative. Its "H NMR spectrum (Table 2) showed signals similar to those
of 4 except for the signals of a gem-dimethylchromene ring [dy 1.51 (6H, s, 5'-Me and 6'-
Me), 5.57 (1H, d, J = 9.6 Hz, H-3') and 6.62 (1H, d, J = 9.6 Hz, H-4")] of 4 were replaced by
signals for a methoxyl group (dy 3.93, 3H, s, 3-OMe) and an isoprenyl group [(5g 1.75, 6H, s,
4'-Me and 5'-Me), 3.45 (2H, d, J = 5.5 Hz, H-1") and 5.25 (1H, tm, J = 5.5 Hz, H-2")]. The
additional signals of an oxymethyl carbon at &c 56.5 (3-OMe), a quarternary carbon at &
132.8 (C-3"), a methine carbon at & 123.6 (C-2'), a methylene carbon at & 26.9 (C-1') and
two methyl carbons at & 18.32 (4-Me) and & 25.82 (5'-Me) in the °C NMR spectrum
(Table 2) supported this conclusion. The methoxyl group (dy 3.93, 3-OMe) was assigned at
C-3 (6c 165.8) due to the HMBC correlation between the methoxy protons and C-3 (d&c
165.8). The isoprenyl group was located at C-4 (&c 108.6) by the HMBC correlations
between the methylene protons of an isoprenyl group (dy 3.45, H-1') and C-3 (&c 165.8) and
C-4a (&c 146.5) (Table 4). Furthermore, the HMBC and NOESY correlations established the
attachment of the remaining substituents identical to those of 4. Therefore, hystracridone B
was assigned as a new acridone alkaloid: 5-ethanoyl-1,6-dihydroxy-3-methoxy-4-(3'-methyl-
2'-butenyl)acridone (5).

Hystroxene-I (6) was isolated as a colourless viscous oil. The HRESIMS showed the
molecular formula CgHycO3Na (m/z 313.1774 [MJr + Na]). Comparison of the UV and IR
spectra with those of etrogol (6a, Fig. 1) (Ito et al., 1988) indicated the presence of p-
oxygenated benzene derivative. However, the lack of the absorption bands for a hydroxyl
group at 3600 and 3450 cm™ in 6 suggested the absence of the hydroxyl group in 6a. The 'H
NMR spectrum (Table 2) showed signals similar to those of 6a with additional signals for an
isobutyl group [dy 2.16 (2H, d, J = 6.6 Hz, H-2"), 2.08 (1H, m, H-3") and 0.92 (6H, d, J = 6.3
Hz, 4"-Me and 5"-Me)]. The HMBC correlation between H-2" (dy 2.16) and C-1" (¢ 173.0)
(Table 4) established a 3-methyl-1-butanoyl unit which formed an ester linkage with C-2' (éc
64.8) according to the HMBC correlation from H-2' (oy 4.24) and C-1". Accordingly,
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hystroxene-1 was identified as a new benzene derivative: 4-(3"'-methyl-2""-butenyloxy)-2'-
(3"-methylbutanoxy)ethylbenzene (6).

Hystrolinone (7) was isolated as a light yellow viscous oil. The HRESIMS showed the
molecular formula C3H 403N (m/z 233.1125 [M" + H]). The optical rotation was -17.97° (c
=0.36, MeOH). The UV spectrum displayed the absorption bands at 215, 244, 289, 301, 340
and 353 nm indicating the presence of a 4(/H)-quinolinone (Ashan et al., 1993). The IR
spectrum exhibited absorption bands at 3672 and 1735 cm™ for a hydroxyl group and a
carbonyl group, respectively. The '"H NMR spectrum (Table 5) showed signals similar to
those of 1-methyl-2-n-nonyl-4-quinolinone (7a, Fig. 1) (Grundon et al., 1979) except that the
signals for ortho-disubstituted aromatic protons of 7a was replaced by the signals of 1,2,4-
trisubstituted aromatic protons [oy 7.62 (1H, d, J = 3.0 Hz, H-5), 7.31 (1H, dd, J = 9.5, 3.0
Hz, H-7) and 7.77 (1H, d, J = 9.5 Hz, H-8)]. The HMBC correlation between H-5 and C-4 (&¢
177.1) confirmed this conclusion. The 1,2,4-trisubstituted aromatic protons (H-5, H-7 and H-
8) showed the HMBC correlation with C-6 (&c 154.4) indicated the attachment of a hydroxyl
group at this position. Furthermore, a »n-nonyl side chain of 7a was replaced by a 2'-
hydroxypropyl unit [dy 2.98 (1H, dd, J = 14.5, 5.5 Hz, H-1'a), 3.02 (1H, dd, J = 14.5, 7.5 Hz,
H-1'b), 4.14 (1H, m, H-2") and 1.31 (3H, d, J = 6.0 Hz, 3'-Me)]. The HMBC correlations
between H-1'a, H-1'b and H-2' and C-2 (& 153.5) supported the attachment of this unit at C-
2. Thus, hystrolinone was assigned as (-)-2-(2'-hydroxypropyl)-6-hydroxyquinolinone (7).

This is the first report on the chemical constituents from the roots of this plant. The
major constituents are coumarins (xanthyletin) that are usually isolated from Citrus species.
Furthermore, other types of compounds: acridone alkaloids, flavanones, lignins, limonoids,
quinolinone alkaloid and benzene derivatives were isolated from this species. Compounds 1-
2, 4-6, 9, 10-20, 21-22 and 24-30 were evaluated for anti-HIV-1 protease and integrase
activities. Only 5-hydroxynoracronycine (16) showed anti-HIV-1 protease activity with the
ICso value of 93.1 uM. Selected compounds; 1-6, 8, 14-16, 18-20, 22-25, 27-28, 30-36, p-
hydroxybenzoic acid, tyrosol and p-hydroxybenzaldehyde were tested for antioxidant activity

using DPPH, hydroxyl. and superoxide anion assays. Compound 16 and (+)-syringaresinol

(30) exhibited DPPH’ scavenging activity with the ICsy values of 0.19 and 0.032 mg/ml,
respectively. The latter compound was also a superoxide scavenger with the ICsy value of
1.52 mg/ml. In addition, 24 compounds (1-2, 6, 8-16, 18-20, 24-28, 30 and 34-35) were
evaluated for antibacterial activity (MDR Acinetobacter baumannii JVC 1053 and
Escherichia coli ATCC 25922). Compounds 8, 15, 25 and 30 were active against MDR
Acinetobacter baumannii JVC 1053 with the same MIC values of 100 ug/ml while limonin
(28) showed better activity with the MIC value of 50 pg/ml.

3. Experimental
3.1 General experimental procedures

Melting points were recorded on an Electrotermal 9100 melting point apparatus are
uncorrected. IR spectra were recorded using a FTS 165 FT-IR spectrometer (Perkin-Elmer
783). UV spectra on a SPECORD S 100 (Analytikjena), and optical rotations on a JASCO P-
1020 polarimeter. '"H NMR and "*C were recorded on a Bruker FT-NMR Ultra Shield™ 300
MHz and 500 MHz spectrometer using CDClI; solution unless otherwise stated with TMS as
the internal standard. HRESIMS and HRAPCIMS were recorded on a Bruker micrOTOF
Mass spectrometer. Quick CC and CC were carried out on silica gel (Merck) types 60 and
100 (70-230 mesh ASTM) or on reversed phase silica gel C-18 or on sephadex LH-20 (GE
Healthcare). TLC and precoated TLC were performed on silica gel 60 Fys4 (Merck).



3.2 Plants materials

The roots of Citrus hystrix were collected in October 2007 from Moo. 3, Koh-Hong,
Hat-Yai, Songkhla in the Southern part of Thailand. A voucher specimen (Yuranan 01) has
been deposited at the Herbarium of the Department of Biology, Faculty of Science, Prince of
Songkla University, Songkhla, Thailand.

3.3 Extraction and isolation

The dried and chopped roots of C. hystrix (2.59 kg) were extracted with acetone (15
L) for 7 days at room temperature three times. Filtration and subsequent evaporation of
combined acetone extracts to dryness in vacuo gave a dark brown gum (24.19 g) which was
subjected to quick CC, eluting with hexane, acetone and methanol in a polarity gradient to
give ten fractions (1-10). Fraction 2 (2.04 g) was repeatedly separated by CC over silica gel,
CC over sephadex LH-20 and precoated TLC using 100% benzene (3 runs) to provide 6 (7.4
mg), 8 (25.0 mg) and 9 (2.9 mg). Fraction 3 (464.1 mg) was further purified by
recrystallization from acetone - hexane to afford 10 (305.8 mg). Fraction 4 (4.07 g) was
purified using the same method as fraction 3 to give 11 (1.61 g). The mother liquor of
fraction 4 (3.18 g) was repeatedly separated by CC over silica gel and finally with precoated
TLC using 25% ethyl acetate in hexane (4 runs) to yield 2 (3.8 mg), 12 (16.2 mg), 13 (24.5
mg), 14 (10.2 mg) and 15 (13.4 mg). Fraction 7 (547.4 mg) was repeatedly separated by CC
over silica gel, CC over sephadex LH-20, flash CC over silica gel and finally with precoated
TLC to give 1 (6.9 mg), 16 (7.3 mg), 17 (1.4 mg) and 18 (2.6 mg). Fraction 8 (2.32 g) was
further purified by washing with hexane to give 4 (9.2 mg). The mother liquor of fraction 8
(2.31 g) was further purified by recrystallization from acetone - hexane, CC over silica gel,
CC over sephadex LH-20 and precoated TLC to yield 1 (4.8 mg), 3 (1.5 mg), 4 (2.3 mg), 5
(2.2 mg), 15 (17.4 mg), 16 (38.3 mg), 17 (10.4 mg), 18 (13.7 mg), 19 (3.1 mg), 20 (29.7 mg),
21 (3.2 mg), 22 (2.6 mg), 23 (1.8 mg), 24 (5.9 mg), 25 (5.7 mg), 26 (2.7 mg), 27 (9.9 mg) and
p-hydroxybenzaldehyde (2.1 mg). Fraction 9 (3.79 g) was separated by CC over silica and
subsequent precoated TLC to afford 18 (1.1 mg), 26 (3.5 mg), 27 (6.5 mg), 28 (10.4 mg), 29
(1.0 mg), 30 (11.0 mg), 31 (2.4 mg), 32 (6.8 mg), 33 (12.0 mg), 34 (5.1 mg), 35 (8.0 mg), 36
(2.1 mg), tyrosol (1.0 mg) and p-hydroxybenzoic acid (2.8 mg). Fraction 10 (8.73 g) was
separated by dissolving in acetone and then methanol. The methanol fraction (6.50 g) was
separated by CC over sephadex LH-20, CC over silica gel and precoated TLC to afford 7 (1.8
mg) and 18 (1.6 mg).

3.4 Hystrixarin A (1)

Colourless viscous oil; [a]*p + 37.43° (¢ 2.0, CHCLs); UV (EtOH) Amax nm (log €):
218 (4.39), 245 (3.82), 256 (3.75), 325 (4.40); IR (neat) vme cm': 3452, 1738, 1606; 'H
NMR (300 MHz, CDCl3) and *C NMR (75 MHz, CDCl;) data see Table 1; HRESIMS: m/z
369.1308 [M" + Na] (calced. for C9H»,04Na, 369.1314).

3.5 Hystrixarin B (2)

White solid; mp. 114.3-115.8 °C; []**p - 21.58° (¢ 0.53, CHCls); UV (EtOH) Amax
nm (log &): 223 (4.12), 243 (3.67), 253 (3.60), 293 (3.70), 329 (3.98); IR (neat) vy cm™:
3406, 1731, 1621; '"H NMR (300 MHz, CDCl3) and >C NMR (75 MHz, CDCls) data see
Table 1; HRAPCIMS: m/z 261.1077 [M" + H] (calcd. for C1sH704, 261.1127).

3.6 (+)-Hopeyhopin (3)
Colourless solid; mp. 155.3 °C (decomposed); [a]*""p + 12.32° (¢ 0.75, CHCls); UV
(MeOH) Amax nm (log &): 212 (4.12), 219 (4.08), 257 (4.18), 302 (3.87), 328 (3.94); IR (neat)
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Vmax ¢z 1739, 1684; 'H NMR (500 MHz, CDCl;) and *C NMR (125 MHz, CDCl;) data
see Table 1; HRESIMS: m/z 297.0733 [M+ + H] (calcd. for C;5H 405, 297.0730).

3.7 Hystracridone A (4)

Orange solid; mp. 242.9-243.1 °C; UV (MeOH) Anax nm (log &): 262 (4.29), 277
(4.28), 332 (4.13); IR (neat) vmax cm™: 3426, 1732, 1633; '"H NMR (300 MHz, CDCl;) and
*C NMR (75 MHz, CDCl5) data see Table 2; HRAPCIMS: m/z ................ [M" + H] (calcd.
for C21H12N05, ...................... )

3.8 Hystracridone B (5)

Orange solid; mp. 156.5-157.3 °C; UV (MeOH) Ana nm (log &): 227 (4.09), 263
(4.05), 306 (4.05), 329 (3.95), 404 (3.62); IR (neat) vmax cm™: 3429, 1625, 1588; 'H NMR
(500 MHz, CDCl;) and >C NMR (125 MHz, CDCls) data see Table 2; HRAPCIMS: m/z
382.1559 [M" + H] (calcd. for C»oH,4NOs, 382.1654).

3.9 Hystroxene-I (6)

Colourless viscous oil; UV (EtOH) An.x nm (log &): 226 (4.17), 277 (3.36), 284 (3.28);
IR (neat) vmax cm™': 2960, 1731, 1613; '"H NMR (300 MHz, CDCl;) and "*C NMR (75 MHz,
CDCls) data see Table 2; HRESIMS: m/z 313.1774 [M" + Na] (calcd. for C;gHyO3Na,
313.1780).

3.10 Hystrolinone (7)

Light yellow viscous oil; UV (MeOH) Am.x nm (log &): 215 (4.14), 244 (4.24), 289
(3.43), 301 (3.43), 340 (3.76), 353 (3.73); IR (neat) vima, cm’': 3672, 1735; '"H NMR (500
MHz, CD;OD) and *C NMR (125 MHz, CD;OD) data see Table 5; HRESIMS: m/z
233.1125 [M" + H] (calcd. for C;3H;603N, 233.1130).

3.11 Free radical scavenging activity
In this study, three assays were carried out, according to those previously described
(Hutadilok - Towatana et al., 2006).

3.12 Antibacterial activity

A modified broth microdilution method (CLSI, remove hyperlink 2009) was used to
obtain the MICs of the tested materials. Twenty microlitres of a 3-5 h culture of each
bacterial strain (multidrug-resistant Acinetobacter baumannii JNC 1053 and Escherichia coli
ATCC 25922), containing approximately 5x10* CFU/ml, were applied into MHB
supplemented with the medicinal plant extracts at concentrations ranging from 0.05-100
pg/ml. The microtiter plates were incubated at 37 °C for 18 h. Minimum inhibitory
concentrations were observed at least in duplicate as the lowest concentration of the plant
extracts that produced a complete suppression of the bacterial growth.

3.13 Anti-HIV assay
Anti-HIV assay was evaluated according to the method previously described by
Tewtrakul (Tewtrakul et al., 2006).
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Figure 1 Structures of compounds 1-7 from the roots of C. Aystrix, etrogol (6a) and

1-methyl-2-n-nonyl-4-quinolinone 7a
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Table1 'Hand ">C NMR spectroscopic data of hystrixarins A-B (1-2) and

hopeyhopin (3)
position ! 2 3
on (mult, J y,) oc on (mult, J u,) oc on (mult, J y,) oc
2 - 160.7 - 161.4 - 159.9
3 6.28(d,9.6) 112.6 6.25 (d, 9.6) 1132  6.34(d, 10.0) 114.7
4 7.68 (d,9.6) 144.0 7.62 (d, 9.6) 1433  7.70(d, 10.0) 143.2
4a - 112.4 - 112.2 - 112.8
5 7.37(d,8.7) 128.6 7.24 (s) 129.7 8.06 (s) 131.4
6 6.84(d,8.7) 114.8 - 123.7 - 123.4
7 - 155.9 - 160.8 - 162.1
7-OMe - - 3.91 (s) 55.9 4.04 (s) 56.7
8 - 110.5 6.80 (s) 98.8 6.91 (s) 99.9
8a - 154.5 - 155.0 - 158.8
' - - 4.58 (dd, 7.8, 5.4) 88.2 - 193.5
2' - 772 a:2.86(dd,14.7,7.8)  31.7 4.05 (s) 67.9
b:2.93 (dd, 14.7,5.4)

3 523(,3.9) 738 - 143.3 - 61.9
4' 502(d,3.9) 632 a: 4.96 (s) 113.9 1.57 (s) 18.3
b: 5.01 (s)

5' 1.40 (s) 23.5 1.82 (s) 18.1 1.27 (s) 24.7
6' 1.50 (s) 239 - - - -
1" - 172.0 - - - -
2" 223(d,7.5) 433 - - - -
3" 2.12 (m) 25.6 - - - -

4", 5" 0.96 (d,6.6) 223 - - - -
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Table2 'Hand “C NMR spectroscopic data of hystracridones A-B (4-5) and
hystroxene-I (6)
position 4 > 6
ou (mult, J u,) oc on (mult, J u,) oc ou (mult, J u,) oc
1 - 164.2 - 163.3 - 131.0
1-OH 14.12 (s) - 14.20 (s) - - -
2 6.34 (s) 100.3 6.47 (s) 95.8 7.12 (d, 8.4) 129.8
3 - 161.9 - 165.8 6.84 (d, 8.4) 114.7
3-OMe - - 3.93 (s) 56.5 - -
4 - 101.9 - 108.6 - 157.6
4a - 143.9 - 146.5 - -
5 - 117.4 - 117.6 6.84 (d, 8.4) 114.7
6 - 176.7 - 176.8 7.12 (d, 8.4) 129.8
6-OH 16.58 (s) - 16.58 (s) - - -
7 6.68 (d,12.9) 1240 6.63(d, 12.5) 123.7 - -
8 7.96 (d,12.9) 1334 7.95(d, 12.5) 1338 - -
8a - 117.4 - 116.7 - -
9 - 180.0 - 181.0 - -
9a - 108.6 - 108.4 - -
10-NMe 3.76 (s) 47.0 3.68 (s) 46.9 - -
10a - 153.8 - 155.2 - -
I - - 345(d,5.5) 26.9 2.86 (t,7.2) 343
2' - 76.7 5.25(tm,5.5) 123.6 4.24 (t,7.2) 64.8
3 5.57 (d, 9.6) 124.7 - 132.8 - -
4' 6.62 (d, 9.6) 120.3 1.75 (s) 18.3 - -
5 1.51 (s) 26.9 1.75 (s) 25.8 - -
6' 1.51 (s) 26.9 - - - -
1" - 203.5 - 203.8 - 173.0
2" 2.56 (s) 28.4 2.56 (s) 28.6 2.16 (d, 6.6) 43.4
3" - - - - 2.08 (m) 25.7
4" 5" - - - - 0.92 (d, 6.3) 22.4
" - - - - 4.48 (d, 6.6) 64.8
2" - - - - 549 (tm,6.6) 119.8
3" - - - - - 138.0
4" - - - - 1.79 (s) 25.8
s - - - - 1.74 (s) 18.1
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Table3 HMBC correlations of hystrixarins A-B (1-2) and hopeyhopin (3)
.. HMBC correlations
position
1 2 3
3 C-2,C-4a C-2,C-4a C-2,C-4a
4 C-2, C-4a, C-5,C-8a C-2,C-4a, C-5, C-8a C-2,C+4a, C-5
5 C-4, C-4a, C-7,C-8a C-4,C-4a, C-7,C-8a C-4, C-4a, C-7,C-8a, C-1'
6 C-4a, C-7, C-8 - -
7-OM - C-7 C-7
8 - C-4a, C-6,C-7,C-8a C-4a, C-6, C-7, C-8a
I' - C-6, C-2' -
2' - C-6, C-1', C-3' C-1',C-3, C4'
3 C-8, C-1" - -
4 C-7, C-8a, C-3' C-3, C-5' C-2', C-3', C-5'
5! C-2', C-3', C-6' C-3, C-4' C-2', C-3', C4'
6' C-2', C-3", C-5' - -
2" C-1", C-3", C-4", C-5" - -
3" C-1", C-2", C-4", C-5" - -
4" Cc-2", C-3", C-5" - -
5" C-2", C-3", C-4" - -
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Table4  HMBC correlations of hystracridones A-B (4-5) and hystroxene-I (6)
.. HMBC correlations
position
4 5 6
1-OH - C-1,C-2,C-9a -
2 C-1, C-3,C-4, C-9a C-1, C-3,C-4, C-9a C-1,C-3,C-4,C-6
3 - - C-1,C-2,C+4,C-5
3-OMe - C-3 -
5 - - C-1,C-3,C4,C-6
6 - - C-1,C-2,C+4,C-5
6-OH C-5, C-6, C-7 C-5,C-7 -
7 C-5, C-6,C-8a C-6, C-8a -
8 C-6, C-9, C-10a C-6, C-9, C-10a -
10-NMe C-4a, C-10a C-4a, C-10a -
I - C-3,C+4, C-4a, C-2', C-3' C-2,C-6,C-2'
2' - C-1',C4, C-5' C-1,C-1', C-1"
3' C-4, C-5', C-6' - -
4 C-3, C-4, C-4a, C-2' C-2', C-3', C-5' -
5' C-2', C-3', C-6' C-2',C-3', C4 -
6' C-2', C-3', C-5' - -
2" C-5,C-1" C-5, C-1" C-1", C-3", C4", C-5"
3" - - C-1", C-2",C4", C-5"
4" - - C-2", C-3", C-5"
5" - - C-2", C-3", C4"
I - - C-4, C-2", C-3"
2" - - c-4", C-5"
4™ - - c-2", C-3", C-5"
5" - - c-2", C-3", C4™
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Table5 'H, ’C NMR spectroscopic data and HMBC correlations of hystrolinone (7)

. 7
position &y (mult, J y,) oc HMBC correlation
1-NMe 3.90 (s) 35.0 C-2,C-8,C-8a
2 - 153.5 -
3 6.29 (s) 110.2 C-2,C-4,C-4a, C-1'
4 - 177.1 -
4a - 127.2 -
5 7.62 (d, 3.0) 107.6 C-4,C-6,C-7,C-8a
6 - 154.4 -
7 7.31(dd, 9.5, 3.0) 122.4 C-5, C-6, C-8a
8 7.77 (d, 9.5) 118.3 C-6, C-4a
8a - 136.0 -
I' a:2.98 (dd, 14.5, 5.5) 43.2 C-2,C-3,C-2', C-3'
b: 3.02 (dd, 14.5,7.5)
2' 4.14 (m) 66.6 C-2,C-3'
3 1.31 (d, 6.0) 22.3 C-1', C-2
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Abstract

Endophytic fungi were isolated from healthy leaves, roots and rhizomes of seagrass,
Enhalus acoroides, Trang province, southern Thailand. A total of 48 isolates of endophytic
fungi were identified based on morphological characteristics: Aspergillus sp. 1 isolate,
Curvularia spp. 2 isolates, Cladosporium spp. 2 isolates, Fusarium spp. 2 isolates, Penicillium
spp. S5 isolates, and Nigrospora spp. 3 isolates. Thirty-three isolates did not produce
reproductive structures in cultures. Twenty-eight non-sporulating strains were selected for
molecular identification based on rDNA sequence analyses. Endophytic fungi from E.
acoroides are more abundance in medium age leaves than young and old leaves, respectively.
Percentage of occurrence showed the highest value in medium age leaves (0.556%). All of the
isolates were cultured in PDB and extracted by ethyl acetate and hexane. Crude extracts were
screened for their antimicrobial activity using a colorimetric broth microdilution method
against ten pathogenic microorganisms. The endophytic fungus Nigrospora PSU-ESS
produced the best active extracts. Its CH and BE extracts had the strongest activity against M.
gypseum (MIC 4 and 8 pg/ml, MBC 8 and 8 pg/ml, respectively). This result showed the
potential of fungal endophyte that could produce antimicrobial substances.
Keywords: Antimicrobial activity, Endophytic fungi, Seagrasses, Isolation, Enhalus acoroides
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Introduction

It is well documented that endophytic fungi are a good source of bioactive natural
products (Strobel et al., 2004; Gunatilaka, 2006; Verma et al., 2009; Aly et al., 2010). Most of
the studied endophytic fungi were isolated from terrestrial plants (Naik ez al., 2008,
Gurulingappa et al., 2010, Chafre et al., 2010; Linares et al., 2010). Bioactive natural products
from marine endophytic fungi in particular from seagrasses have been rarely studied (Rowley
et al., 2003 and Rodrigues, 2008).

Seagrasses are marine flowering plants and important for marine ecology systems,
reduce wave energy, stabilize the sand and provide a large variety of marine animals
(Horinouchi et al., 2009 and Hori et al., 2009). They have been used in traditional medicine in
India such as the roots of Enhalus acoroides as a remedy against sting by different kinds of
rays and scorpion; Cymodocea spp. as a tranquillizer for babies, as soothing help during
pregnancy and against cough and malaria; and Halophila spp. as a strong medicine against
malaria, skin diseases and in the early stages of leprosy (Kumar et al., 2008). Previous reports
on seagrass endophytes have been rarely studied and most of them have been focused on
diversity and distribution (Wilson, 1998; Alva et al., 2002; Devarajan et al. 2002; Alva, 2005;

Rodrigues, 2008 and Sakayaroj et al., 2010).

Thailand is a rich source of biodiversity. The coastal areas of southern Thailand have
many rich seagrass beds (Adulyanukosol and Poovachiranon, 2006). Twelve species
representing 7 genera were reported through the coastal lines of the Andaman Sea and the Gulf
of Thailand. Recently, Sakayaroj et al. (2010) reported the diversity of endophytic fungi
isolated from seagrass Enhalus acoroides from Hat Khanom-Mu Ko Thale Tai National Park,
southern Thailand. Therefore, this study aimed to isolate endophytic fungi from E. acoroides
from Trang Province and screen for their ability to produce antimicrobial active metabolites
against human pathogens.

Materials and methods
Source and isolation of endophytic fungi.

Five E. acoroides plant samples were randomly collected from Trang Province,
Thailand every month for a period of one year from June 2008 — May 2009. Seagrass samples
including leaves, roots, and rhizomes were surface-sterilized with 10% ethanol (3min), 3%
sodium hypochlorite (10sec), 10% ethanol (3min), rinsed two times in sterile distilled water
and dried on a sterile paper towel, respectively. Leaves were divided into 3 age groups from
the outermost leaves (oldest) to the innermost leaves (youngest) as old medium and young
leaves. Each leaf age group was divided into 3 equal parts (upper, middle, and lower). Each of
leaf part, root and rhizome was then cut into 6 fragments. Samples were placed onto potato
dextrose-sea water agar (PDA-SW) supplemented with antibiotics (50 mg/L penicillin plus
streptomycin). The plates were incubated at RT for up to 2 weeks until the outgrowth of
endophytic fungi was observed. Endophytic fungi were subcultured into PDA without
antibiotics. Each pure fungal isolate was maintained on PDA at 4°C and in 20% glycerol at -
80°C.

The isolation rate was calculated according to Jordaan et al. (2006) as follows:

Isolation rate = Total number of isolates yielded/Total number of sample segments
Fermentations and extractions

Endophytic fungal cultures were grown on PDA and incubated at 25°C for 3-5 days.
Six agar plugs (1 x 1 cm?) from the edge of the mycelium from an actively growing culture
were inoculated into 500 mL Erlenmeyer flasks containing 300 mL potato dextrose broth
(PDB) and incubated for 3 weeks at 25°C under stationary condition for production of
antimicrobial metabolites (Phongpaichit ez al., 2006). The culture broth was filtered to separate
the filtrate and mycelia. The filtrate was extracted three times with an equal volume of ethyl
acetate (EtOAc) in a separating funnel. The combined EtOAc extracts were dried over
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anhydrous sodium sulphate (Na,SO4) and evaporated to dryness under reduced pressure at
45°C using a rotary vacuum evaporator to give the BE extract. The fungal mycelia were
extracted with 500 mL of methanol (MeOH) for 2 days. The aqueous MeOH layer was
concentrated under reduced pressure. Distilled water (50 mL) was added to the extract and the
mixture was then mixed with hexane (100 mL). The aqueous layer was then extracted three
times with an equal volume of EtOAc. The hexane extract and the combined EtOAc extracts
were dried over Na,SO4 and evaporated to dryness under reduced pressure at 45°C using a
rotary vacuum evaporator to give CH and CE extracts respectively. All crude extracts were
first subjected to thin-layer chromatography (TLC) and their H' nuclear magnetic resonance
(NMR) spectra were recorded. At least two batches of each isolate were extracted and checked
for their identical TLC and MNR spectra.

Identification of endophytic fungi

All endophytic fungi were identified based on their morphology and the analyses of the
Internal Transcribed Spacers (ITS) of rDNA. Genomic DNA was extracted using the protocols
described by Wang et al. (2005). The ITS regions were amplified by the polymerase chain
reaction (PCR) with the universal and fungal specific primer pairs ITS5/ITS4 and ITS1F/ITS4.
Purification of the DNA fragment was performed utilizing the NucleoSpin® Extract DNA
purification kit Cat. No. 740 609.50 (Macherey-Nagel, Germany), as described by the
manufacture’s protocol. DNA sequencing was performed using the primers mentioned above,
at Macrogen, Korea. A BLAST Search was used to search for the closest matched sequences in
the GenBank database (Altschul ez al., 1990). The fungal sequences in this study and other
related sequences were multiple aligned using BioEdit 7.0.9 (Hall, 2007) and the alignments
were adjusted manually where necessary to maximize alignment. Phylogenetic relationships
were estimated using PAUP* v4.0b10 (Swofford, 2003). The ITS sequences of endophytic
fungi were submitted to GenBank for retrieving their accession numbers.

Antibacterial assay

The dried endophytic fungal extracts were dissolved in dimethyl sulfoxide
(DMSO) to prepare stock solutions and stored at —4°C until used. All extracts at
concentrations of 200 pg mL’' were screened for antibacterial activity against
Staphylococcus aureus ATCC25923, a clinical isolate of methicillin-resistant S. aureus
(MRSA) clinical isolate, Escherichia coli ATCC25922, and Pseudomonas aeruginosa
ATCC27853 by the colorimetric microdilution method according to a modification of
CLSI M7-A4 (CLSI, 2000). Plates were incubated at 35°C for 15 hours, then 10 uL of
resazurin indicator (0.18%) was added to each well and examined after incubation for 2-3
hours at 35°C for the completed reaction (Drummond and Waigh, 2000). After incubation,
a blue or purple color of the wells indicated inhibition of growth (positive result) and a
pink color meant growth had occurred (negative result). The MICs of active crude extracts
were determined by the same method. The lowest concentration of extract that inhibited
growth (blue or purple colour) was recorded as the MIC. Concentrations of crude extract
less dilute than the MIC and the MIC were streaked onto nutrient agar (NA) plate and
incubated under appropriate conditions. The lowest concentration of extract that showed
no growth was recorded as the MBC. Vancomycin and gentamicin were used as standard
antibacterial agents for positive inhibitory controls.
Antifungal assay

The endophytic fungal extracts were screened for their antifungal activity at a
concentration of 200 pg/ml by a modification of the microbroth dilution CLSTI M27-A2 (CLSI,
2002a) against yeasts (Candida albicans ATCC90028 and NCPF3153, Cryptococcus
neoformans ATCC90112 and ATCC90113) and a modification of the microbroth dilution
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CLSI M38-A (CLSI, 2002b) against clinical isolates of Microsporum gypseum and Penicillium
marneffei. Microtiter plates were incubated at 35°C for 24 hours for C. albicans, 48 hours at
room temperature for C. neoformans, and 6 days at room temperature for M. gypseum and P.
marneffei, then 10 pL resazurin indicator (0.18%) was added to each well and examined after
incubation for 5 hours at 35°C for yeasts and one day for M. gypseum and P. marneffei as
adapted from Drummond and Waigh (2000). The MFCs of the active extracts were determined
by the streaking method on Sabouraud’s dextrose agar (SDA). Amphotericin B was used as a
positive inhibitory control for yeasts and P. marneffeiand miconazole for M. gypseum.

Results
Endophytic fungal isolation and identification

Forty-eight endophytic fungi were isolated from 3,300 fragments from E. acoroides, 45
isolates from leaves, one from root and one from rhizome (Table 1). The percentage of
occurrence in middle segment of young and medium leaves gave the highest values of 0.185%
and 0.556%, respectively. In old leaf, the highest isolation rate was from the lower segment
(0.296%) (Fig. 1).

Only 14 isolates produced conidia and were identified by morphological characteristics
as: Aspergillus sp. (1 isolate), Curvularia sp. 2 isolates), Cladosporium sp. (2 isolates),
Fusarium sp. (2 isolates), Penicillium sp. (4 isolates), and Nigrospora sp. (3 isolates). Thirty-
three isolates did not produce any reproductive structure and were classified as mycelia sterilia
(Table 1). Twenty-eight different morphotypes were selected for molecular identification
based on ITS sequence analyses (Table 3).

Phylogenetic analysis indicated that three fungal isolates were associated with Phylum
Basidiomycota (Figure 2). Two isolates (PSU-ES25 and PSU-ES49) showed high nucleotide

identity with Schizophyllum commune (84.3-99.3%). Endophytic fungus PSU-ES174 had an
affinity with various species of Phanerochaete, with P. sordida as the most closely related
taxon (71.4-99.8% sequence similarities).

Within the most parsimonious tree of Phylum Ascomycota (Figure 3), three different

fungal groups were classified to the Sordariomycetes (17 isolates), Eurotiomycetes (2 isolates)

and Dothideomycetes (6 isolates). Fungal endophytes belonging to the Sordariomycetes had
affinities within 3 orders including the Hypocreales, Xylariales and Trichosphaeriales.

Twelve isolates had affinities with the Order Hypocreales. They were identified as
Hypocrea lixii (PSU-ES22, PSU-ES207 and PSU-ES160), Trichoderma sp. (PSU-ES103),
Simplicillium lanosoniveum PSU-ES104), Simplicillium lamellicola PSU-ES108), Fusarium

sp. (PSU-ES123), Fusarium oxysporum (PSU-ES157), Hypocreales sp. (PSU-ES23, PSU-
ES203 and PSU-ES147) and Cordyceps memorabilis (PSU-ES197).

Within the Xylariales, the endophytic fungus PSU-ES148 showed highest similarity
with species of Pestalotiopsis. This fungus should be identified as Pestalotiopsis sp. Another
two strains, PSU-ES106 and PSU-ES116, did not have any closely related species. Therefore,
they could be tentatively identified as member of the Xylariaceae.

Two isolates of endophyte assemblages (PSU-ES117 and PSU-ES151) were placed in
the Trichosphaeriales. They were closely related and could be identified as Nigrospora sp. Due
to high sequence identity with several Nigrospora species.

The molecular identification confirmed that two isolates of PSU-ES159 and PSU-
ES194 should be classified in Class Eurotiomycetes, Order Eurotiales. PSU-ES159 could
belong to FEupenicillium erubescens, while PSU-ES194 was identified as Penicillium
verruculosum.

Class Dothideomycetes comprised six isolates of endophytes: PSU-ES70 could be
identified as Bipolaris spicifera, while PSU-ES56 was identified as Bipolaris sp. Endophytic
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fungus PSU-ES24 gave closest relationships with the genus Phaeosphariopsis, therefore it
should be identified as Phaeosphariopsis sp. The remaining isolates (PSU-ES127, PSU-ES146
and PSU-ES210) did not have any closest taxa. Thus they could be tentatively identified as
Pleosporales sp. A summary of endophytic identification in the current study is shown in Table
3.

Antimicrobial assay

A total of 135 extracts were screened for their antimicrobial activity. The BE extracts
gave the highest potential against filamentous fungi (37.25%) followed by CE against yeasts
(34.88%) and filamentous fungi (27.91%) and CH against yeasts (21.95%), respectively (Table
2). The MIC values of the active extracts were in the range of 4-200 pug/ml (Table 4). Most of
the extracts had high MBC or MFC values of 200 to >200 pg/ml. The endophytic fungus
Nigrospora PSU-ESS5 produced the best active extracts with MIC values less than 10 pg/ml.
It’s CH and BE extracts had the strongest activity against M. gypseum (MIC 4 and 8 pg/ml and
MFC 8 and 8 pg/ml, respectively. Both extracts also showed antibacterial activity against both
strains of S. aureus (MIC 64 pg/ml).

Discussion

Seagrasses are natural resource and provide nursery habitats for juvenile fish for
aquatic animal (Horinouchi et al., 2009). The association of endophytic fungi and their host
plant tissue is believed to be complex (Owen and Hundley, 2004). Many secondary
metabolites are produced from seagrasses. Methanolic extracts from three estuarine seagrass
species, Potamogeton pectinatus L. (sagopond weed), Potamogeton perfoliatus L. (redhead
grass) and Ruppia maritima L. (wigeon grass) showed antibacterial activity using a disk
diffusion assay. All extracts inhibited Gram-positive and a few Gram-negative bacteria
(Bushmann and Ailstock 2006). Extract from the common seagrasses, Ruppia maritima,
showed higher potential for growth inhibition of Lindra thalassiae and Fusarium spp. (Ross et
al., 2008).

There are only a few reports on the studies of the endophytic fungi from seagrasses
(Wilson, 1998; Alva et al., 2002; Sakayaroj et al. 2010), while many reports showed the
potential of endophytic fungi isolated from terrestrial plants (Wiyakrutta et al., 2004, Kharwar
et al., 2008 and Gu, 2009). The endophytic fungi isolated from plants have been shown to have
antifungal and antibacterial activities (Ina’cio et al., 2006, Yang et al., 2006, Li et al., 2005
and Li et al., 2008).

Forty-eight endophytic fungi obtained from this study belonged to Phyla Ascomycota
(93.62%) and Basidiomycota (6.38%). Molecular identification showed that 33 non-sporulating

fungi were in association with three major classes: Sordariomycetes, Eurotiomycetes and
Dothideomycetes. They were reported to be the most abundant endophytic groups isolated
from various plant families (Arnold, 2007). In this study, we also found basidiomycetes
occurred as the endophytes in E. acoroides. Normally, the basidiomycetous endophytes are
rarely isolated from halo and mangrove plants, most of them were frequently reported from
terrestrial plants (Wang et al. 2005; Rungjindamai et al. 2008). Our result was in concordance
with a study by Sakayaroj et al (2010) which documented an endophytic basidiomycete
(Peniophora sp.) from E. acoroides.

Most of the endophytes found from our study were also commonly reported from other
plants such as Aspergillus, Penicillium, Pestalotiopsis and Fusarium (Devarajan and
Suryanarayanan 2002, Rungjindamai et al, 2008, Deshmukh et al, 2010, Pinruan et al, 2010,
Sakayaroj et al, 2010; Buatong et al, 2011). Moreover, the frequent endophytes isolated from
E. acoroides include the genera Bipolaris, Nigrospora, unidentified Hypocreales and
unidentified Pleosporales (Sakayaroj et al, 2010).
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In 2008, JianQiu et al. studied on diversity and ecological distribution of fungal
endophyte from medicinal plants. It has been shown that the number of isolation rate and
colonization rate were higher in twig than in leaves. The colonization and isolation rates of
endophytic fungi in twigs increased with the age. Gond et al. (2007) found that the endophytic
fungi isolated from plant gave the highest colonization frequency in bark and leaves, while it is
least in root. However, Sakayaroj et al. (2010) studied on seagrass Enhalus acoroides and
found the highest number of isolates in upper sections, which is different from this study. We
found the highest number of isolates in middle, lower and upper sections, respectively. The
distribution of fungal endophyte in plant tissue may association with many factors, age,
seasonal, nutrient and collecting site (Wilson, 1998 and Abreu ef al., 2010).

In this study we could select the most potential isolate, Nigrospora sp. PSU-ESS which
produced the best active antifungal extracts with very low MIC comparable to the standard
antifungal drugs. Therefore, endophytic fungi isolated from seagrasses were a good source of
antimicrobial substance.
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Table 1 Number of endophytic fungi isolated from Enhalus acoroides

Fungi Number of isolates (%)
Leaves Roots Rhizomes

Aspergillus sp. 1
Nigrospora sp. 3

Penicillium sp. 4

Curvularia sp. 2

Cladosporium sp. 2

Fusarium sp. 2

Unidentified fungi 33 1

Total 48 isolates) 46 1 1

11



Table 2 Percentages of active fungal crude extracts against at least one microorganism

Extracts Active extracts (%)

Gram-positive Gram-negative  Yeasts Filamentous fungi
CH (41) 8(19.51) 0(0) 9(21.95) 14(34.15)
CE (43) 7(16.28) 2(4.65) 15(34.88) 12(27.91)
BE (51) 10(19.61) 6(11.75) 13(25.49) 19(37.25)

Total (135)  25(18.52) 8(5.93) 37(27.41)  45(33.33)
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Table 3. The identification of endophytic fungi isolated from Enhalus acoroides based on

morphological characteristic and molecular data.

Strain Plant organ Morphology Molecular Accession
identification identification number
PSU-ES2 Leaf Penicillium sp. - -
PSU-ES3 Leaf Penicillium sp. - -
PSU-ES4 Rhizome Aspergillus sp. - -
PSU-ESS Leaf Nigrospora sp. - -
PSU-ES21 Leaf Penicillium sp. - -
PSU-ES22 Leaf Non-sporulating Hypocrea lixii IN116598
PSU-ES23 Leaf Non-sporulating Hypocreales sp. IN116599
PSU-ES24 Leaf Non-sporulating Phaeosphaeriopsis sp IN116600
PSU-ES25 Leaf Non-sporulating Schizophyllum commune  JN116601
PSU-ES45 Leaf Curvularia sp. - -
PSU-ES49 Leaf Non-sporulating Schizophyllum commune  JN116615
PSU-ES56 Leaf Non-sporulating Bipolaris sp. IN116619
PSU-ES69 Leaf Non-sporulating Psilocybe sp. -
PSU-ES70 Leaf Non-sporulating Bipolaris specifera IN116627
PSU-ES71 Leaf Curvularia sp. - -
PSU-ES103  Leaf Non-sporulating Trichoderma sp. IN116645
PSU-ES104  Leaf Non-sporulating Simplicillium lanosoniveum JN116646
PSU-ES106  Leaf Non-sporulating Xylariaceae sp. IN116648
PSU-ES107  Leaf Non-sporulating Cochliobolus sp. -
PSU-ES108  Leaf Non-sporulating Simplicillium lamellicola IN116649
PSU-ES111 Leaf Non-sporulating Cochliobolus sp. -
PSU-ES114  Leaf Nigrospora sp. - -
PSU-ES116  Leaf Non-sporulating Xylariaceae sp. IN116652

13



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

PSU-ES117

PSU-ES123

PSU-ES124

PSU-ES125

PSU-ES127

PSU-ES130

PSU-ES134

PSU-ES136

PSU-ES137

PSU-ES139

PSU-ES146

PSU-ES147

PSU-ES148

PSU-ES151

PSU-ES157

PSU-ES158

PSU-ES159

PSU-ES160

PSU-ES174

PSU-ES19%4

PSU-ES197

PSU-ES203

PSU-ES207

PSU-ES210

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Leaf

Root

Leaf

Leaf

Leaf

Leaf

Leaf

Non-sporulating
Non-sporulating
Non-sporulating
Cladosporium sp.
Non-sporulating
Non-sporulating
Cladosporium sp.
Nigrospora sp.
Fusarium sp.
Penicillium sp.
Non-sporulating
Non-sporulating
Non-sporulating
Non-sporulating
Non-sporulating
Fusarium sp.
Penicillium sp.
Non-sporulating
Non-sporulating
Non-sporulating
Non-sporulating
Non-sporulating
Non-sporulating

Non-sporulating

Nigrospora sp.
Fusarium sp.

Psilocybe sp.

Pleosporales sp.

Capnodiales sp.

Pleosporales sp.
Hypocreales sp.
Pestalotiopsis sp.

Nigrospora sp.

Fusarium oxysporum

Eupenicillium erubescens

Hypocrea lixii

Phanerochaete sordida

IN116653

IN116657

IN116658

IN116669

IN116670

IN116671

IN116674

IN116678

IN116679

JN116680

JN116691

Penicillium verruculosum JN116703

Cordyceps memorabilis

Hypocreales sp.
Hypocrea lixii

Pleosporales sp.

IN116706

IN116711

IN116715

IN116717

14



1  Table4 Endophytic fungi showing potential antimicrobial activity (MIC < 100 pg/ml)

2

MIC (pg/ml)

PSU

code  Extract SA MRSA EC PA CAl CA2 CNlI CN2 MG PM
ES4 CH 128 32
ES4 BE 64 64 32 128 64
ESS5 BE 64 64 200 200 8
ESS5 CE 64 64 200 200 16
ESS5 CH 4
ES6 CH 128 64
ES6 BE 64 64 128 200
ES22 BE 128 128 200 32 64 064
ES23 CH 128 128 200 64 200 128
ES23 BE 200 200 200 200 64
ES45 CE 200 128 64
ES49 CE 64 200 128 64 32
ES69 CE 64 32 128 200
ESI11 BE 128 128 16 128
ES114 BE 16 32 128 32 64 200 200
ES123 CH 64 16 64 200
ES123 BE 64 200 128 64 200
ES123 CE 64 128 16 200
ES136 BE 128 128 64 128 64 64
ES137 CH 64 64

15
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ES139

ES158

ES160

ES197

BE

CE

BE

BE

Vancomycin

Gentamicin

Amphotericin B

Miconazole

64

200

0.5

200

64

200 200

0.25 0.125

128

64

200

0.5

128

128

128

200

64

64

SA, Staphylococcus aureus ATCC25923; MRSA, methicillin-resistant S. aureus clinical isolate; EC, Escherichia

coli ATCC25923 ; PA, Pseudomonas aeruginosa ATCC27853; CAl, Candida albicans ATCC90028; CA2, C.

albicans NCPF3153; CN1, Cryptpcoccus neoformans ATCC90012; CN1, C. neoformans ATCC90013; MG,

Microsporum gypseum clinical isolate, PM, Penicillium marneffei clinical isolate

BE, crude ethyl acetate extract from culture broth; CE, crude ethyl acetate extract from the fungal mycelia, CH,

crude hexane extract from the fungal mycelia

16
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Figure 1 The percentage of occurrence of endophytic fungi isolated from difference

segments from leaves, old, medium and young.
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Figure 2. Phylogenetic tree of fungal endophytes belong to Basidiomycota based on
Maximum Parsimony analysis of ITS rDNA sequences. Length= 921; consistency index
(CD)=0.696; retention index (RI)=0.897; homoplasy index (HI)=0.304; rescaled consistency
index (RC)=0.624. Bootstrap values from Maximum Parsimony (MP BS) and Neighbour
Joining (NJ BS) with 500 replications are shown on the branch. MP BS values >50 % are
shown before the slash; NJ BS values >50 % are shown after the slash.
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ES147 ITS

Hypocreales p
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ES148 ITS
AY681482 Pestalotiopsis aeruginea
DQ813432 Pestalotiopsis theae

GU222390 Pestalotiopsis theae
FJ794471 Truncatella angustata
DQ278923 Sarcostroma restionis
FJ884143 Pestalotiopsis palmarum
HQ248208 Pestalotiopsis olivacea
HQO022342 Pestalotiopsis microspora
HM535767 Pestalotiopsis gracilis
EU644%55 ,P;esttallotlopsm ?j)
estalotiopsis diospyri
Hﬁ%m% Peslalol_io’;)s_is oxyngthi
AY682927 Pestalotiopsis clavtslpora
HM190151 Pestalotiopsis virgatula
AY682943 Pestalotiopsis photiniae
AYB87867 Pestalotiopsis crassiuscula
\Y682946 Pestalotiopsis photiniae
FJ449996 Fun?al endophyte |
AY924263 Pestalotiopsis clavispora
HQ$48207 Pestalotiopsis sydowiana

>

94/96 151 1
EU715678 Nigrospora sp
FJ487918 Nigrospora oryzae
EU918714 /\;zrospora oryzae
EU529993 Nigrospora oryzae
GQ919077 Nigrospora sphaerica
EU821485 Nigrospora oryzae
GQ919076 Nigrospora sphaerica
FJSGgggg Dioscorea pol yﬁtacl’gya
ligrospora sphaerica
ROPPRIRS Nigrognors sphaer
FJ594991 I\)lég/as_pora sphaerica
EU781663 Xylaria sp
FJ449963 Fungal endophyte
EF026145 Daldinia loculata
FJ025282 Fungal endophyte
AF176969 Daldinia loculata
AY315403 Daldinia sp

M
HM192911 Daldinia decipiens
FJ205455 Daldinia petriniae
AM292043 Daldinia childiae

AM749927 Daldinia pyrenaica

GQY06969 Hansfordia sp
AB449101 Xylaria s;)
AMA407726 Daldinia loculatoides

HM192! Idinia sp

EU685982 Fungal endophyte
AM749921 Daldinia placentiformis
AM749921 Daldinia placentiformis
AF280628 Nodulisporium s
GU222391 Daldinia eschscholzii
EU009965 Xylariaceae sp .
AM74A3A3714% (;:3 Dalzjllnlatcaldarlorum
inia clavata

AR e glavate,
EU365344 Nodulisporium sp
DQ223749 Hypoxylon monticulosum
HQ1 1672|3T587 Xylariaceae sp

ES116 ITS

DQ485958 F | endoph
»&%4621% #y;?g(y?gn ?r%/g#grme

AJ390400 _thpoxylon fendleri

2431 i
AR DB e sconanina
AY4%2%56 Eutypa Iat.

a
GQ293967_Cryptosphaeria pullmanensis
EU68 g/fFur?gal endopphyte
EF488415 Annulohypoxylon atroroseum
AJ390397 ’.‘:I’ypuxy/on atroroseum

AB449097 oxylon sp
AB440107 Xylariaceae Sﬁ
EU818908 Fungal endophyte
2102 H) [lm_x lon sp

AF037436 Penicillium pimiteouiense
AF033461 Penicillium vinaceum
ES159 ITS

EU427289 Eupenicillium erubescens
DQ401555 Penicillium citrinum
AM176707 Penicillium sp
AB217858 Paecilomyces sp
AF033395 Paecilomyces variotii

194 |TS
E§48979£3 Penicillium verruculosum
FJ487931 Talaromyces flavus
AY532406 Talaromyces flavus.
HMO036607 _Penicillium pinophilum
AY753345 Talaromyces macrosporus
U973644 Penicillium sp
EU781668 Penicillium aculeatum
EF503562 Bipolaris sFicifera e
AYEE‘ZSBGO1 chh/robot uts australiensis
ofarjs tetramera
E\%ggg Z 8 gt’[)’nlan’s splrcalltlgra
AJSO%OSM Cachliobolus spicifer

7
GU183125 Bipolaris spicifera
ES127 ITS
DQ092518 Cochliobolus sp
EU680541 Dothideomycete sp
EU680523 Dothldeom)/cete sp
D()81?é(5779t2S Ccnch/?plzjn ;43 /;Jnat;Js
chliobolus lunatus
%?406%5696 Cooc I/ooboﬂ/s sp
AF313409 Curvularia inaequalis
S56 1TS

o]

losus

HMO, chliobolus verruculosus
(EEB%(S%% _glpof;#s oryzae

GU480768 Bipolaris sorokiniana

HM997126 Bipolaris setariae

ES24 ITS

GUO017524 Phaeosphaeriopsis sp

GQ179756 Phaeoseptoria musae

AF439470 Phaeoseﬁtona sp

AF439495 Phaeosphaeria oryzae

EU750693 Pyrenochaeta sp

EU680557 Dothideomycete sp

GQ153183 Dothideomycetes sp

751085 F;vrenochaetops:s microspora

FJ755255 Ochrocladosporium frigidarii

U781672 Fun?al endophyte

HM771013 Lepiosphaerulina sp

GQ254687 Leptosphaerulina chartarum

GU355654 Leptosphaerulina chartarum

EU715680 Leptosphaerulina helminthicola

HM150642 Paraconiothyrium variabile

HM116750 Pleosporales sp
EU552141 Lophiostoma macrostomum

L ———— DQO56860 Lentinus tigrinus

AY593860 Ganoderma fornicatum

— 5 changes
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Figure3. Most parsimonious tree of ITS rDNA sequences of Ascomycota. Length= 1401;
consistency index (CI)=0.279; retention index (RI)=0.871; homoplasy index (HI)=0.721;
rescaled consistency index (RC)=0.243. Bootstrap values from Maximum Parsimony (MP BS)
and Neighbour Joining (NJ BS) with 500 replications are shown on the branch. MP BS values
>50 % are shown before the slash; NJ BS values >50 % are shown after the slash. Symbols
represent in the different classes; A Sordariomycetes, @ Eurotiomycetes and W
Dothideomycetes.
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“:2 %  NIGROSPORA SP. PSU-F18

Kongkiat Trisuwan,® Vatcharin Rukachaisirikul,® Souwalak Pongpaichit,” and Sita Preedanon®
aDepartment of Chemistry, Faculty of Science, Prince of Songkla University,
bDepartment of Microbiology, Faculty of Science, Prince of Songkla University,

Hat Yai, Songkhla 90112, Thailand.

Introduction: Investigation of bioactive compounds from fungi is of interest. The ethyl acetate extract
from the culture broth of Nigrospora sp. PSU-F18 isolated from a sea fan Annella sp. exhibited antibacterial
activity against standard Staphylococcus aureus ATCC 25923 (SA) and a clinical isolate of methicillin-resistant S.
aureus (MRSA) with equal MIC values of 128 ug/mL. Thus, we are interested in the isolation and structural
elucidation of antibacterial metabolites.

Materials and methods: The flask culture of the marine-derived fungus Nigrospora sp. PSU-F18 was
filtered to give two parts, the filtrate and mycelia. The filtrate was extracted three times with an equal volume of
ethyl acetate (300 mL). The ethyl acetate layer was dried over anhydrous Na,SO, and evaporated to dryness
under reduced pressure to obtain a brown gum (4.2 g). The crude extract from the culture broth was separated by
column chromatography over Sephadex LH-20 to afford five fractions (A-E). Fraction B was purified by column
chromatography over silica gel with a gradient system of methanol-dichloromethane to obtain two new
compounds (1 and 2). Fraction D was further separated by column chromatography over silica gel using a
gradient system of ethyl acetate-light petroleum to give three known ones (3-5).

Results and Conclusions:

"% ) PERCH-CIC

The investigation of the ethyl acetate extract from the culture broth of the
marine-derived fungus Nigrospora sp. PSU-F18 led to the isolation of one new solanapyrone derivative (1), one new
pyrone derivative (2) and three known compounds, solanapyrone A (3), musacin F (4) and 5-(S)-[1-(1(S)-
hydroxybut-2-enyl)]dihydrofuran-2-one (5). Their structures were assigned by spectroscopic methods.

References:
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Strange, R. N., Phytochemistry, 1989, 28, 2627-2630.

2. Fukushima, T., Tanaka, M., Gohbara, M., Fujimori, T., Phytochemistry,
1998, 48, 625-630.
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DERIVED FUNGUS NIGROSPORA SP. PSU-F11
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Sita Preedanon® and Nongporn Hutadilok-Towatana®

aDepartment of Chemistry, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand. i1 ,-I

bDepartment of Microbiology, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand.
‘Department of Biochemistry, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112, Thailand. |

Abstract The ethyl acetate extract from the marine-derived fungus Nigrospora sp. PSU-F11, upon chromatographic!
separation, afforded one new cyclohexene derivative (1), one new cyclohexenone derivative (2) and one known phenol
derivative, tyrosol (3). Their structures were elucidated by analysis of spectroscopic data and comparison of the 'H and 1~”C

NMR data with those previously reported.

Introduction The secondary metabolites, for example, antifungal phomalactone, phytotoxic metabolite nigrosporins

and

3, were isolated from the genus Nigrospora. The fungus Nigrospora sp. PSU-F11 was sampled from the gorgonian sea fan
!(Annella sp.) which was destroyed after Tsunami disaster in the region of Similan islands in the Southern Thailand. Its ethyl
| acetate extract exhibited antifungal activity against Microsporum gypseum with a MIC value of 640 mg/mL and antibacterial

| activity against Staphylococcus aureus, both standard and methicillin-resistant strains with equal MIC values of 1,280 yg/mL.
In addition, it displayed antioxidant activity against DPPH", hydroxyl® and superoxide® with IC, values of 0.14, 0.50 and 3.83
mgmlL, respectively. Thus, we are interested in the isolation and structural elucidation of bioactive metabolites from this
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Methodology The flask culture of the marine-derived fungus
Nigrospora sp. PSU-F11 (15 L) was filtered to separate into the
filtrate and wet mycelia. The filtrate was extracted three times
with an equal volume of EtOAc (300 mL). The combined EtOAc
extracts were dried over anhydrous Na,SO, and evaporated to
dryness under reduced pressure to obtain a dark brown gum
(497.4 mg). The EtOAc extract from the culture broth was
separated by column chromatography (CC) over Sephadex LH-20
with MeOH to yield five fractions. Fraction 2 (287.9 mg) was
further purified by CC over silica gel with a gradient system of
MeOH-CH,Cl, to afford four subfractions. The second
subfraction (45.5 mg, eluted with 2% MeOH-CH,Cl,) was
rechromatographed by CC over silica gel with a gradient system
of EtOAc-light petroleum, followed by purification on preparative
TLC with 1% MeOH-CH,CI, (8 runs) to gain 2 (2.4 mg). The
third subfraction (101.4 mg, eluted with 2-4% MeOH-CH,Cl,)
was subjected to reverse phase CC with a gradient system of
MeOH-H,O and subsequently purified by flash CC with a
gradient system of MeOH-CH,CI, to give 1 (17.4 mg). 3 (2.7 mg)
was obtained after subjecting fraction 3 (64.9 mg) to CC over
silica gel with a gradient system of EtOAc-light petroleum.

Results, Discussion and Conclusion

The investigation of the ethyl acetate extract from the culture
broth of the marine-derived fungus Nigrospora sp. PSU-F11 led to
the isolation of one new cyclohexene derivative (1), one new
cyclohexenone derivative (2) and tyrosol (3). Their structures were
elucidated by analysis of spectroscopic data. As a result of the
presence of those isolated compounds in the 'H NMR spectrum,
the mycelial extract was not further investigated.
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Bioactive Substances from Garcinia Species and their Endophytic Fungi

Vatcharin Rukachaisirikul
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Plants of the genus Garcinia are encountered  The discovery of taxol, an anticancer drug from the
mainly in tropical rainforests and have been used in  endophytic fungus Pestalotiopsis microspora
traditional medicines for wound healing, anti- isolated from the Himalayan yew tree Taxus
inflammatory, anti-diarrhea and cytotoxic activities. wallichiana, draws our interest to search for
They have produced an abundance of biologically  bioactive compounds produced by fungal
active and structurally interesting natural products.  endophytes in Garcinia plants. Investigation of ten
Our research work on the discovery of bioactive  endophytic fungi resulted in the isolation of
substances from Garcinia plants grown in the  significant  antifungal,”’  antibacterial®  and
southern part of Thailand led to the isolation of  antimycobacterial’ metabolites. This presentation
various types of compounds, including biphenyls,  will highlight our work on antibacterial xanthones
biflavones, benzophenones, benzopyrans, depsidones, from G. nigrolineata and G. scortechinii. The
isocoumarins, phloroglucinols, quinones, terpenes  isolation of bioactive compounds from the
and xanthones. Some of them exhibited potent endophytic fungi will also be presented.
antibacterial,'” anti-HIV 1 and antioxidant® activities.

G. hanburyi G. scortechinii G. nigrolineata Fungal endophytes

from Garcinia species
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Introduction: Fungi belonging to the genus Nigrospora have been an important source of bioactive secondary
metabolites, such as plant growth-inhibiting nigrosporolide and phomalactone, phytotoxic and antibacterial
nigrosporins, and phytotoxic lactones. In an ongoing search for bioactive metabolites from marine-derived fungi, the
crude extracts from culture broth of Nigrospora sp. PSU-F5, F11 and F12 exhibited antibacterial activity against
Staphylococcus aureus ATCC 25923 (SA) and a clinical isolate of methicillin-resistant S. aureus (MRSA). These fungi
were isolated from a gorgonian sea fan (Annella sp.) near Similan Islands and identified on the basis of sequence
analyses of the ribosomal internal transcribed spacer and partial large subunit rDNA. Eight new compounds
including one cyclohexenone, two cyclohexenes, two pyrones and three epoxydons were isolated from these fungi
together with 13 known metabolites. The structures were elucidated on the basis of spectroscopic data, especially 1D
and 2D NMR. Their antibacterial activity against SA and MRSA was evaluated.

Fermentation and Isolation: Each fungus was grown on potato dextrose agar at 25°C for 5 days. Three pieces
(0.5x0.5 cm?) of mycelial agar plugs were inoculated into 500 ml Erlenmeyer flasks containing 300 ml of potato
dextrose broth and incubated at room temperature for 4 weeks. The culture of each isolated fungus (10 I) was filtered
to separate into the filtrate and wet mycelia. The filtrate was extracted with EtOAc (3x300 ml). The combined EtOAc
extracts were dried over anhydrous Na,SO, and evaporated to dryness under reduced pressure to obtain a dark
brown gum. The crude EtOAc extract was separated by CC over Sephadex LH-20 eluted with MeOH to give fractions.
Selected fractions were further purified by CC or precoated TLC to obtain pure compounds.

Results: one new pyrone (1), three new epoxydons (2-4), Two new cyclohexenes (12-13) and one new
and nine known compounds, (+)-epoxydon (5), (+)- cyclohexenone (14) were obtained from Nigrospora sp.
deoxyabscisic acid (6), abscisic acid (7), (+)-phaseic acid PSU-F11 together with tyrosol.

14

(8), pestalopyrone (9), hydroxypestalopyrone (10), clavatol 1
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. isochromanone (16), (-)-drimenien (17) and diketo-
L el e piperazine (18), were isolated from Nigrospora sp. PSU-
= F12.

. “| One new pyrone (15) and three known compounds, 3-

Antibacterial Activity: The isolated metabolites, except for 1, 9, 11, 15 and napthalenone derivative for which
insufficient material was available, were tested for antibacterial activity against SA and MRSA. Only compounds
isolated from Nigrospora sp. PSU-F5 displayed interesting results while the remaining compounds exhibited very

weak activity. Compound 2 was more active than 5 against SA (MIC 64 g/ml), but less active against MRSA (MIC > 128
ug/ml). Compound 5 gave the MIC value of 128 xg/ml against both strains.
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Marine-derived fungi are a rich source of structurally unique and biologically active
secondary metabolites and a promising source of pharmaceutical leads. During our ongoing
search for bioactive natural products from marine-derived fungi, many fungal isolates have been
isolated from a gorgonian sea fan (Annella sp.), collected near the Similan Islands, Southern
Thailand. They were screened for their potential to produce antimicrobial and antioxidation
substances. The fungi were selected on the basis of their biological data and "H NMR profiles for
further study on bioactive metabolites and new compounds. Structural elucidation of secondary
metabolites, isolated from the marine-derived fungi in the genera Nigrospora, Penicillium,

Xylaria and Fusarium, and their biological activities will be presented.
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Introduction

Drug resistant problem has increased worldwide. There is a need to find novel sources of antimicrobial agents. Endophytes are /;-‘.“’w
\@

microbes that live asymptomatically within various plant tissues (Gao et al., 2005). It was reported that 51% of biologically active

substances were isolated from endophytic fungi (Schulze et a/., 2002). Most of endophytic fungi studied were from terrestrial plants.
Seagrasses are marine plants with the same basic structures as the terrestrial plants. However, endophytic fungi from seagrasses

have been rarely studied, wrrh few reports (Wllson 1998; Alva et al., 2002). The coastal areas of Trang Provi

fr‘om Tr'ang Pr'ovmce and screen for' their abllm/ to pr'oduce anﬂrnlcr'oblnl active metabolites agamst human pathogens

[Mm‘er‘ials and Me'rhods]

2.Percentages of active fungal crude extracts

Seagrass sample collection W against at least one microorganism
Seagrass samples were randomly collected W 251
from Trang Province every month for a period of V 4 N = v
1 year. The samples were identified as Thalassia s o8 o .9
hemprichii according to their morphology. Thalassia hemprichii \ }‘
1 L= O Granrpositive A\
Fungal isolation ¥ . =, o —y
Endophytic fungi were isolated from surface-sterilzed leaves, roots =l g
and rhizomes of T. hemprichii into axenic culture. All isolates were 1 U veasts
grown on PDA and kept at RT until use. F [ Filamentous fungi
Extract preparation

Fermentation broth (PDB at RT, 3-4 weeks BE@0) CE@2) CH(0)

" | | . . .

Culture filtrate S et 3.The most potential of endophytic fungi

1mn @ |x=f: g
BE ( Broth EtOAc) [ 1 MIC/MBC or MFC (ug/ml)
Hexane Aqueous MeOH Fungal
l lEvoAc x2 code |Extracts |S. aureus | MRSA |C. neoformans 1 | C. neoformans 2
CH (Cell Hexane) CE (Cell EtOAc) Es-43 CH 8/16
Antimicrobial assays ES-73  |CE 8/>200 | 8/>200 1/4 4/8
+ Test microorganisms: Gram-positive bacteria .
, : 0.5/1 1/2

(S. aureus and methicillin-resistant S. aureus, Vancomycin 3 /
MRSA), Gram-negative bacteria (€. coli and P. Amphotericin B 1/4 1/4
aeruginosa), yeasts (C. albicans and C. =y
neoformans) and fungi (M. gypseum and P.
e Conclusions
- Screening test at 200 pg/ml by colorimetric  Plates after testing for . - e i

) dhadl Hg 4 a9 antimicrobial activity in + Endophytic fungi isolated from seagrass T. hemprichii
broth microdilution test. e b Y Pwed th t abili + d timicrobial
* Minimum Inhibitory Concentrations (MICs) and  Pink colour indicates growth proveg, the™ greaigpgRlinToy produce  anTiT
Minimum Bactericidal Concentrations (MBCs) or  and blue means inhibition of metabolites against Gram-positive bacteria and fungi,

e e 3 wth. but not against Gram-negative bacteria.

Minimum Fungicidal Concentrations (MFCs) by RIar - i
the sameRBalorimetric broth micreailEtiont *  An unidentified endophytic fungus ES-73 was most

active against MRSA and C. neoformans followed by

ES-43 against C. neoformans.
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Bioactive Metabolites from Sea Fan-derived Fungi
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Marine-derived fungi have become an screened for potential to produce antimicrobial and
important source of structurally unique and  antioxidation substances. The fungi were selected
pharmacologically active secondary metabolites. As  for further study on the basis of the biological and
part of our continuing search for bioactive 'H NMR data of the crude extracts. This
metabolites from marine-associated fungi, many  presentation will focus on metabolites isolated
fungal strains were isolated from a gorgonian sea fan from nine sea fan-derived fungi and their
of the genus Anmnella. Their broth extracts were  biological activity.
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ABOLITES FRONM
OTRYOSPHAERIA

iraporn Arunpanichlert,! Vatcharin Rukachaisirikul," Souwalak Pongpaichit? and Jariya Sakayaroj
. Department of Chemistry and Center for Innovation in Chemistry (PERCH-CIC), Faculty of Science, Prince of Songkla Universit
u{(‘sﬁ PERCH-CICHat Yai, Songkhla 90112.

i 2Department of Microbiology, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112.
$National Center for Genetic Engineering and Biotechnology (BIOTEC), Thailand Science Park, Klong Luang, Pathumthani 12120.
ABST RACT Chromatographic separation of the ethyl acetate extract from the broth of endophytic fungus Botryosphaeria
rhodina PSU-M114 afforded a new carboxylic acid derivative (1) together with six known compounds, (R)-(-)-mellein (2), cis-4-
hydroxymellein (3), frans-4-hydroxymellein (4), (R)-(-)-5-hydroxymellein (5), 5,6-dihydro-6-propylpyran-2-one (6) and (4R, 6S)-
tetrahydro-4-hydroxy-6-propylpyran-2-one (7). Their structures were elucidated by analysis of spectroscopic data, especially
1D and 2D NMR data.

INTRODUCT'ON Botryosphaeria rhodina is one of the most widely distributed endophytic fungi. This microorganism
produces an array of bioactive natural products, such as lasiodiplodin, inosin, p-hydroxyphenylethanol and ergosterol. In an
ongoing search for bioactive fungal metabolites, we discovered antimycobacterial activity against Mycobacterium tuberculosis in

the broth extract of B. rhodina PSU-M114, isolated from the leaves of Garcinia mangostana. We described herein the isolation
and characterization of seven metabolites isolated from the broth extract.

MATER'ALS AND METHODS The culture of the endophytic fungus RESUI.TS DISCUSS'ON

B. rhodina PSU-M114 was filtered to give two parts; the filtrate and wet mycelia. AND CONCLUSIONS:
The filtrate was extracted three times with an equal volume of EtOAc (300 mL). The

EtOAc extract was dried over anhydrous Na,SO, and then evaporated to dryness The investigation of the ethyl
under reduced pressure to give a brown gum (2.12 g). The EtOAc extract was acetate extract from the broth of the
separated by CC over Sephadex LH-20 to afford five fractions. Fraction 2 (1.12 g) endophytic fungus B. rhodina PSU
was separated by CC over silica gel to afford five subfractions. The second M114 led to the isolation of a new
subfraction yielded 2 (3.3 mg) and 6 (124.2 mg). The fourth subfraction (393.3 mg) carboxylic acid derivative (1) together
was separated by CC over silica gel to afford four subfractions. The second With six known compounds, (R)-(-)-
subfraction afforded 7 (130.3 mg). The third subfraction was separated by mellein (2), cis-4-hydroxymellein (3),
preparative TLC with 3% MeOH-CH,CI, (4 runs) as a mobile phase to afford 1 (9.3 frans-4-hydroxymellein (4), (R)-(-)-5-
mg). Fraction 3 (400.5 mg) was purified by CC over silica gel to afford 3 (1.7 mg) hydroxymellein  (5),  5,6-dihydro-6-
and 4 (1.2 mg). Fraction 4 (63.3 mg) was separated by CC over Sephadex LH-20 to propylpyran-2-one (6) and (4R, 65)-
tetrahydro-4-hydroxy-6-propylpyran-2-

o3 one (7).
P elucidated on the
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- METABOLITES FROM THE MARINE-DERIVED ]
FUNGUS NIGROSPORA SP. PSU-F12 2

Nanthaphong Khamthong!, Vatcharin Rukachaisirikul!, Souwalak Phongpaichit2, Sita Preedanon?, @
PERCH-CIC Nongporn Hutadilok-Towatana’ and Jariya Sakayaroj* o

1 Department of Chemistry and Center for Innovation in Chemistry (PERCH-CIC), Faculty of Science, Prince of
Songkla University, Hat Yai, Songkhla 90112, E-mail: nant.ph@gmail.com

2 Department of Microbiology, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112.

3 Department of Biochemistry, Faculty of Science, Prince of Songkla University, Hat Yai, Songkhla 90112.

4 National Center for Genetic Engineering and Biotechnology (BIOTEC), Thailand Science Park, Klong Luang,
Pathumthani 12120.

Abstract The ethyl acetate extract from the marine-derived fungus Nigrospora sp. PSU-F12, upon chromatographic separation,
afforded one new o-pyrone derivative (1) together with three known compounds, 3-isochromanone (2), (-)-drimenin (3) and
diketopiperazine derivative (4). Their structures were elucidated by analysis of spectroscopic data and comparison of the 'H and
I3C NMR data with those previously reported.

Introduction The secondary metabolites, for example, antifungal phomalactone, phytotoxic metabolite nigrosporins A and B
were isolated from the genus Nigrospora. The fungus Nigrospora sp. PSU-F12 was sampled from the gorgonian sea fan (Annella sp.)
which was destroyed after Tsunami disaster in the region of Similan islands in Southern Thailand. Its ethyl acetate extract exhibited
antibacterial activity against Staphylococcus aureus with a MIC value of 1,280 xg/mL and antioxidant activity in DPPH" assay with
a IC;, value of 1.53 mg/mL. Thus, we are interested in the isolation and structural elucidation of bioactive metabolites from this

fungus. Results, Discussion and Conclusion
Methodology The flask culture of the marine-derived The investigation of the ethyl acetate extract from the broth of

fungus Nigrospora sp. PSU-F12 (10.8 L) was filtered to separate the fungus Nigrospora sp. PSU-F12 led to the isolation of one new
into the filtrate and wet mycelia. The filtrate was extracted three o-pyrone derivative (1), together with 3-isochromanone (2), (-)-
times with an equal volume of EtOAc (300 mL). The EtOAc layer drimenin (3) and diketopiperazine derivative (4). Their
was dried over anhydrous Na,SO, and evaporated to dryness structures were elucidated by analysis of spectroscopic data.
under reduced pressure to obtain a dark brown gum (519.3 mg). AcknOW|edgementS

The crude EtOAc extract was separated by column 1. The Commission on Higher Education and The Thailand
chromatography (CC) over Sephadex LH-20 with MeOH to give Research Fund for Research Grant No. RTA5180007

four fractions. Fraction 2 (266.6 mg) was purified by CC over 2, Department of Chemistry, Faculty of Science and Graduate
sili ith a gradient system of MeOH-CH,Cl, to give four  School, Prince of Songkla for partial support.

Subfraction 1 (17.9 mg, eluted with 1% MeOH- 3, The Center for Innovation in Chemistry (PERCH-CIC)
purified by preparative TLC using 3% EtOAc-

und 1 (0.6 mg) was obtained after subjecting da
subfraction 2 4.4 mg, eluted with 1-2% MeOH-CH,Cl,) to 0
preparative TLC using 4% EtOAc-light petroleum as a mobile ‘
phase (9 runs). Subfraction 3 (58.3 mg, eluted with 2-8% MeOH- £l
CH,Cl,) was subjected to CC over silica gel with a gradient
system of MeOH-C]—*Cl2 to give 4 (1.2 mg)

]
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Chemical constituents from the roots of
Citrus hystrix
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Science, Prince of Songkla University, Hat Yai, Songkhla, Thailand, 90112
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| Introduction |

Citrus hystrix (family: Rutaceae), locally called “magrood”
is commonly cultivated in Southeast Asia. The preliminary test
of the crude acetone extract of its root has displayed moderate
antioxidant activity with IC5, 0.21 mg/mL (using DPPH’) and
anti-HIV activity with 1C5; 19.8 pg/mL. Therefore, this study
aims to investigate the chemical constituents from the acetone
extracl.

e e e e Y
1 Results |
- ————

The acetone extract of the roots of C. hystrix was subjected to
chromatographic purification to yield six known compounds as
two coumarins: xanthyletin (1) and seselin (2), two acridone
alkaloids: 5-hydroxynoracronycine (3) and baiyumine A (4), and
two benzene derivalives: xanthoxylin (5) and valencic acid (6).
All structures were elucidated using 1D and 2D NMR
spectroscopic data and comparison with those reported in the
literatures.
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1 Conclusion i

Two coumarins, two acridone alkaloids and two
benzene derivatives were isolated from the roots of
C. hystrix. All pure compounds will be further evaluated
for antioxidant and anti-HIV activity.
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Abstract: The investigation of the leaves of Garcinia prainiana using various chromatography
techniques afforded six known compounds: two flavanone glucuronides, naringenin 7-O-f- §
glucuronide (1) and eriodictyol 7-O-fglucuronide (2), three biflavonoids, GB-la (3),
morelloflavone (4) and amenthoflavone (5), and one triterpene, friedelin (6). Their structures
were elucidated by spectroscopic methods and comparison with the previously reported data.

Introduction: Garcinia prainiana  belongs to oH ©

Guttiferae family. It is distributed throughout the South 2

of Thailand. Its fruits are traditionally used for lowering - U 1:R=H

blood pressure. Based on SciFinder database, the . ) 2:R=0OH
investigation of G. prainiana has not been reported.

Therefore, we are interested in the isolation, purification S 1

and structure elucidation of compounds isolated from | 8y nuelt, J Haz) 3 Sy mult, J Hz) 5
the leaves of G. prainiana which was collected from 2 5.39 (dd, 12.6,2.7) [79.25| $5.33(dd,12.9,3.3) | 79.25
Narathiwat Province. 3 |a:3.7 @d, 17.1, 12.6)| 42.75 | a: 3.11 (dd, 17.4,12.9) | 42.76

Methodology: The crude methanol extract from the 7 UL ILALY B T L bRl ) T
leaves of G. prainiana was fractionated by column 12 B 103:58 : ' 10360
chromatography over Sephadex LH-20 to afford four 5 ) 163.80 F 165.65
fractions. The second fraction was subjected to column 6 6.23 (brs) 95.60 6.19 (d, 2.4) 96.75
chromatography using silica gel as a stationary phase to 7 - 165.73 - 165.71
obtain compound 6. The fourth fraction was purified by 8 6.19 (brs) 96.78 6.23 (d, 2.4) 95.65
column chromatography over reverse phase silica gel to 8a - 163.24 - 163.14
afford compounds 1-5. I - 129.51 c 130.19
Results, Discussion and Conclusion: = 732 (4, 80V RI0T'6E 69380xs) F1348
Investigation of the leaves of G. prainiana led to the > 6314, 8.4) 4 : 145,10
i o= v - _ . 4 - 157.64 - 145.52
isolation of naringenin 7-O-f-glucuronide (1), 5 6.81 (d, 8.4) 114.95 6.79 (4, 8.4) 114.91
eriodictyol ~ 7-O-B-glucuronide (2), GB-la (), [ ¢ 732 (d, 8.4) 127.68| 6.78 (dd, 8.4, 1.8) |117.91
morelloflavone (4), amenthoflavone (5) and friedelin (6). T 5.00 4, 7.2) 99.77 5.00 () 9975
Their structures were determined by analysis of [ 3n 3.80 (m) 76.23 350 (m) 76.22
spectroscopic data and comparison of the NMR data [ 4 3.50 (m) 73.07 3.50 (m) 73.06
with those reported in the literature. 5 3.80 (m) 72.04 3.50 (m) 72.04
Keywords: Garcinia prainiana, Biflavonoids, 6" 3.78 (d, 9.0) 75.28 3.78 (m) 75.26
Flavanone glucuronides, Triterpenes 7 - 182.00 ) 182.00
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. Metabolites From The Endophytic Fungus -~°
Botryosphaeria rhodina PSU-M35
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Introduction: The endophytic fungus B. rhodina PSU-
M35 was isolated from the leaves of Garcinia mangostana.
From previous investigation, various types of compounds
were isolated from the genus Botryosphaeria. Some of them
showed interesting biological activities such as
antibacterial primin, antiseptic mellein, phytotoxic 4-
hydroxymellein and antimicrobial lasiodiplodin. Therefore,
we are interested in the isolation and characterization of
metabolites from B. rhodina PSU-M35 and their antibacterial
activity against Staphylococcus aureus ATCC 25923 (SA)
and a clinical isolate of methicillin-resistant S. aureus
(MRSA).

Results, Discussion and Conclusion: The
chemical investigation of the ethyl acetate extract from the
culture broth of B. rhodina PSU-M35 led to the isolation of
four hew compounds, three dimeric ylactone (1-3) and one
hexahydroindenofuran (4), together with two known ones,
(3S,45)-(-)-4-acetyl-3-methyl-2(3H)-dihydrofuranone (5) and
dihydro-4-(hydroxymethyl)-3,5-dimethyl-2(3H)-furanone  (6).
Compounds 1-3 and 5-6 displayed no antibacterial activity

Methodology: The ethyl acetate extract of the
culture filtrate was fractionated by column
chromatography (CC) over Sephadex LH-20 to obtain
five fractions (A-E). Fraction B was purified by CC
over silica gel followed by CC over reverse phase
silica gel to afford four fractions (B1-B4). Fraction B2
was subjected to CC over silica gel and preparative
thin-layer chromatography (PTLC) to obtain 4 (0.7
mg). Fraction B3 was separated by CC over silica gel
to afford four fractions (B31-B34). Compound 2 (1.5
mg) was obtained from the first fraction after
purification by PTLC. Fraction B33 afforded 1 (4.3 mg)
and 3 (2.8 mgq) after purification by CC over silica gel.
Fraction D was separated by CC over silica gel to
afford 5 (13.6 mg) and 6 (7.8 mg). Their structures
were elucidated by spectroscopic methods.
Compounds 1-3 and 5-6 were tested for antibacterial
activity against SA and MRSA.

Keywords: Botryosphaeria rhodina, dimeric
lactone, hexahydroindenofuran

against SA and MRSA at the concentration of 200 .g/mL.
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! Ab I
stract

Four known coumarins: xanthyletin (1), seselin (2), crenulatin (3) and scoparone (4) were isolated from the crude acetone
extract of the roots of Citrus hystrix by chromatographic techniques. Their structures were determined by 1D and 2D NMR
spectroscopic data and comparison with those reported in the literatures.

T
| Introduction I : Table 1 Anti-cancer activity of xanthyletin and seselin
—_— e mm o omm ommoE=

Citrus hystrix (family: Rutaceae), locally called “magrood” is Activities (ug/ml) .

commonly cultivated in Southeast Asia. The preliminary test of the Compound Anti-cancer Cvtotoxici

X K R ytotoxicity
crude acetone extract of its root has displayed moderate anti- KB MCF.7 S|P NCLH187 ~
oxidant activity with 1Cs; 0.21 mg/mL (using DPPH') and anti-HIV il VaRiL R G L Ciotocts
activity with IC;, 19.8 pg/mL. Therefore, this study aims to o 2 - (3)24'13 AL 356‘22 166‘(1)2
investigate the chemical constituents from the acetone extract. lphcfn.e : - : .

Doxorubicine? 0.249 1.040 0.035 -
a Standard

e —Ce——— 12,13 e —w—

F————————1
I Methodoloa I

The roots of C. hystrix (2.59 kg) were cut up to small pieces,

45 310

dried at room temperature for two weeks and extracted with acetone
three times (each 15 litre for 7 days). The solvent was evaporated
under reduced pressure to give the crude extract (24.19 g) which was
subjected to QCC, eluting with hexane, acetone and methanol in a
polarity gradient to give ten fractions (A-]). Fraction C (464.1 mg)
was recrystallized from the mixture of acetone and hexane to afford

il

TH NMR in CDCl; 300 MHz.

! Compound 3 I

TH NMR in CDCl; 300 MHz.

I Compound 4 "

o]

4 10 5 4 9

A «
s P e m
1 10
Nor 0" o o ]

2 (305.8 mg). Fraction D (4.06 g) was recrystallized from the mixture
of acetone and hexane to give 1 (1.61 g). The mother liquor of
fraction D (1.70 g) was repeatly separated by CC and sephadex LH-

20 followed by PLC to provide 3 (10.5 mg). Fraction G (547.4 mg) s
was subjected to CC, sephadex LH-20, FCC and finally with PLC to i >l | s
afford 4 (13.9 mg). s 2 ‘A

I Roots of Citrus hystrix 2.59 kg

Acetone

I Crude Acetone Extract24.19¢g |
QcCcC

TH NMR in CDCl; 300 MHz. H NMR in CDCl; 300 MHz.
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I' Results and Discussion '
NN,

The acetone extract of the roots of C. hystrix was subjected
to chromatographic purification to yield four known coumarins:
xanthyletin (1), seselin (2), crenuletin (3) and scoparone (4). All
structures were elucidated using 1D and 2D NMR spectroscopic
data and comparison with those reported in the literatures.
Unfortunately, these known compounds didn’t show anti-oxidant
as in the crude extract. Surprisingly, xanthyletin and seselin
exhibited anti-cancer activity as show in Table 1. Furthermore,
xantyletin also display cytotoxicity and anti-HIV are investigating.

Multi-Culture ational Reseach Un Technology Prov-
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Introduction and Objective:

The Microsphaeropsis genus is a rich source of bioactive
compounds such as antibacterial microsphaerins A-C,
antimycobacterial, antiplasmodial and cytotoxic preussomerins
E-l and antibiotic TAN-1496s A-E. We described herein the
isolation and characterization of metabolites isolated from the
endophytic fungus Microsphaeropsis arundinis PSU-H18.

Results, Discussion and Conclusion:

The investigation of the ethyl acetate extract from the
endophytic fungus M. arundinis PSU-H18 led to the isolation of
one new modiolin derivative (1) and three new phthalide
derivatives (2-4) together with five known compounds; modiolin
(5), sclerin (6), 7-methoxy-3,4,5,6-tetramethylphthalide (7),
deoxycyclopaldic acid (8) and sclerotinin A (9). Their structures
were assigned by spectroscopic method.

Materials and Methods:
The culture of the endophytic fungus M. arundinis PSU-H18 was

filtered to give two parts: the filtrate and mycelia. The filtrate was
extracted with EtOAc and the resulting EtOAc layer was evaporated
to dryness under reduced pressure to give the crude EtOAc extract.
The wet mycelia were extracted with MeOH. The MeOH extract was
concentrated under reduced pressure and H,0 was then added. The
aqueous MeOH layer was washed with hexane and then extracted
with EtOAc. The EtOAc extract was evaporated to dryness under
reduced pressure to give the crude EtOAc extract. Both crude
EtOAc extracts were combined because they showed similar 'H
NMR signals. The combined extracts (6 g) were separated by CC
over Sephadex LH-20 using MeOH to yield four fractions (A-D).
Fraction B (950.0 mg) was further purified by silica gel CC using a
gradient of MeOH-CH,Cl, to give eight subfractions (B1-B8).
Subfraction B2 (20.2 mg) was subjected to silica gel CC using a

OH O gradient of EtOAc-light petroleum to give 1 (1.7 mg), 2 (3.9 mg) and
HyC . 3 (1.4 mg). Subfraction B3 (70.7 mg) was purified using the same
method as fraction B to afford ten subfractions (B3a-B3j).
H;C o Subfraction B3g was subjected to precoated TLC using 50%
1:R{+Rp=0 CHy CHy chloroform in light petroleum as a mobile phase (10 runs) to afford
5:Ry=H, Ry =OH 6 9 4 (2.3 mg) and 5 (3.2 mg). Fraction C (4.6 g) was purified using the
position 1 same method as fraction B to give fourteen subfractions (C1-C14).
&, (mult., J,,) & (Type) HMBC Subfraction C1 con?ajlned 6 (429.0- mg). Subfractlon C3 (290.0 mg)
Correlation was separated by silica gel CC using a gradient of acetone-CH,CI,
1 _ 166.49 (C=0) _ to give six subfractions (C3a-C3f). Subfractions C3b (45.0 mg) and
2 5.49 (d, 11.4) 116.13 (CH) C-1,C-4 C3c (110.2 mg) were further purified using the same method as
3 6.44 (t, 11.4) 144.83 (CH) C-1,C-4, C-5 fraction _C to afford 7 (4.5 mg) a.nd 8 (15.0_ _mg), respect_ively.
4 7.28 (dd, 15.0, 11.4) 127.65 (CH) C-3,C6 Subf_ractlon C5 (500.1 mg) was subjected to silica gel CC using a
5 5.91 (dt, 15.0, 7.2) 143.98 (CH) C-3,C-6, C-7 gradient of MeOH-CH,CI, to give 8 (25.1 mg).
6 2.12 (m) 32.24 (CH,) C-4,C-5,C-7,C-8 2R, TR =.z‘.,0\9/8H3 - /\o EHy Ry = H
7 1.64 (qn, 7.2) 22.69 (CH,) C-5,C-6,C-8,C-9 o &
8 2.35(t,7.2) 42.81 (CH,) C-6,C-7,C9 3:Ry=H,R,=% " ° R;=CHO, Ry = CH,
9 5 209.46 (C=0) |- ) 00 CHy o oo Bn oo
10 [2.04(s) 29.95 (CH,) C-7,C-8,C-9 4Ry = CHy, Ry =% +Re=% om
1 4.09 (q,7.2) 59.87 (CH,) C-1,C-12 7:R;=R,;=R3=R;=CH;
12 1.20 (t,7.2) 14.28 (CH,) c-11 8: R, = CHy, R, = R, = H, Ry = CHO
position 2 3 4
&y (mult., J,,) & (Type) &y (mult., J,,) & (Type) & (mult., J,,) S (Type)
1 - 167.27 (C=0) |- 165.00 (C=0) |- 167.00 (C=0)
6.16 (s) 100.45 (CH) [6.52 (s) 99.02 (CH) [6.17 (s) 99.56 (CH)
3a - 143.30(C) |- 157.25(C) |- 142.60 (C)
4 - 113.58 (C) |- 111.44 (C) |- 112.36 (C)
5 - 162.91 (C) |- 162.85(C) |- 161.92 (C)
5-OH 8.96 (s) - - - 8.70(s) -
6 5 122.48 (C) |- 121.78 (C) |- 121.62 (C)
7 2 158.82 (C) 167.01(C) |- 158.00 (C)
7-OH 5 5 12.25 (s) 5 5 c
7a 5 110.00 (C) |- 111.44 (C) |- 109.17 (C)
9 a: 3.90 (dg, 9.3, 7.2) |65.75 (CH,) |a: 4.06 (dg, 10.0,7.5) |65.92 (CH,) |a: 3.91 (dg, 9.3, 7.2) |64.94 (CH,)
b: 3.78 (dg, 9.3, 7.2) b: 3.92 (dg, 10.0, 7.5) b: 3.79 (dg, 9.3, 7.2)
10 1.30 (t,7.2) 15.97 (CH,) |1.36 (t, 7.5) 1512 (CH,) |1.30(q,7.2) 15.09 (CH,)
1 a: 4.85 (d, 13.2) 68.15 (CH,) [10.12 (s) 191.84 (CH) |a: 4.81 (d, 12.9) 69.24 (CH,)
b: 4.70 (d, 13.2) b: 4.66 (d, 12.9)
12 . 5 4.23 (s) 62.96 (CH,) |- c
13 3.67(q,7.2) 67.80 (CH,) |2.19 (s) 8.06 (CH;)  |3.50 (s) 58.72 (CH,)
14 1.30 (t,7.2) 15.80 (CH,) |- 2.16 (s) 8.49 (CH,)
15 2.16 (s) 9.36 (CH,) |- 5 4.04 (s) 62.15 (CH,)
Culture of M. arundinis PSU-H18 |4 4.03 (s) 63.01 (CH,) |- R N R
Keywords: Acknowledgements:

Microsphaeropsis arundinis, modiolin, phthalide, sclerin, sclerotinin 1
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Bioactive Metabolites from Endophytic Fungi Isolated
from Garcinia Plants

Vatcharin Rukachaisirikul
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Songkla University, Hat Yai, Songkhla 90112, Thailand

Abstract

Plants of the genus Garcinia are encountered mainly in tropical rainforests and have been used in
traditional medicines for wound healing, antibacterial and cytotoxic activities. Our research work on
the discovery of bioactive substances from Garcinia plants distributed in the southern part of Thailand
led to the isolation of various types of compounds, for example, benzophenones, benzopyrans,
biphenyls, depsidones, isocoumarins, phloroglucinols, quinones, and xanthones. Some of them
exhibited potential antibacterial, anti-HIV 1 and antioxidant activities.

Endophytic fungi are an important source of a variety of metabolites with novel structures and
interesting biological activities. Moreover, some fungal endophytes produced bioactive compounds
previously isolated from higher plants. In connection with our research program on the isolation of
bioactive substances from Garcinia plants, many endophytic fungi were isolated from these plants
and screened for their ability to produce bioactive metabolites, especially antibacterial and antifungal
compounds against human pathogens. This presentation will highlight our work on metabolites

isolated from fourteen Garcinia-associated fungi and their biological activity.

Keywords: Endophytic fungi, Garcinia plants, Bioactive metabolites.



Chromones and anthraquinones from the marine-derived -
fungus Trichoderma sp. PSU-F95
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bstract The investigation of the broth extract from the marine-derived fungus Trichoderma sp. PSU-F95 afforded two chromones, aloeson:

1) and 2-(2'S-hydroxypropyl)-5-methyl-7-hydroxychromone (2), and two anthraquinones, pachybasin (3) and isorhodoptilometrin (4). Th

structures were determined by analysis of spectroscopic data. Compound 4 exhibited moderate antibacterial activity against methicillin-resista
taphylococcus aureus with a MIC value of 16 yg/mL.

Introduction The marine-derived fungi in the genus Trichoderma produces many types of bioactive metabolites such as anti-mycobacterial
aminolipopeptide trichoderins, antifungal trichodermaketone A and cytotoxic dipeptide trichodermamide B. These fungal metabolites hav
drawn attention from chemists to further investigate bioactive compounds from fungi in this genus. The marine-derived fungus Trichoderma sp
PSU-F95 was isolated from a gorgonian sea fan (Annella sp.). Its broth ethyl acetate extract was active in antibacterial assay agains|

taphylococcus aureus (SA) and methicillin-resistant SA with the MIC values of 160 and 320 xg/mL, respectively. This prompted us to chemicall

nvestigate bioactive compounds from this fungus.

| ethodolog‘y The flask culture was filtered to separate filtrate from wet mycelia. The filtrate was extracted three times with an equal
olume of EtOAc. The combined EtOAc layer was dried over anhydrous Na,SO, and evaporated to dryness under reduced pressure to give &
dark brown gum (640 mg). The extract was separated by column chromatography (CC) over Sephadex LH-20 to afford five fractions (A-E
Fraction B was further purified by CC over reverse phase silica gel to give 1 (3.6 mg) and 2 (3.9 mg). Purification of fraction C was performec
sing the same procedure as fraction B to afford 4 (4.9 mg). 3 (5.7 mg) was obtained after fraction D was applied to CC over reverse phase silics

oel and subsequent preparative TLC.
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Results, Discussion and Conclusion The broth

ethyl acetate extract from the fungus Trichoderma sp. PSU-F95, upon

chromatographic separation, yielded two chromones, aloesone (1) and

2-(2'S-hydroxypropyl)-5-methyl-7-hydroxychromone (2), and two

anthraquinones, pachybasin (3) and isorhodoptilometrin (4). Their

structures were elucidated by spectroscopic data and comparison

with those previously reported in the literature. Compound 4 showed

moderate antibacterial activity against SA with the MIC value of 16

pg/mL.
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Abstract:

Investigation of the ethyl acetate extract from the culture broth of the unidentified endophytic fungus
PSU-G3 led to the isolation of one new a-pyrone derivative (1) together with six known compounds,
rosellisin (2), cladobotrin VI (3) and novae-zelandin A (4), Sch 725674 (5), indole 3-acetic acid and 4-
hydroxyphenylacetic acid. The structures were determined by analysis of spectroscopic data, especially
1D and 2D NMR spectroscopic data.

Introduction:

In our ongoing search for bioactive fungal
metabolites, we discovered that the ethyl acetate
extract from the culture broth of the unidentified
endophytic fungus PSU-G3 exhibited
antioxidation activity with IC,, values of 0.14 (DPPH)
and 0.92 (O,~) mg/mL. Moreover, the 'TH NMR profile
showed the presence of aromatic and olefinic
protons. Therefore, we are interested in the isolation
and structural elucidation of antioxidant metabolites.

Results, Discussion and Conclusion:

One new a-pyrone derivative (1), together with three known compounds: rosellisin (2), cladobotrin VI
(3), novae-zelandin A (4), indole 3-acetic acid and 4-hydroxyphenylacetic acid, were obtained from the
ethyl acetate broth extract of the unidentified endophytic fungus PSU-G3 while one known compound
(5) was obtained from the mycelial extract . Their structures were assigned by spectroscopic method.

interesting

Materials and Methods:
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Introduction

Seagrasses are marine flowering plants growing in estuaries and shallow waters. They are important components for primary production
and ecosystems (Sieber, 2007). Rich seagrass beds have been found in Trang province, Thailand (Adulyanukosol et al., 2007).

Endophytic fungi are fungi that colonize in plant tissue without causing any symptom. They may play an important role in host
protection against pests (Vidal et al., 2006). Furthermore, several reports have shown the antimicrobial potential of endophytic fungi against
pathogenic microorganisms (Huang et al., 2001, Phongpaichit et al., 2006, Paul et al., 2007). However, endophytic fungi from seagrasses have
been rarely studied, with few reports (Wilson, 1998; Alva et al., 2002). Therefore, endophytic fungi from seagrasses might be a new source for

a novel antimicrobial natural products.

Objectives

1. To isolate endophytic fungi from seagrass Enhalus acoroides from Trang province, Thailand
2. To primary screen for antimicrobial metabolites from endophytic fungi against human pathogenic microorganisms

Materials and Methods

Seagrass sample collection

E. acoroides samples were randomly
collected from Trang Province every month
for a period of one year. The samples were
identified as E. acoroides according to their
morphology.

Fungal isolation

Endophytic fungi were isolated from
surface-sterilzed leaves, roots and rhizomes
of E. acoroides into axenic culture. All
isolates were grown on PDA and kept at RT
until use.

Extract preparation and Antimicrobial assays

Fermentation broth (PDB at RT, 3-4 weeks

Fungal mycelium

Culture filtrate

EtOAc x3 MeOH 2 days

Hexane x2

10%EOH  3%Clorox  10%EtOH  DW
(3min) (10sec) (3min)

BE ( Broth EtOAc)

* Test microorganisms:

* Gram-positive bacteria (S. aureus and
methicillin-resistant S. aureus, MRSA)

+ Gram-negative bacteria (E. coli and P.
aeruginosa)

* Yeasts (C. albicans and C. neoformans)

* Filamentous fungi (M. gypseum and P.
marneffei).

» Screening test at 200 pg/ml by colorimetric
broth microdilution test.

* Minimum Inhibitory Concentrations (MICs)
and Minimum Bactericidal Concentrations
(MBCs) or Minimum Fungicidal
Concentrations (MFCs) by the same
colorimetric broth microdilution.
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A total of 47 endophytic fungi were isolated from seagrass

E. acoroides. One hundred and sixteen out of 136 extracts

(85.3 %) from 39 fungal isolates (83.0 %) exhibited antimicrobial
activities against at least one pathogen. Most of the extracts
were active against yeasts, followed by filamentous fungi,
Gram-positive, and Gram-negative bacteria, respectively (Fig 1).
The endophytic fungus Nigrospora PSU-ES5 (Fig 2) produced
the best active extracts with MIC values less than 10 pg/ml. Its
CH and BE extracts had the strongest activity against M.
gypseum (MIC 4 and 8 ug/ml, MFC 8 and 8 pg/ml), respectively
(Table 1).

CH(45) “
CE(44) H

D Gram-positive bactoria B Gram-negative bacteria B Yeasts & Filamentous fungi

Figure 1. Percentages of active fungal crude extracts (200pug/ml)
against test microorganisms

Table 1. Antimicrobial activity of extracts
from Nigrospora sp. PSU-ES5

MIC/MBC or MFC (ug/ml)
Fungal code

ES5
ES5

Conclusions

* Endophytic fungi from E. acoroides had a great ability to
produce antimicrobial metabolites.

* Crude extracts (CH) showed the most activity against human
pathogenic microorganisms.

* Nigrospora sp. PSU-ES5 produced the best active extracts.
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Methicillin-resistant Staphylococcus aureus (MRSA) is one of the most important hospital-
associated pathogens. In recent years MRSA has also become an important cause of disease in people
in the community. Moreover, It is resistant to f-lactam antibiotics, including penicillin, methicillin,
and cephalosporins. Hence, there is a need to discover new classes of antibiotics to treat infection with
MRSA.

Plants of the genus Garcinia are encountered mainly in tropical rainforests and have been
used in traditional medicines for wound healing, antibacterial and cytotoxic activities. They have
produced an abundance of biologically active and structurally interesting natural products. Our
research work on antibacterial metabolites against MRSA from Garcinia plants led to the isolation of
potent antibacterial substances. The discovery of taxol, an anticancer drug from the endophytic fungus
Pestalotiopsis microspora isolated from the yew tree Taxus wallichiana, draws our interest to search
for antibacterial compounds produced by fungal endophytes in Garcinia plants. In addition, we are
interested in marine-derived fungi as they are also rich sources of structurally unique and biologically
active secondary metabolites. This presentation will focus on antibacterial activity against MRSA of
the metabolites from Garcinia plants, and Garcinia-associated and sea fan-derived fungi.
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Infroduction and Objective

The ethyl acetate extracts from the culture broth of the marine-derived fungi
Nigrospora sp. PSU-F5 and PSU-F18 isolated from a sea fan of the genus Annella sp.
exhibited antibacterial activity. Thus, we are interested in the isolation and structural elucidation
of antibacterial metabolites.

Methods

The culture of each fungus was filtered to give the filtrate and mycelia. The fiitrate
was extracted with ethyl acetate. Each crude extract was separated using Sephadex LH-20
column chromatography. Selected fractions were further purified by column chromatography
and/or preparative thin-layer chromatography to obtain six new compounds (1-6) and six
known ones (7-12). The isolated compounds were evaluated for antibacterial activity against
Staphylococcus aureus (S4) and methicillin-resistant S. aureus (MRSA).

Results

The investigation of the broth extract from the marine-derived fungus Nigrospora sp.
PSU-F5 led to the isolation of two new epoxydons (1 and 2) and one new pyrone derivative
(3) together with three known compounds (8-10). Three new pyrones (4-6) along with three
known ones (7, 11 and 12) were obtained from the broth extract of Nigrospora sp. PSU-F18.
C0'“POund § exhibited the besLaetlvﬂy with a MIC value of 128 pg/mL against both strains.

@)Ri=OH,R;=H
@R +R:=0 Hy
”’C (5)R, = OCH;, R, = OH
Hi (6) R, = NHCH,CH,OH, R, = OH
® R ()R =OCH;, R, =H
O)R= 3“ (10 (11) a2
Conclusion

il Six new fungal metabolites (1-6) together with six known compounds (7-12) were
%rated from the marine-derived fungi Nigrospora sp. PSU-F5 and PSU-F18. Their structures
¢ assigned by spectroscopic methods. Compound 5 showed mild antibacterial activity.
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