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Abstract

Marine fungi have been convincing as a promising source of bioactive natural
compounds with diverse and complex chemical structures. This research aims to explore
the potential of Thai marine fungi as producers of novel and useful bioactive metabolites
that might have potential as lead compound against infectious diseases or agricultural

fungal diseases.

The fungal strain BCC 25093, isolated from an unidentified mangrove wood, was
identified as a member of the order Pleosporales. This fungus was found to produce five
new spirodioxynaphthalenes, palmarumycins P,-P5. Palmarumycin P, showed antimalarial
activity against Plasmodium falciparum K1 with an ICgs, value of 2.36 ug/ml, and exhibited
antituberculosis activity against Mycobacterium tuberculosis H37Ra with a MIC value of 1.56

pg/ml. Cytotoxicity to Vero cells was observed for this compound with IC5, = 0.79 ug/ml.

Study of the large scale fermentation of Astrosphaeriella nypae BCC 5335, isolated
from Nypa fruticans, led to the isolation and structure elucidation of three new compounds,
astronypyrone, astronyquinone, and astronyurea, together with four known compounds. The
known compound, dimethoxy-O-methylpulvinone, displayed antimalarial activity with I1C5, =
5.7 pg/ml. Astronyquinone showed weak antituberculosis activity with MIC = 50 pg/ml, and

exhibited cytotoxic activity against Vero cell lines with IC5y = 17.4 pg/ml.

Two new trichothecenes and a new chloroderivative of a trichothecene analogue
together with four known trichothecenes were isolated from the fungus Acremonium
crotocinigenum BCC 20012. A new trichothecene, 7-dehydro-8-dehydroxytrichothecinol B
showed antimalarial activity with an IC5, value of 3.28 ug/ml, and displayed cytotoxic activity

against Vero cell lines with an ICs, value of 11.37 ug/ml.

Chemical investigation of the fungus Nemania maritima BCC 64093 led to the
isolation and identification of 9 new and 4 known eremophilanes. Of these, 11 compounds
were evaluated for biological activities, but they are all inactive against Plasmodium
falciparum K1, Bacillus cereus and Enterococcus faecium.

It has been demonstrated that Thai marine fungi are rich sources of novel natural
products with interesting chemical structures and biological activities. Therefore, futher study
on utilization and discovery of potential bioactive compounds from this bioresource become

indispendable.



Executive Summary

1. Introduction to the research problem and its significance

Infectious disease such as malaria, tuberculosis, and other bacterial infections Kkill
more than 2.5 million peoples a year. It increases clinical and therapeutic problems due to
widespread and intensification of multi-drug resistance. Accordingly, the discovery of new
chemical entities as lead or drug candidates to combat these infectious diseases is

indispensable.

Rice and chilli are two major crops that are economically important to our country.
The widespread of plant pathogenic fungi which cause rice blast, rice dirty panicle, and chili
anthracnose diseases, can decrease seriously the quality and quantity of rice and chilli
productions, resulting in an economic loss. Therefore, potential bioactive compounds which
can be further developed as environment-friendly agrochemical, might be an alternative for

Thai agriculture to fight against these plant pathogenic fungi diseases.

Convincing by chemical and pharmacological importance of marine fungal
metabolites, our research project will be focused on this resource. In BIOTEC Culture
Collection (BCC), 5,000 strains from at least 220 genera of marine fungi have been
deposited and preserved. Of these fungal strains, many of them are rare species. Therefore
with our unique, diverse, and valuable resource, we expect to find new bioactive
metabolites, which might serve as lead compounds for further utilization in therapeutic and
agricultural approaches. Moreover, this research will also add value to Thai marine fungi

and bioresources.

2. Objectives

- To explore the potential of marine fungi as producers of new secondary
metabolites with unique and diverse chemical structures.

- To find potential bioactive compounds, which might serve as lead compounds in
drug discovery process or agrochemical development.

- To add up value for Thai marine fungi and biodiversity.



3. Methodology
3.1. Selection of candidate strains from the 1" screening

- Selection based on biological activity data

The crude extracts of marine fungi (approx. 10-20 strains/month) cultured in 6
different fermentation conditions (25 ml), will be evaluated for in vitro biological activities
including anti-bacterial activity, and anti-fungal activity against plant disease pathogens
(e.g. Curvularia lunata, Colletotrichum capsici and Colletotrichum gloeosporioides). The
fungal strains, that give good results on biological activities, will be the candidates for large

scale fermentation.

- Selection based on HPLC profile data

From the previous study, 67 strains of marine fungi selected based on diversity were
fermented in 8 different culture media (25 ml) under static condition. Thereafter, 35 strains
of these 76 strains were further evaluated in additional 7 modified media. The crude extracts
were subjected to HPLC analyses. The fungal strains, that gave good HPLC profile
(containing several interesting peaks and excluding compounds in our chemical library), will

be the candidates for large scale fermentation.

3.2. Fermentation, Extraction, and Isolation

The selected strains will be cultured in liquid media (5-20 1), and then extracted with
organic solvent. The crude extracts will be purified by chromatographic method (e.g.
sephadex column chromatography, silica gel column chromatography, and HPLC) in order
to obtain pure compounds. Structures of isolated pure compounds will be elucidated based

on mass spectrometry (MS) and nuclear magnetic resonance (NMR) spectroscopic data.

3.3. Evaluation of biological activities

Pure compounds will be evaluated for in vitro biological activities e.g. anti-malarial
activity (against Plasmodium falciparum), anti-TB anti-malarial activity (against
Mycobacterium tuberculosis), anti-bacterial activity (against both gram-negative and gram-
positive strains), and anti-fungal activities (against Colletotrichum capsici, and C.
gloeosporioides causing chilli anthracnose disease; against Curvularia lunata causing rice
dirty panicle disease; and against Alternaria brassicicola causing black spot disease in most

Brassica species).



3.4. Media optimization of potential strains and chemical analyses

Three fungal strains, whose large scale fermentations yield metabolites with
interesting chemical structure and/or biological activity, will be selected for media
optimization (with at least 15 culture conditions/strain). Large scale fermentation in the
optimized media that give promising result (several additional new peaks in HPLC profile

and/or stronger biological activity) will be further chemical investigated.
4. Results and Discussion
4.1. Isolation and structure elucidation of bioactive compounds

4.1.1. Spirodioxynaphthalenes from the fungal strain BCC 25093

The fungal strain BCC 25093, isolated from an unidentified mangrove wood, was
identified as a member of the order Pleosporales. This fungus was found to produce five
new spirodioxynaphthalenes, palmarumycins P,—P5 (Figure 1.) and previously described
decaspirones A and C, palmarumycins CP5, CP,, CP4;, CR4, and M,, and a known diaryl
ether. Palmarumycin P, showed antimalarial activity against Plasmodium falciparum K1 with
an IC5, value of 2.36 ug/ml, and exhibited antituberculosis activity against Mycobacterium
tuberculosis H37Ra with a MIC value of 1.56 pg/ml. Cytotoxicity to Vero cells was observed

for this compound with an ICs, value of 0.79 ug/ml.

00 N
“ OCH3

palmarumycin P, palmarumycin P, palmarumycin P5 palmarumycin P, palmarumycin Pg

Figure 1. Structures of palmarumycins P,—Ps.

41.2. A pyrone, naphthoquinone, and cyclic urea from the marine-derived fungus

Astrosphaeriella nypae BCC 5335

Study of the large scale fermentation of Astrosphaeriella nypae BCC 5335, isolated
from Nypa fruticans, led to the isolation and structure elucidation of three new compounds,
astronypyrone, astronyquinone, and astronyurea, together with four known compounds,

xestodecalactones A and B, ent-coryoctalactone B, and dimethoxy-O-methylpulvinone



(Figure 2.). The known compound, dimethoxy-O-methylpulvinone, displayed antimalarial
activity with an 1C5, value of 5.7 ug/ml. Astronyquinone showed weak antituberculosis with a
MIC value of 50 pg/ml, and exhibited cytotoxic activity against Vero cell lines with an ICy4,

value of 17.4 pg/ml.

CHj CHs
HoO o . —
98 g
@] O
HO I OCH3 (@) HCHs
astronyquinone astronyurea

dimethoxy- O-methylpulvinone

Figure 2. Structures of astronypyrone, astronyquinone, astronyurea, and a known

dimethoxy-O-methylpulvinone.

4.1.3. Trichothecenes from the fungus Acremonium crotocinigenum BCC 20012

Two new trichothecenes and a new chloroderivative of a trichothecene analogue
(Figure 3.) together with four known ftrichothecenes, crotocin, trichothecin, 8-
deoxytrichothecinol B, and a trichothecene analogue, were isolated from the fungus
Acremonium  crotocinigenum BCC 20012. A new trichothecene, 7-dehydro-8-
dehydroxytrichothecinol B showed antimalarial activity with an I1C5, value of 3.28 pg/ml, and
displayed cytotoxic activity against Vero cell lines with an IC5, value of 11.37 ug/ml. Among
the tested metabolites, a known trichothecin showed strongest antimalarial activity against
Plasmodium falciparum K1, and cytotoxic activity against Vero cell lines with IC5, values of

0.05 and 0.13 pg/mL, respectively.
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Figure 3. Two trichothecenes, a chloroderivative of a trichothecene analogue and a known

trichothecin.

4.1.4. Eremophilanes from the fungus Nemania maritima BCC 64093

Chemical investigation of the fungus Nemania maritima BCC 64093 led to the
isolation and identification of 9 new (Figure 4.) and 4 known eremophilanes. Of these, 11
compounds were evaluated for biological activities including antimalarial (against
Plasmodium falciparum K1), and antibacterial (against Bacillus cereus and Enterococcus
faecium) activities. Unfortunately, they were inactive for all assays. Only two compounds

showed weak cytotoxic activity against Vero cell lines.
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Figure 4. Structures of nine new eremophilanes.

4.2. Media optimization of potential strains and chemical analyses

Media optimization of three fungal strains including Trimmatostroma sp. (AK0101),

Astrosphaeriella nypae (SPP27-1), and Platystomum scabridisporium (SAT01364), have



o

been investigated. Of these, only one fungus, Trimmatostroma sp. (AKO0101), gave
interesting result. lts HPLC profiles in solid media provided peaks that are different in
retention times and UV spectra to those observed in the liquid media (including the original
medium, LL). Therefore, large scale fermentation of this fungus in a solid medium will be

further studied and compared with the result obtained from a liquid medium LL.

5. Conclusion

Chemical investigation of four fungi, including the fungal strain BCC 25093
belonging to the order Pleosporales, the marine-derived fungus Astrosphaeriella nypae BCC
5335, the fungus Acremonium crotocinigenum BCC 20012, and the fungus Nemania
maritima BCC 64093, led to the isolation and structure elucidation of 20 new and 20 known
compounds. Among isolated new secondary metabolites, a new spirodioxynapthalene,
palmarumycin P4, from the fungus BCC 25093 showed antimalarial activity, antituberculosis
activity, and cytotoxicity to Vero cells with IC5y = 2.36 pg/ml, MIC = 1.56 ug/ml, and IC5, =
0.79 pg/ml, respectively. A new naphthoquinone, astronyquinone, from Astrosphaeriella
nypae BCC 5335 exhibited weak antituberculosis activity with a MIC value of 50 ug/ml,
while a new trichothecene, 7-dehydro-8-dehydroxytrichothecinol B, from Acremonium
crotocinigenum BCC 20012 showed antimalarial activity with an IC5, value of 3.28 ug/ml,

and displayed cytotoxic activity against Vero cell lines with an IC5, value of 11.37 ug/ml.

6. Future plan

Large scale fermentation of Trimmatostroma sp. (AK0O101) in a rice (+ salt) medium
will be chemically investigated and compared with that in a LL liquid medium. More marine
fungal strains will be screened and explored for their potency to produce bioactive
secondary metabolites. Some selected groups of marine fungi such as mangrove

endophytic fungi and fungi associated with algae and corals will be focused.
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3M) LAz TG G8a1 ICs, fighann fe A 53, 34 uaz 72 nM audAL>

- pestalone Lilua13lungu benzophenone 713 chiorine iuasdsznay wonldanm
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Lo & & ' & A Y !
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- pycnidione (e bistropolone-sesquiterpene %dLLUﬂﬁ]’mL%a‘i’l Phoma sp. lapi
13318971137 pycnidione mmsnﬁ'uﬁzamumnmaa [-casein lag stromelysin A8IAN ICsp 31
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3.1.1 mnmsﬁnmn’au%ﬁwﬁlﬁmﬁ'umsﬂ'wmqmmmsém%’umim‘%zyLLa:msa‘i”’mmim
sualarindogfvesmza  elildamnsiinunzay 3 sfledmiudufugiulunmsda
nmasmnuafihauwlidwiudwmmsaangninedimwassmisU jiansiseninens

Finw gudnugiainisuuazinaluladTinmwuiana Taglddaideniandnsnidudaunn
I 76 MUWUT Boaluams 25 mL Fedunssensuauuaslulasiaudns 9 1w 8 ofia Tu
anzliagn vnmsananzaiaesle (ﬁy'admmaﬁua:mmﬂﬁmL%a‘nmLﬁwﬁmﬁu) A
f¥nazany EtOAc + 0.01% acetic acid (25 mL) shdiuavinazateduwnIdunseina i
MNIUaEANBEI8E9Ts MeOH (flawduds 10 mg/ml) wdvinnsaadas  injection
volume 5 pL LaLILATIERG e high performance liquid chromatography (HPLC) lagldnaaut
Purospher® RP-18 endcapped (3 pym) LiChroCART® 55-2 ﬁqmwﬂ“ﬁ 35 adaalSug |4
mobile phase fa H,O + 0.01% formic acid (solvent A) uaz CH3;CN + 0.01% formic acid

(solvent B) laslaaTa11ua9 mobile phase G9613199 2

ANT19N 2. 8ATIEIUVBS mobile phase NlTILATIZAG18E1971IFNAGE HPLC

Time (min) Flow rate Solvent A (%) Solvent B (%)
(mL/mim)
0 0.5 100 0
10 0.5 0 100
12.2 0.5 0 100
12.3 0.5 100 0
15 0.5 100 0

rmstufindayadis Photodiode array detector 1a31817AR% 190-600 nm lay
UIUBY peaks (N 210 nm) TINNT UV spectrum UaSEIULHALITES peaks ﬁmausl,aa:gﬂ
o a & ~ ~ [ A Y A v v v a A &
andlensd  wandSoufsunuaniniesusnle Lwalmﬂwagahmm@aﬂaLaaﬂL°1ja5'1
{ U Ar a 1 { et ] v 1
nziaNzhanansLazdumanseangnishalnaings linsusnldunan

6 A

3.1.2 mﬂﬁquauﬁﬁﬁﬁm’mm’m%mﬂmoéf'ma%mw%’mﬂs:mm 200 msﬁuf vLﬁE]ﬂ

ldiRssluamisuazan1izens 9 nw s 25 mL MmsEnansaNiaes b (nisn
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LTRALALEIANTLALITaTINTNAI8AY) A28@azae EtOAC + 0.01% acetic acid (25 mL)
st o a v v o Qs { v Qg $
auarnazasdunidunszne i dhasanen leunagaugnINeTInw SITINd4
Qf U dlq’ 1 v Aa = [ U a Q€°/ g; d‘i/
ansduwdanneliialsalune wu lsaluludludn Tsavauunsalualunwdn gnidusaae

I r r aa g, © eWMe o
ATy @edlIn wanuaziTaunuafiisenalsa uaﬂmﬂummaamiaﬂ@mvl.@gﬂmmm
MIRAURZILATIER A high performance liquid chromatography (HPLC) lagld condition 71

v v v A( 1
nanludedu  dayaain HPLC uazkamInageugninadinw axlidulunmafanay

w e A4 X do X <
wufizanazh ldidsslusmenlngiwneusnmansaangnde |y
3.2 mIasdiTaluvwiavens (large scale fermentation)

MMaziTanNaalianuke1n1Iuds (PDA: Potato dextrose agar)i = 25 °C
& v A o Ada a & 2 o A = Al =
nnuwinIdafuiunineiyueateswia 1 x 1 cm (3w 4 wia 8 Tu) Wlvwaldn
9 laadlu Erlenmeyer flask 1%1a 250 mL ($1%3% 4 %3a 8 flasks) Taluudas flask o113
|89l PDB (Potato dextrose broth) lut/Suna 25 mL wasannyinmstaluaniiziven u
81 4-7 % (LLﬁ?LLGiﬂ’]SLﬁ]%E}JUL@UI@%QGL%@LL@M&’]WT%‘E:) nsaneraudas flask (25 mL)
89l% Erlenmeyer flask 1@ 1 L T9821915i88918 PDB ludSanmw 250 mL (312w 4 %30
8 flasks) nasanuu msduluanizidy una 4-7 T dmsdodedlann 9 25 mL
4 [ @ 1] . . 4
adlu Erlenmeyer flask 1#1a 1 L T9danmsideaiBafinancan (production medium G91iln
A A ) Ao a a o & a o o A&
sRadsinuaaniaaiion) wiSanm 250 mL vimstudaluannzideinunuaauiiaes
YNNI IRTUAALRENTET D99z laUSunanTandnua 10 #38 20 L livayinmsanauazuan
da'ld

v a

@ v a £ A
3.3 miaﬂ@LLazLLsmm{lmmqmmmﬂuﬂmﬂmwﬂ@mﬂw
3.3.1 NIANA

NN NEI UYL TDURITAS SNEIWVBIINTRDITE WNETAdIY
EtOAG (#2853 A TN UALmMISIAL91E8) $1547% 3 039 WS TIzIWeTH EtOAC 9zl
Husnsanaluiinasamsaents smsuduvesaadrinsutls MeOH nsoddinvas
LTARBAN WAIENAMEY Hexane &IuU8d Hexane shanszinsliuisazlasiuvasansanavad
\madluTs Hexane dmua99% MeOH 1inlisainelwuds azanodis EtOAc 1ot wazaia

WUN §IVaI EtOAC Wanszvna iy azlassanaanniras Lt EtOAC

a £

3.3.2 ﬂ’]iLLElﬂﬁ’]ilﬁUiﬁﬂﬁ

!

M IRNA MEIUNFWI ¥insuenale Sephadex LH-20 column chromatography,
silica gel column chromatography Was/%38 preparative-HPLC Lﬁalﬂﬁmiu%qﬂ% §19UIgND
fldazgnihluamata ielwlddeys 1D (H and “C) usz 2D NMR (NOESY, COsY,
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HMQC, HMBC) spectroscopy Wi mass spectrometry Laldlun1slassainomaadl §1ua1s
AA |a P o £ A .
mﬂmwmmnwaﬂﬁ]:gﬂmvl,ﬂmaauqmmammwma‘lﬂ

£ a
3.4 MINARDUHNINIITININ

£ o y
mim‘laa‘l.ltmﬁmd%’smwimmuvxaa@w@aad Usznauaiy
Lo X . .
- f]“/l"ﬁmm% aX1a1LT8 Plasmodium falciparum K1
£ o ¥ o . .
- gnddwlaimlsn Mycobacterium tuberculosis H37Ra
Qr v d‘ly a A [} . . I
- ONIALDBUUANLIY LTW Enterococcus faecium s Acinetobacter baumanii
Waio
Lo & . . - . -
- ‘qwﬁmm%aﬁ LD Colletotrichum capsici Wae Colletotrichum gloeosporioides
(Fannaliauauunsalualuwsn) Curvularia lunata (Wa5RalsALNEAANILUINL)

W8z Alternaria brassicicola (WTamnalinluyaluiizazii)

3.5 NIUTuLRswaInis anzlunaasada watdSuuAsumIaTeRITIIaIUa ey Loy
MIAATTARIENAAY HPLC

o A & v ¢ da o a ad A o A £
NINIILRDNLDAINNGLR 3 a’lil‘wu‘g ﬂwﬂﬁiaiﬁdaﬁiﬂ@lﬂguﬂu’mﬂﬁ] NIBRNIRNANND

a P [ P
Vl’]x‘i’ﬁ’m’]Wﬂu’muli] AINTNN 3

P A & da ° o o A
@13 3. 5’1miamamaaﬂmmumsﬂsmﬂasmgmmms

aln
Original Culture & .=
No. Scientific Name n13Lagd mqwa‘lumitaan
code medium »
()
1 SPP27-1 Astrosphaeriella nypae LCN 21 WURNINALaTIa9
AANAID(3UAZLDAAI LY
U9 4.3.2)
2 AKO0101 Trimmatostroma sp. LL 27 §178NA971N small scale
Lo & 5
culture LRAINILUEILTD
LUANIILUNTULAN
Enterococcus faecium @28
@1 MIC = 12.5 ug/mL
3 | SAT01364 Platystomum scabridisporium MEB 30 wuaInilassaienvhaula
éuA phomoidride A
(Meazdoaadluda 4.3.5)
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M sUsudasuennns anazlunisiaes I@]U@W%’]iﬁlﬁ%ﬂ’]‘iaﬂﬂ’] Usznauengy

3.5.1 219 TAa) laslasadalua1misnaltInnes 25 mL 1 erlenmeyer flask 211@
250 mL

dy d‘i/ ﬁ v a a a s n; v
3.5.1.1 8MWIILALILTODIDNIIINDIKRIAN (FNURLLDLAAINNINTN 4) sznavmy
(1) 2117L@d (LL, LCN eh) MEB)
(2) 134G + LNR8 (LLS, LCNS %38 MEBS)
d‘ d‘y d'd | [ g: 1 A A ] a
L HaINLTAININAN BT WITNLLA muumﬂamaam%zma@amimsty
URZNITRINN secondary metabolite 289138
(3) 8191ILAY + nicotinamide (10 UM) (LLnico, LCNnico %380 MEBnico)
1@ nicotinamide Jn138uin 1u NAD+-dependent histone
N . A S ¢ A,
deacetylase inhibitor smﬂ'm,muaﬂummil,amLmaawuwama
transcriptional upregulation 284 biosynthetic gene cluster Laza71LNu

UseAnSawlun1sa3n9ans secondary metabolite UadLTaI"

3512 ATRILNRINTINIFTN
(1) Potato Dextrose Broth (PDB: 1Us:nau@qs potato starch 4 g/L Ua
dextrose 20 g/L)
(2) Potato Dextrose Broth + artificial sea salt (3 % %38 30 g/L) (PDBS)

3.5.1.3 21WILRLLTAN literatures 314 6 811W1T hawA Jackson, Tekeuchi,
Czapek malt (Czp malt), SDB, YOS uaz YESD lasiiaiudsznauvaiannis

AIN319N 5

3.5.1.4 avaAsase Bl ashana lgaanniin In1ad@w nitrogen source AT
9 e WIaLAY vitamin WAz trace element @19 ¢ (8auiIznauvasaInITad
#1397 5)

(1) ¥1@1a glucose + nitrogen source %#any ¢ 1UszLAn (GMixN)
(2) #1118 maltose + nitrogen source a1 € Usztnn (MMixN)
(3) ¥191A glucose + monosodium glutamate (MSG) + trace element +

vitamin (GMV)

3.5.2 91%1IUDY (YLD LATAIRIBLTENAVEIMITAINNTINN 6) Usznauaas
1

2
3
4

v

) 111 (Rice)

) 4717 + LnR8 (RiceS)
) U

)

1+ InfAa + nitrogen sources (RiceNS)

afo

(
(
(
(

1117 (Bran)
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(5) 4171lwa (Corn)

(6) MNHALWADYI (Soy)

A9 4. FandIznauvaIeIwITaN (Nnde 3.5.1.1, wikae g/L)

MEB LL LCN MEBS LLS LCNS
Glucose - - 10 - - 10

g Malt extract 6 - - 6 - -

g Maltose 1.8 - - 1.8 - -

S | Mannitol - 20 10 - 20 10
Dextrose 6 - - 6 - -
Yeast extract 1.2 1 5 1.2 1 5

8 Cotton seed - 10 - - 10 -

g Soytone - 2 5 - 2 5

z NZ amine type A - 2 - - 2 -
Trace element’ - 0.25 mL/L | 0.25 mL/L - 0.25 mL/L | 0.25 mL/L
Arteficial sea salt - - - 30 30 30

" Trace element Usznausday CaCl,2H,0 4 g, ZnS0O,-7H,0 2 g, Na,B,0,-10H,0 0.1 g, FeSO,7H,0 5
g, KI 0.05 g, CoCl,6H,0 0.5 g, CuSO,-5H,0 0.2 g, MnCl,4H,0 2 g, Na,MoO,-2H,0 0.05 g uaz
H,S0, 1 mL lwinawu 1L
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A9 5. FandIznauvaIenmIiral (3NTe 3.5.1.3 Uaz 3.5.1.4, Bl g/L)

Czp

2

Jackson' | Tekeuchi' | malt’ | spB® | YOs* | YESD® | GMixN | MMmixN GMV

Glycerol 15 - - - - - - - -

Sugar cane 15 - - - - - - - -

Starch - 25 - - - - - - _

Glucose - 20 30 40 20 - 10 - 10

C-source

Malt extract - - 20 - - - - - _

Maltose - - - - - - - 10 -

Dextrose - - - - - 20 - - -

Tryptone - - - 10 5 - 1 2 -

Peptone 6 - - - - 20 1 2 -

Yeast extract 1.5 - - - 3 5 1 2 -

Casamino - 10 - - - - - - -

N-source

Soytone - - - - - - 1 2 -

MSG - - - - - - 1 2 1

NaCl 3 - - - - - - - _

NaNoO, - ; 3 - ] ; ] ] ]

KH,PO, 0.6 5 1 - 3 - - ; ]

K,HPO,.3H,0 - ; - ; ; i ] ]

MgSO,.7H,0 5 25 05 - 1 - ; ; ]

KCI - - 0.5 - - - - - -

Metal & Element

FeSO,-7H,0 - - 0.01 - - - - - ]

Trace element’ | 0.5 mL/L - - - - - - - 0.25 mL/L

Vitamin’ - - - - - - - - 2 mL/L

! Elias, B. C.; Said, S.; de Albuquerque, S; Pupo, M. T. Microbiol. Res. 2006, 161, 273-280.

2 Wang, M.; He, H.; Na, K,; Cai, M.; Zhou, X.; Zhao, W.; Zhang, Y. Process Biochem. 2015, 50, 2012-
2018.

* Pu, X.; Qu, X.; Chen, F.; Bao, J.; Zhang, G; Luo, Y. Appl. Microbiol. Biotechnol. 2013, 97, 9365-9375.
¢ Hewage, R. T. ; Aree, T. ; Mahidol, C. ; Ruchirawat, S. ; Kittakoop, P. Phytochemistry, 2014, 108, 87-
94.

5VanderMoIen, K. M.; Raja, H. A.; EI-Elimat, T; Oberlies, N. H. AMB Express 2013, 3, 71.

® Trace element Usznausay CaCl,2H,0 4 g, ZnSO,-7H,0 2 g, Na,B,0,-10H,0 0.1 g, FeSO,-7H,O
5 g, KI 0.05 g, CoCl,-6H,0 0.5 g, CuSO,-5H,0 0.2 g, MnCl,-4H,0 2 g, Na,MoO,-2H,0 0.05 g uas
H,S0, 1 mL lusinaw 1 L

" Vitamin U3znauday BLACKMORES multivatamins + minerals $1%43% 3 1@ 1%‘1{7 100 mL
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7197 6. dIndsznavvesaIn1suds (3nte 3.5.2, Lawglu Erlenmeyer flask 2#1@ 250 mL)

Rice RiceS RiceNS Bran Corn Soy
2717 50 g 50 g 50 g - - -
§ o Y
3 312717 - - - 50 g - -
(2}
z Wwanz12lne - - - - 50 g -
© 3 =
nmMNatnkaag - - - - - 504¢
g Peptone - - 025¢ - - -
=]
3
= Yeast extract - - 0.25¢g - - -
Arteficial sea salt - 125¢ 125¢ - - -
wINaH 50 mL 50 mL 50 mL 50 mL 50 mL 50 mL

Taglévmaasagesme 3 soWutluamsaanadnadu FMIUONAITNANA DY
Tu53103 25 mL sauansudsamudSunmluarssii 5 (lu Erenmeyer flask 2w1a 250 mL)
T,@m;ﬂmmiﬁ'm'mjuﬁqmugﬁﬁaa uszoziaan 21-30 35 (szpzanlumaass §198991n
NN GIANTIT 3) ENTLETMNTRAITIINITRNAFIRTBIL TS UAZ BRI T TINAY
fMBaITNazaNy EtOAc + 0.01% acetic acid (25 mL) &uvadanmsuds uwsluarvinazans
EtOAc + 0.01% acetic acid (25 mL) 1{waa1 1-2 5% WEINTBI NAIIMNUWIIEWIUEIWNT
wiauazanmsuds shaudrharansdunisunsanelwuds sointinasate  udazans
gIEnacy MeOH (finnudatu 10 mg/mL) uvinmsdiaTzsiads high performance
liquid chromatography (HPLC) laglanaauit Purospher® RP-18 endcapped (3 um)
LiChroCART® 55-2 ﬁqmﬂgﬁ 35 adALTaLSu®E @38 injection volume 5 pL b mobile phase
fo H,O + 0.01% formic acid (solvent A) ez CH3;CN + 0.01% formic acid (solvent B) lagd

DAIEINVDI mobile phase AIAN1I19N 1

nsi3euiioy HPLC profiles 2898n38Na “asann1IdIuLlfena1n1siaesise
NUNAITLAY éhu%’uL%aﬁﬁmia{ﬂammamgﬁﬁLmﬂ@maaﬂvl,ﬂmm@ml,a:maula Ny

Y v o v =) Qf v 1
i luiassluawevans LmemiLwﬂIﬂQmsmq‘nmazmimasma‘moLﬂ:ﬁ@lavl,ﬂ



=]
1nn 4

Naﬂ'ﬁﬁﬂ‘i&ﬂ LLQZ‘]J‘YI&'E]J

4.1 MIAALRDNLTATINLA
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411 nnsansdewnihillneiumMmamgaTamsinIuM IR gLz I eE I

mua"l,aﬁnaﬂgﬁmaﬁwma fAInAaRanaInztaninaulale 8 mslﬁ'uf AIANTIN 7

NN waunanae 76 aowut laslddayaain HPLC profile

A9 7. 51ﬂ%ai’muaﬁvlﬁ%'urw’lsﬁ@Lﬁaﬂmﬂﬁaga HPLC

No. Original code Scientific Name Culture medium

1 SAT00832 Julella avicenniae PYGM

2 JS00240 Periconia prolifica 4G

3 SAT01364 Platystomum scabridisporium MEB

4 SAT01366 Tirisporella beccariana GlyPy

5 SPP27-1 Astrosphaeriella nypae LCN

6 SAT00337 Phaeosphaeria macrosporidium LS2

7 NBRC 30420 Zopfiella marina 4G

8 SAT00815 Trematosphaeria mangrovis 4G
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412 AMMIAANIBINUTIMVRIMNBUJURMIToNIWEINITINW - gudiugiansmuuas

naluladTININLRIT G %aﬁwmnﬁam%ai’mzmﬁﬁmmﬁmﬂ%mﬂmaﬁmm&ﬂsﬁﬁm

13zanas 200 a’mﬁuﬁf Regluamiy 3 The NakuusLes liwEn sanInaatRaniTa

= o £ . { o o {
‘YIZLEIGINmiaﬂ@lLL&@GQﬂﬁﬂN%Qﬂ’]WLLaz HPLC profile ﬁu’]a‘lﬂ,ﬁ] 10 a’]fﬂwuhf @ﬂ@qiqﬂﬁ 8

a o AN v o A £ a o
@139 8. i'lmaiwml,aﬂvl,mmﬁml,aaﬂmmmﬁmw'smwua:ma;ga HPLC

Original Culture
No. Scientific Name Activity (IC, or MIC, pg/mL)
code medium
1 GR00235 Zalerion vari Bio27 BC:50|cyto:3.81|PF:0.645
2 MD01920 Fusarium equiseti 4G EF:50|CL:50|CC:12.5|CG:12.5|cyt0:17.11
3 MDO00972 Phomopsis sp. LL CC:12.5|CG:12.5
4 MD01871 Unidentified PDB ABr:50
5 MD00780 Unidentified PDB ABr:12.5|CL:50|CC:6.25|CG:6.25
6 JS1006 Unidentified Bio27 ABa:16.67|EF:6.25|CC:12.5
7 AKO0101 Trimmatostroma sp. LL EF:12.5|cyto:16.27
8 MCRO00056 Nemania maritima PDB EF:12.5
9 AK0093 Halorosellinia oceanica PDB EF:12.5
10 MD01703 Rhizopycnis sp. LL EF:50|CC:6.25|CG:6.25
Note: ABa = f]“/l“Ef UﬁﬁL%ﬂLLUﬂﬁL‘%U Acinetobacter baumannii

@ [
o

ABr = I]“n?; TussaTnalsnies Alternaria brassicicola
BC =0n ’if 5 %auuwﬁﬁy Bacillus cereus

CC = gnisu
CG = grstusagennolsaueuunsalualuwdn Colletotrichum glososporioides

he

ete

ITasnalsnuauuwnIa lUaLWWSn Colletotrichum capcisi

CL = gn3susadonnalsaluinn Curvularia lunata

cyto = L‘]YI%(EI'UEiiﬂ”liﬁ]%tg"ﬂa\‘lLsﬁaﬁﬂﬂaﬁ]’va@l"ua\‘lad [African green monkey kidney fibroblast
(Vero) cells]

EF = qw'ﬁfﬁuﬁgﬂ%mmﬂﬁﬁﬂ Enterococcus faecium

So ¥ X
PF = gnsay H3LTaNNLIE Plasmodium falciparum
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42 PNTATNIRNAN LYINNNTAaLRan ’INTaYinNsas T luauiauans laNInuas1wIn

18 mﬂﬁuﬁf AIANTNN 9

o 4 I 4 :
AN 9. NeTaTINzaNass eV (large scale fermentation)

No. Original code Scientific Name Media Condition Volume
1 SAT00832 Julella avicenniae PYGM static 20L
2 JS00240 Periconia prolifica 4G static 20L
3 SAT01364 Platystomum scabridisporium MEB static 20L
4 SAT01366 Tirisporella beccariana GlyPy static 20 L
5 SPP27-1 Astrosphaeriella nypae LCN static 0L
6 SAT00337 Phaeosphaeria macrosporidium LS2 static 20L
7 NBRC 30420 Zopfiella marina 4G static 20 L
8 SAT00815 Trematosphaeria mangrovis 4G static 20 L
9 GR00235 Zalerion vari Bio27 static 20 L
10 MDO01920 Fusarium equiseti 4G static 10L
11 MDO00972 Phomopsis sp. LL static 20 L
12 MDO01871 Unidentified fungus PDB static 10 L
13 MDO00780 Unidentified fungus PDB static 20 L
14 JS1006 Unidentified fungus Bio27 static 10L
15 AK0101 Trimmatostroma sp. LL static 20 L
16 MCRO00056 Nemania maritima PDB static 20 L
17 AK0093 Halorosellinia oceanica PDB static 15L
18 MDO01703 Rhizopycnis sp. LL shake 20 L

4.3 ﬂ'ml,smmﬂﬁu%qﬂ%

€ o

£
maauqmma%amw

aramananalasuilanni

a

WlaTIa9a981INLEN LA LAz EY

4.3.1 \Ta1nela BCC 25093 (KH00100) G'fioag"l,u order Pleosporales wanan liflnsmsfiuiu

MngninwuAITIdmIauaN-nimznzald  2.gnegini ldgniwdesdu production

medium @8 potato dextrose broth (PDB) USu1a3 10 83 luan1iziwen 1Juwaan 20 %

o o L ¥ A £ o a [ & s [
RRIIINNINIRNA LLN&LLUﬂ&WiIV\‘U?Eg‘Y]ﬁ@')ULﬂﬂ%ﬂﬂ?ﬂiﬂiw']‘[@m?]w vL@ﬁ']TY]\WWJ@ 13 @7 &3

3uUN 2 Tasanslnd Aeas 1-5 @9lTadn palmarumycins P4-Ps Wiaudana1s known fa
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decaspirones A (6) waz C (7), palmarumycins CP3 (8), CP4 (9), CP17 (10), CR1 (11), uae

M2 (12) 30719817 diaryl ether (13)

7, decaspirone C 8, palmarumycin CP3; 9, palmarumycin CP,4

O OH

10, palmarumycin CPy7; 11, palmarumycin CR; 12, palmarumycin M,

OH OH

U 2. las9a9289813Nuen leanBas ML BCC 25093 T3atlu order Pleosporales
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a177197 10. Ltamqw'ﬁma%amwmaamﬂumﬁw spirodioxynaphthalene T4ULENIINLTATINGLA
BCC 25093

Compound P. falciparum M. tuberculosis B. cereus Vero cell lines
(ICsp, pg/mL) (MIC, pg/mL) (MIC, pg/mL) (ICsp, pg/mL)
1 2.36 1.56 25 0.79
2 >10 >50 >25 0.18
3 >10 12.5 >25 3.95
5 >10 >50 >25 >50
6 2.30 1.56 12.5 0.18
7 2.28 3.13 12.5 0.91
8 2.23 3.13 12.5 0.10
10 >10 >50 >25 >50
11 >10 12.5 >25 3.54
dihydroartemisinina 0.0004 - - -
isoniazid” - 0.023-0.047 - -
vancomycinC - - 2.0 -
ellipticine’ ; ; - 1.79-2.43

° Standard anti-malarial drug against P. falciparum.

° Standard ant-tuberculosis drug against M. tuberculosis.

¢ Standard anti-bacterial drug against B. cereus.

‘ Standard compound for cytotoxicity assay against African green monkey kidney fibroblast (Vero)

cells.

HANAROUGNINITINIWIBIENT 1-3, 58, 10 UaT 11 UEAIAIANTNA 10 &3
palmarumycin P, (1), decaspirones A (6) Laz C (7), waz palmarumycin CP3 (8) LLamr]“n%{
dunaiseluszeunaaananasfiodl 1Cs, = 2.23-2.36 pg/ml uazusasqniesuinlanl
FEAURADANANBINILAN MIC = 1.56-3.13 pg/mL wananiisouaasnnuufudaisad Vero
§18f1 1Csy = 0.10-0.91 pg/mL s13H9 4 aiiny a,B-unsaturated ketone Andautn G

Y . d o « = 1 a€
\Hwlylddn o,B-unsaturated ketone aztilu functional group AFALTINNAGEONTNITINN

72

¥
a3 mﬂuﬂquu

lasnuidpRlasunmsaRunluATa1309 “Palmarumycins from the mangrove fungus
BCC 25093" lan3snsw wnan@ “Tetrahedron” T 2015 atfufi 71 Wi 5572-5578

4.3.2 I8 NeLa Astrosphaeriella nypae BCC 5335 (SPP27-1) @sugnlaainduain (Nypa
fruticans) 1. a&qmill‘i’m'ri Qﬂﬁ,’]mlﬁmlu production medium 132naua28 manitol 10 NYW
glucose 10 N3W yeast extract 5 N WAz soytone 5.0 N¥ @asinau 1 aas YUyl

gnzlawdn Wwaan 35 % 58003 10 8603 BaInInIIRNa msaﬁ'@%muﬁvlﬁgﬂ
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v A £ o A [ a £ Y] @ {
ihaildvignidiomatienilannlannd ldmwiant 7 @ doguf 3 lasas 14-16
Husnsnosladmeinsmnenuuinew wazléTain astronypyrone (14) astronyquinone (15)
WRe astronyurea (16) FIURINALRNITINBNULAD teUA xestodecalactone A WAz B (17,

18), coryoctalactone (19) LLaz dimethoxy-O-methylpulvinone (20)

CHg
HO O ——
T
8 CHg
15
— HO O X
B
0 °N170 HO CH
H CHs o° 3
16 17: X=H
18: X = OH
HO Q
CHg
H
HO © 0
0
19

gﬂ‘ﬁ 3. Im\‘ia%’h‘rlla\‘ia’liﬁLLUﬂvL@Tﬁl’mL%aiﬁmLa Astrosphaeriella nypae BCC 5335 (SPP27-1)

Ievinmsssnagaugninsiamndsnaiagnisuinands Smlse uazenuuie
dolasuaIans 15, 17 uaz 20 WUEs 20 usasnniamanasoluszaunasananside
Plasmodium falciparum K1 §1g@1 1Cs = 5.7 pg/mL &3 15 ugesgniswimlyaluszau
WaaaNaaadfa Mycobacterium tuberculosis H37Ra 62861 MIC = 50 pg/mL URZLRAIAIW
Hufiudaimadlavasss (Vero cell lines) e ICs = 17.4 pg/mL &3 17 liugasgntam

PANSHUAZ IR o4 AT DU 10 wae 50 pg/mL ANEIAL

lagauIdpitlasunmsanulunidaisas “A pyrone, naphthoguinone, and cyclic urea
from the marine-derived fungus Astrosphaeriella nypae BCC 5335” TN IR I TG
“Tetrahedron Letters” 1] 2016 aﬂ'uﬁl 57 #11 1171-1173
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4.3.3 Bavmzia BCC 20012 (GR00235) usn'ldanmulusasduain (Nypa fruticans) TaLiiy
mnqwmuuﬁam@%gmw:%a 2.97@ 118 BCC 20012 %aﬁau%ﬁwﬁiﬁgn%’wﬁmumﬂu
Halenospora varia "L@Tgﬂﬁwmﬁuﬂ'umﬁm‘hLLuﬂI@ﬂmiaﬁ'@ DNA $%a991nn13vin DNA
sequencing Laz3LAIZANaI DNA sequence ¢854 phylogeny WULTa BCC 20012
finanssadunnillu Acremonium crotocinigenum \iievinida BCC 20012 wiaps lawdl
production medium %aﬂszﬂauﬁ’m glucose 10 g, corn steep solid 10 g, KH,PO, 0.5 g,
MgSO,7H,0 0.5 g dainan 1 aas luannzliwe Wuwan 34 5w Huwlsaas 20 L
WAIINNFINNIIRNG miaﬁwmuﬁvlﬁgﬂmmﬁﬂﬁu‘%qw'ﬁfﬁaUmﬂﬁﬂmﬂmmimmwﬂ 1w
u’%qw%gf{hmu 7 M é’fﬂgﬂﬁ 4 Tapans 21-23 (uaslnd duans 24-27 1Juafitesinig
TBINWBAUED Ad crotocin (24), trichothecin (25), 8-deoxytrichothecinol B (26), LLazayﬁﬁu‘E

284 trichothecene (27)

@ o ! £

1@ IFINamaLNINNTIATNVBIRNT 21, 24, 25 UAT 27 LAUNANITNARALUIA
o A Lo & & a o ' .
MINTHN 11 &7 21 URAIgNISUguTenaTelustaUnRaanaaadda  Plasmodium
falciparum K1 ABAN ICsy = 3.28 pg/mL wazuaaIn NN T uR BaaLTas L8 IR (Vero cell
lines) @18f1 ICs = 11.37 pg/mL &WILENINEINAFAL  ®IINLABANIITNLN® Ao

£L L ¥ . {24

trichothecin (25) WEAINNTIUHILTBINATEAIAY IC5 NNga A 0.05 pg/ml UATULEAS

anudunNuaaLsas tavad8d (Vero cell lines) @186 ICs, = 0.13 pg/mL

H

H3;C

U 4. 1a398319289817 trichothecenes Nun laa1nLasn Acremonium crotocinigenum BCC
20012
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1] £ { o ¥ . ..
TN 1. ugAdENINITINWLaIRsALen leanLTa Acremonium crotocinigenum BCC
20012

Compound P. falciparum Vero cell lines
(ICs0, bg/ml) (ICs0, pg/ml)
21 3.28 11.37
24 0.26 0.58
25 0.05 0.13
27 >10 >50
dihydroartemisinin” 0.0004 -
ellipticine” - 1.50—1.60

® Standard antimalarial drug against P. falciparum.
° Standard compound for cytotoxicity assay against African green monkey kidney

fibroblast (Vero) cells.

TogswdsoitlaasluafnwluddoBas  “Trichothecenes  from  the  Fungus
Acremonium crotocinigenum BCC 20012” luwnsansuwa “Phytochemistry Letters” gl
2016 atfufi 18 i 39-43

4.3.4 3951 Nemania maritima (MCR00056) @susnldannannisliwdeiawlsl o tnzsiaen
77 2. 6719 gﬂﬁ’]&l’ngﬂGIﬂUﬁ production medium fa potato dextrose broth (PDB) ¥inn13ual
Tugnnazliwen Wuwne 35 55 Tulsunes 20 das Sanewmhitldeessan (lusey 24
\fau) 'jﬂmmsmmﬂm‘m%qw%;vlﬁ 10 ¢ WasINYMILENENIRNLENLes IR laseaing
momﬁmaamm’%qﬂ%{ﬁusﬂw laglddayaan 1D ('H and "C) usz 2D NMR (NOESY,
COSY, HMQC, HMBC) Spectroscopy Laz Mass spectrometry Wuiﬁaﬁid’aulmyjagﬂuﬂﬁjw
eremophilane lag'laaslna 9 67 uasasiasimImeawuds 4 daldun s 29, 33, 39
uaz 40 é’agﬂﬁ 5 § 75U relative stereochemistry 28481501902813d84 basunsEudulas
NOESY %38 NOE difference experiment &3 11 é’aluﬁ‘hmuﬂﬁgﬂdﬂﬂmaaqu?nw
Fanw udmsnanueliugesgnisudagennady (Plasmodium falciparum K1) uazida

LUANISY (Bacillus cereus Waz Enterococcus faecium) th ANNTNTUFIgANINMMazey
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28:R!, R?=OH 30: R'= a-OH, R®*=H 34:R=
29: R%, R2 = H (mairetolide B) 31: R'= 0-OH, R2=OH 35: R =OH
32: R'= B-OH, R? = OH
33: R!=H, R = OH

HO
OH

38

HO O
0 o)
o)
—_
HO,C o” oh

39 40 (mellein-5-carboxylic acid)

U7 5. lassaavassnshuenldaniasn Nemania maritima (MCR00056)

435895 Platystomum scabridisporium (SAT01364) Lmﬂvl,@TMﬂvLﬁﬁLmsﬂﬁaaglu
VI MLHUNTIY ™ The Mornington Peninsula National Park Uszindaasiaslag Qﬂﬁ’lmtgm
lapd production medium Usznauae malt extract 6 g, maltose 1.8 g, dextrose 6 g, yeast
extract 1.2 g davinnaw 1 aas Fmsuuluanzliwen Wwaan 30 5% Tul5anas 20 das
Fslumoomatiunawwinil (seu 24 1dow) VL@Tﬁmﬁ']amm'wmmmLmﬂmsu‘%qw"ﬁf"lﬁ 6 @2
3ndeyaan 1D (H uaz 'C) NMR, 2D NMR (NOESY, COSY, HMQC uaz HMBC)
spectroscopy Waz Mass spectrometry wudmitslussfiuan’le \uasfiiasInismeauweas
#o phomoidride A §IUF1IRIBU wazduayiutuas phomoidride A uaiilasanans
u‘%qw‘ﬁfﬁumvl,ﬁﬁmmvhimﬁm Wohantufin 'H NMR spectra 8na3s wuin 'H NMR
spectra Wasuldannidy  aniniainnsdesdelusmanmelminess iathasanad

v v a Qf 1
lauuenaslale CARTRLAE ahl

phomoidride A

31]“7] 6. lassaavad phomoidride A Auenlaannwan Platystomum scabridisporium
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4.4 nmydsudasuenrs annzluniTifeare wastdIausunisaseansiueualan lag
MIILATIERENIINAGE HPLC

mnmsifenien 3 seviug ldud 1. 1 Trimmatostroma sp. (AK0101) 2. 150
Astrosphaeriella nypae (SPP27-1) waz 3. L%a Platystomum scabridisporium (SAT01364) 41
Bosluomnsiraiuazenmisuinanue 20 wiia (Moazdoassde 3.5) ldmsataluudas
I INATNANMTNA 12 Basntwhasanan ldandienzsisns HPLC "L@Twaé'agﬁﬁ'
7-27
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AN 12, LRAIINRUNRIIRNAINNTUTULLRaUaI®T anzlunsifaadaiounuans

o Yy & z t )
ANANNMITRLIATILIN I UIUABUANILREN (17 screening)

sviinansaia (mg)
21K
control SPP27-1 AKO0101 SAT01364
LCN (13t screening) - 14.1 - -
LCN - 1.5 - -
LCNS - 0.9 - -
LCNnico - 0.9 - -
LL (1!St screening) - - 7.3 -
LL - - 4.3 -
LLS - - 4.7 -
LLnico - - 7.8 -
MEB (1 screening) _ _ - 1.9
MEB - - - 0.5
MEBS - - - 0.8
MEBnico - - - 0.9
MEB_pH5 - - - 0.8
MEB_pH8 - - - 0.7
PDB - 1 0.9 0.4
PDBS - 0.7 0.8 0.5
Jackson - 0.7 1 1.1
Tekeuchi - 0.4 0.9 0.4
Czp malt - 1.7 0.2 0.5
SDB - 1.6 2 1.5
YOS - 0.7 0.6 1
YESD - 2.1 2.3 1.6
GMixN - 0.7 0.8 1
MMixN - 1 1.8 1.6
GMV - 0.4 0.7 0.4
Rice 34.9 35 255 24.9
RiceS 26.3 20.6 45.3 33
RiceNS 30 19.2 435 22.2
Bran 257.2 291.9 244 .4 30.7
Corn 64.1 49.9 226.3 81.1
Soy 411 29.7 18.8 83.5
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l,GOCk Control-Rice UV VIS 1
mAU
b o
: =g
1 \/\\ o
-200
2 Control-RS Uv VIS 1
1600910 8 WVL:210 nm
I
-200
1.600 3 Control-RNS uv VIS 1
Y mAU 3 WVL:210 nm
] R
J ~ 6
3 AN .
-200
1.800 4 Control-Bran Uv VIS 1
T mAU P WVL:210 nm
la
-200
1.200 5 Control-Corn Uv VIS 1
=77 mAU S WVL:210 nm
75
-200
1.400 6 Control-Soy UVv VIS 1
’ ‘mAU S WVL:210 nm

-200

0.

0

\
8.0

T ‘ T T ‘ T ‘ T
10.0 12.0 15.0

3Uf 7. HPLC chromatograms wasan3aniaanatmisudailan o ivalfidsouiiou
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1 SPP27-1 1st LCN UV VIS 1
mAU ST BE WVL:210 nm

250 2 astronypyrone(14 UVv VIS 1
_mAU X WVL:210 nm
R
-100-
400 3 astronyquinone(15 Uv VIS 1
mAU N WVL:210 nm
300 4 astronyurea(16 UV VIS 1
mAU - WVL:210 nm

~
o
?
2

5 xestodecalactone(17 UVv_VIS_ 1
WVL:210 nm

6 coryoctalactone(19) UV VIS 1

WVL:210 nm|

k

UV_VIS_ 1

WVL:210 nm

-100- \ \ \ \ R A RS
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Ellﬁ 8. HPLC chromatogram YaIENINNAIN small scale fermentation ﬂf]y'umaumnﬁaﬂ
(1St screening; Elh_luq@) Llﬁ“ﬂuL“?‘lUUﬁUﬁ’]iU%E:WéﬁLLUﬂVL@Tﬁ]’mL%a‘i’] Astrosphaeriella nypae
BCC 5335 (SPP27-1) %dﬂi:ﬂauﬁ’mmi astronypyrone (14), astronyquinone (15),
astronyurea (16), xestodecalactone (17), coryoctalactone (19) uwaz dimethoxy-O-methyl

pulvinone (20).
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1 SPP27-1 1st LCN UV VIS 1
1,000+ _ WVL:210 nm

18072 SPP27-1_LCN UV_VIS_ 1

& WAVL:210 nm
ﬁ ™

3003 SPP27-1_LCNS UV VIS 1
7 3 WVL:210 nm
N~

4.76
12.27

N
]
—

300 4 SPP27-1_LCNnico UV_VIS_ 1
® WVL:210 nm
(o]

0
4.76
12.28

5 SPP27-1 PDB UV VIS 1
160 .
210 nm

6 SPP27-1 PDBS Uv VIS 1
160 .
210 nm

3
>
c
2.28

'20 ‘ ‘ ‘ ‘ T ‘ T T ‘ T T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 15.0

Ellﬁ 9. HPLC chromatograms YRIFNIINAINLTEIN Astrosphaeriella nypae BCC 5335

| X & t _
(SPP27-1) Muipalu (1) 2113 LCN m4 Tuaaun1sidan (17 screening; JULUFA) (2) 01113
LCN o TuaawnsuIulfsua1rns (WeldilSoufisuuaziduanisdednutuaawnns

\Ran (1% screening), (3) 81%13 LCNS, (4) 81913 LCNnico, (5) 81%13 PDB, (6) 81%13 PDBS
(FUa9ga).
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1 SPP27-1 1st LCN UV VIS 1
1,00(%7 08 WVL:210 nm
LOI ©

mAU

180 2 SPP27-1_LCN UV_VIS_ 1
mAU 3 & ® WWVL:210 nm
4 ™

250 3 SPP27-1_Jackson UV_VIS_ 1

3

>
()
85

12.28

WVL:210 nm

1402 SPP27-1_Tekeuchi UV VIS 1
mAU & & :210 nm
@ N

160 5 SPP27-1 Czp malt UVv VIS 1

3
>
c
3.37

27

-20 I I I

WVL:210 nm

min

0.0 2.0 4.0 6.0 8.0 10.0 12.0

31]“7] 10. HPLC chromatograms YRIFNIINAINLTEIN Astrosphaeriella nypae BCC 5335
(SPP27-1) ftdndlu (1) 81913 LCN s Tuaanunsiden (1° screening: FULUFA) (2) W3
LCN @ auaaumIdsuasuamns  (WelmdSoufisuuasdusnzideinuiuaeuns

\dan (1St screening), (3) 81%13 Jackson, (4) 81%13 Tekeuchi, (5) 819W13 Cpz malt (gﬂ
819gQ).

15.0
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1 SPP27-1 1st LCN UV VIS 1
1,00(%7 08 WVL:210 nm
LOI ©

mAU

2 SPP27-1 LCN UVv VIS 1
mAU 88 WVL:210 nm
o~ )

12.28

3 SPP27-1 _SDB UV VIS 1
2,500 WWVL:210 nm
N 5
= g
VAN | ‘
8002 SPP27-1_YOS UV VIS 1

3

>
c
03

WVL:210 nm|

5 SPP27-1 YESD UV VIS 1
WVL:210 nm|

N
o
(=)

99

mir
-50 \ \ \ \ — — ‘

0.0 2.0 4.0 6.0 8.0 10.0 12.0 15.0

Ellﬁ 11. HPLC chromatograms YRIFNIINAINLTEIN Astrosphaeriella nypae BCC 5335
(SPP27-1) Aiapslu (1) 82913 LCN 1 Juaanwnsidan (1° screening: UUUga) (2) 83

LCN @ auaaumIdsuasuamns  (WelmdSoufisuuasdusnzideinuiuaeuns

\Ran (1% screening), (3) 81#13 SDB, (4) 81W13 YOS, (5) 81113 YESD (aUa9ga).
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1 SPP27-1 1st LCN UV VIS 1
1,00(%7 0853 WVL:210 nm
LOI [{e]

mAU

180 2 SPP27-1_LCN UV_VIS_ 1
mAU 3 & ® WAVL:210 nm
4 ™

18073 - SPP27-1_GMixN UV_VIS_ 1

12.26

V@VL:210 nm
(42]
—

1402 SPP27-1_MMixN UV VIS 1

3
>
c
5.49

210 nm

140.5 SPP27-1_GMV UV VIS 1

3.37

-20 I I I I L e T I

210 nm

0.0 2.0 4.0 6.0 8.0 10.0 12.0

31]“7] 12. HPLC chromatograms YRIFNIINAINLTEIN Astrosphaeriella nypae BCC 5335
(SPP27-1) ftdndlu (1) 81913 LCN s Tuaanunsiden (1° screening: FULUFA) (2) W3
LCN @ auaaumIdsuasuamns (WelmdSoufisuuasdusnnizideinuiuaeuwms

\Ran (1% screening), (3) 81%13 GMixN, (4) 819113 MMixN, (5) 81915 GMV (3Uan9ga).



1 SPP27-1 1st LCN
1,000- o B B 1o
< (D@

35

UV VIS 1
WVL:210 nm

1802 SPP27-1_LCN Uv VIS 1
mAU- wo ©O & WVL:210 nm
< ©o @ S o
N

3 Control-Rice

UV_VIS_ 1

WVL:210 nm

UV_VIS_ 1

WVL:210 nm

UV_VIS_ 1

5.07

WVL:210 nm

6 SPP27-1_RiceNS
™

UV_VIS_ 1

3

>

c
5.01

WVL:210 nm|

-100- ‘ \ \ \
0.0 2.0 4.0 6.0 8.0

Ellﬁ 13. HPLC chromatograms maamsaﬁ'@mm%aﬁ Astrosphaeriella nypae BCC 5335
(SPP27-1) Aol (1) %13 LCN JuaaunsAan (1% screening: UUUga) (2) 83
LCN = duaawmidiuwdouerns  (feldiffouifisuuasiiuannsdediutuaawns
\Ran (17 screening), (4) Rice, (5) RiceS, (6) RiceNS (3uan9g9) LWisuLfisuny (3) Control-

Rice (Thdan 9 Alilinsdusaadly).



1.000 B SPP27-1 1st LCN

36

UV VIS 1
WVL:210 nm

180 2 SPP27-1 LCN UV VIS 1
TmAU- mo © & WAVL:210 nm
b ™~ © & ™ o [4¢]
uv).o NS —

3 SPP27-1_Rice

UV_VIS_ 1

WVL:210 nm

4 SPP27-1_Bran

UV_VIS_ 1

WVL:210 nm

5 SPP27-1_Corn

UV_VIS_ 1

5
-
03

WVL:210 nm

700 6 SPP27-1_Soy UVv VIS 1
mAU 8 8 WVL:210 nm
-100 I I I I T T \‘
0.0 2.0 4.0 6.0 8.0 10.0 12.0 15.0

Ellﬁ 14. HPLC chromatograms maamsaﬁ'@mm%aﬂ Astrosphaeriella nypae BCC 5335
(SPP27-1) apalu (1) 91915 LCN mb duaannistaan (1% screening; JUUUEA) (2) 013
LCN o tuaawmydiuiasuenms (ielfiliouiisussugnnzidoiniuduneuwns
\Ran (1% screening), (3) Rice, (4) Bran, (5) Corn, (6) Soy (3Ua9ga).
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1 AK0101 1st LL UV VIS 1
1,000 AU o 3 WVL:210 nm
4 8 0]
[}

2 AKO0101_LL UV_VIS_ 1
—

mAU 3 WVL:210 nm

-100

3 AKO101_LLS UV_VIS_ 1

6007mAU & WVL:210 nm

4 AK0101_LLnico UV_VIS_ 1

. > i WVL:210 nm

UV_VIS_ 1

12.36

WVL:210 nm

UV_VIS_ 1

12.26
13.38

WVL:210 nm|

-200 | | | | T AU A
0.0 2.0 4.0 6.0 8.0 10.0 12.0

Ellﬁ 15. HPLC chromatograms maamiaﬁ'@mm%aﬁ Trimmatostroma sp. (AK0101) ﬁLgm
Tu (1) 2913 LL o suaounsiden (1° screening: JUUUEA) (2) 01T LL TUADUNS
Usulasuamns (ielfilteuifisuussugnnzidoiuauaeumsidon (17 screening),
(3) 8115 LLS, (4) 8113 LLnico, (5) 81w15 PDB, (6) 81w15 PDBS (3Usn9ga).
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1 AK0101 1st LL UV VIS 1
l’OO&,mAU i @ WVL:210 nm

2 AK0101 LL Uv VIS 1
mAU S WVL:210 nm

1.400 3 AK0101 Jackson Uv VIS 1
' mAU & WVL:210 nm
= O
i 4 o
3 /A wH LA AN
-200
1600 4 AK0101_Tekeuchi Uv VIS 1
Y imAuU & WVL:210 nm
Q 5
9 ]
! | JL'\
Uv VIS 1
WVL:210 nm

-50 \ \ \ \ T I T
0.0 2.0 4.0 6.0 8.0 10.0 12.0 15.0

Ellﬁ 16. HPLC chromatograms maamiaﬁ'@mm%aﬁ Trimmatostroma sp. (AK0101) ﬁLgm
lw (1) 21m17 LL o JuAeUNNILEeN (1" screening; JUUUEA) (2) 81M17 LL TUADUNNS
Usulasuamns (elfiltuuifisuussuannzdoiuauaeumsidon (17 screening),
(3) 81113 Jackson, (4) 81413 Tekeuchi, (5) 81%13 Cpz malt (JUa19g@).
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1 AK0101 1st LL UV VIS 1
1,000 /AU o - WVL:210 nm

800 2 AKO101_LL UV_VIS_ 1
/mAU = WVL:210 nm

UV_VIS_ 1
WVL:210 nm

L 12.27
( 13.37

UV VIS 1
WVL:210 nm|

1000.8 AK0101 YESD UV VIS 1
' mAU S WVL:210 nm

0.0 20 4.0 6.0 8.0 100 120
Ellﬁ 17. HPLC chromatograms maamsaﬁ'@mm%aﬂ Trimmatostroma sp. (AK0101) ﬁlﬁm
T (1) 29913 LL Juaaumsaan (1" screening; JUDUER) (2) 8117 LL TUABUNS
Usuulasuamis (ieldiaufsuuasiuanizidoniutuneunisidan (1% screening),
(3) 811113 SDB, (4) 81113 YOS, (5) 81113 YESD (3Ua9ga).
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1 AK0101 1st LL UV VIS 1
1,000 /AU o - WVL:210 nm

2 AKO101_LL UV_VIS_ 1
—

WVL:210 nm

UV_VIS_ 1

12.27

T 13.37

WVL:210 nm

UV VIS 1

12.27

T 13.36

WVL:210 nm|

UV VIS 1

WVL:210 nm|

-200 I \ I \ T 7 T
0.0 2.0 4.0 6.0 8.0 10.0 12.0
31]“7] 18. HPLC chromatograms YAIRNIFNAINLTAI Trimmatostroma sp. (AK0101) ICHN

& t . &
lu (1) 2913 LL o aumaumaidan (17 screening; JUUUEA) (2) 8113 LL 4 TUAaUN1I
L e o o & t :
Ysuifsuanis (NeltidSouiisuuasiduannzi@oinuauaaunisiden (17 screening),
(3) 11113 GMixN, (4) 81113 MMixN, (5) 81413 GMV (3Ua19ga).



1 AK0101 1st LL UV VIS 1
1,000 AU o 3 WVL:210 nm
4 a [o0]
[}

41

UV_VIS_ 1

WVL:210 nm

3 Control-Rice Uv VIS 1
1’BOO’mAU WVL:210 nm|
[ ~
, ~ 3
B \J\‘ \
-200
1,600 4 AK0101 Rice Uv VIS 1
' mAU & WVL:210 nm

UV_VIS_ 1

_mAU &

WVL:210 nm

2000 6 AK0101 RiceNS UVv VIS 1
' mAU % & WVL:210 hm
: 5
: 9
T \ it
-200 \ \ \ \ — T — T ——
0.0 2.0 4.0 6.0 8.0 10.0 12.0 15.0

31]“7] 19. HPLC chromatograms YAIRNIFNAINLTAI Trimmatostroma sp. (AK0101) ICHN

& t . &
1% (1) 29%13 LL mumaunmﬁan (1s screening, gﬂuuq@) (2) 279%13 LL W IueaunIg

@ = A v 1 = = a o & A st
Ysuifsuanis NeltidSouisuuasiduannzi@oinuauaaunsiden (1

screening),

(4) Rice, (5) RiceS, (6) RiceNS (3Ua9§9) L/3nuLfisuny (3) Control-Rice (11211a1 9 s

Insenaas ).



1 AK0101 1st LL UV VIS 1
1,000 AU o 3 WVL:210 nm
4 8 0]
[}

42

UV_VIS_ 1

WVL:210 nm

3 AK0101_Rice

UV_VIS_ 1

WVL:210 nm

4 AK0101 Bran

UV_VIS_ 1

WVL:210 nm

UV_VIS_ 1

WVL:210 nm|

UV_VIS_ 1

6 AKO0101_Soy
m

WVL:210 nm|

-100 I \ \ \
0.0 2.0 4.0 6.0 8.0

T ‘ T T ‘
10.0 12.0

Ellﬁ 20. HPLC chromatograms maamiaﬁ'@mm%aﬁ Trimmatostroma sp. (AK0101) ﬁLgm
Tu (1) 2913 LL o uaounsiden (17 screening: JUUUEA) (2) 01T LL TUADUNNS
USulasuamns (elfiltuuifsuussinannzdoiusunouwnmsidon (17
(3) Rice, (4) Bran, (5) Corn, (6) Soy (3Uag®).

screening),



SAT01364_1stscreening_MEB

2 SAT01364 MEB UV VIS 1
\BVL:210 nm
™

3
g
27

N
N
~

3.84

N
o

3 SAT01364 MEBS UV VIS 1
mAU & \BVL:210 nm
™
-

=
(o]
(@]
L

8

4 SAT01364 MEBN UV VIS 1
mAU N & \BVL:210 nm
(92]
—

~

4.45

-20
200 5 SAT01364_MEB_pH5 UVv_VIS_1
mAU 4 K & V§VL:210 nm
N~ 4

-20

6 SAT01364_MEB_pHS8 UVv VIS 1
8 WVL:210 nm

mAU 8%

12.26

0.0 20 40 6.0 8.0 100 120
Ellﬁ 21. HPLC chromatograms maamsaﬁ'@mm%aﬂ Platystomum  scabridisporium
(SAT01364) Adeslu (1) 819117 MEB Juaaumsaan (1% screening; 3Uuuga) (2) 813
MEB ™ duaeumsUiviwasnemis (feldiffouifisuuasiiuannsdeiutuaawns
\Ran (1St screening), (3) 81%13 MEBS, (4) 81%13 MEBnico, (5) 81%1% MEB pH5, (6) 81913
MEB pH8 (3Ua9ga).



SAT01364_1stscreening_MEB

7000 AU 55 WVL:210 nm

2 SAT01364_MEB UV_VIS_ 1

200 mAU N WVL:210 nm

o
™

160 3 SAT01364 PDB UVv VIS 1
mAU Q N \BVL:210 nm
]
100+
-20
250 4 SAT01364 PDBS UVv VIS 1
mAU & WVL:210 nm|
N
—

min

0.0 20 40 6.0 8.0 100 120 |
Ellﬁ 22. HPLC chromatograms maamsaﬁ'@ﬁnm%aﬂ Platystomum  scabridisporium
(SAT01364) Lanslu (1) 81w13 MEB 4 Suaauwmsidon (1% screening: JUUUgQ) (2) 21W3
MEB ™ duaeumsUiviwasnams (feldiffouifisuuasiiuannsdeaiutuaawns

\Ran (1% screening), (3) 81%13 PDB, (4) 81#13 PDBS (3Uan9ga).

15.0



SAT01364_1stscreening_MEB
N~

mAU

2 SAT01364_MEB UV_VIS_ 1

(92]

mAU N \%VL:ZlO nm

600 3 SAT01364 Jackson UVv VIS 1
m AR @ & WVL:210 nm
o) oN

4 SAT01364_Tekeuchi UV VIS 1

mAU & WVL:210 nm

5 SAT01364_Czp malt UV VIS 1

7.77
13.37

-20 I I I I L L A N

—mAU N & WVL:210 nm
~

0.0 2.0 4.0 6.0 8.0 10.0 12.0

Ellﬁ 23. HPLC chromatograms maamsaﬁ'@mm%aﬂ Platystomum  scabridisporium
(SAT01364) ﬁL’gmlu (1) 81913 MEB b %%@]auﬂ’]ilﬁaﬂ (1St screening; gﬂuuq@) (2) 2%y
MEB ™ duaeumsUiviwasnams (feldiffouifisuuasiiuannsdeaiutuaawns
\dan (1St screening), (3) 81%13 Jackson, (4) 81%13 Tekeuchi, (5) 81%W13 Cpz malt (gﬂ

819gQ).

15.0



SAT01364_1stscreening_MEB
NI~

mAU

2 SAT01364_MEB UV_VIS_ 1

3

>
c
27

4 ™
—

V(AéVL:ZlO nm

3 SAT01364_SDB UV_VIS_ 1

é 12.28
E 13.36

WVL:210 nm

4 SAT01364 YOS UV VIS 1

2.47

WVL:210 nm|

5 SAT01364 YESD UV VIS 1

mAU Y WVL:210 nm

min

0.0 20 4.0 6.0 8.0 100 120 -
Ellﬁ 24. HPLC chromatograms maamsaﬁ'@mm%aﬂ Platystomum  scabridisporium
(SAT01364) ALanslu (1) 891w13 MEB m Tuaaumsidon (1% screening: JUUUgQ) (2) W3
MEB ™ duaeumsUiviwasnams (feldiffouifisuuasiiuannsdeaiutuaawns

\Ran (1% screening), (3) 81#13 SDB, (4) 81W13 YOS, (5) 81113 YESD (aUa9ga).

15.0



SAT01364_1stscreening_MEB
N~

mAU

2 SAT01364 MEB UVv VIS 1
\%VL:ZlO nm

(92}
—

3
g
27

300 3 SAT01364_GMixN UV_VIS_ 1
mAU g @ & WVL:210 nm
- ™ N
("B —
o

4 SAT01364 MMixN UV VIS 1
WVL:210 nm|

3
-
85|
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Palmarumycins P;—Ps {1-5), together with previously described decaspirones A and C (6, 7). palmar-
umycins CP3, CP4, CPy7, CRy, and M3 (8—12), and a known diaryl ether (13) were isolated from the
mangrove fungus BCC 25093, Compounds 1 and 6—8 showed antimalarial activity against Plasmodium
falciparum K1 with [C5g values ranging between 2.23 and 2.36 ug/ml, and exhibited antituberculosis
activity against Mycobacterium tuberculosis H37Ra with MIC values of 1.56 pgfml (for compounds 1 and

6), and 3.13 pg/ml (for compounds 7 and 8). Cytotoxicity to Vero cells were observed for these com-

Keywords:
Palmarumycin
Spirodioxynaphthalene
Pleosporales

Mangrove fungus
Antimalarial activity
Antituberculosis activity

pounds with [Csp values of 0.10—0.91 pg/ml.

@ 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Spirodioxynaphthalenes are a group of compounds consisting of
a 1,8-dihydroxynapthalene unit linked with a second oxidized
naphthalene moiety through a spiroketal linkage. These include
palmarumycins, cladospirones, diepoxins, decaspirones, pre-
ussomerins and spiroxins. They have been reported as fungal and
plant metabolites with a variety of biological activities, for example
anticancer, antibacterial, antifungal, antileishmanial activities.! In
our ongoing research on novel bioactive compounds from fungi,
strain BCC 25093 was isolated from an unidentified mangrove
wood, collected at Hat Khanom, Mu Ko Thale Tai Mational Park,
Surat Thani province, Thailand. This fungus was identified as
a member of the Pleosporales, which is the largest order in the
fungal class Dothideomycetes,” based on morphological and phy-
logenetic data. The crude extract of BCC 25093 showed anti-bac-
terial activity against Bacillus cereus with an MIC value of 100 pg/
mL. Further study of the large scale fermentation led to the isolation
and structure elucidation of five new palmarumycins P1—Ps (1-5),
known decaspirones A and C (6, '}"],1 palmarumycins CP3, % Pyt
CPy7,° CRy,” and M5° (8—12), and a known diaryl cthcr{‘l3)f"

* Corresponding author. Tel.: +66 2 5646700x3553; fax: +66 2 5646707; e-mail
address: taridaporn@biotec.or.th (T. Bunyapaiboonsri).

http:f/dx.doi.org/10.1016/j.1et.2015.06.061
0040-4020/@ 2015 Elsevier Ltd. All rights reserved.

2. Results and discussion

The crude EtOAc extract of the culture broth of BCC 25093 was
initially chromatographed on Sephadex LH-20, The resulting frac-
tions were further purified by silica gel chromatography and re-
versed phase HPLC to afford 3, 4 6-9, and 12. The crude mycelial
extract was separated by silica gel column chromatography to yield
11 after trituration the corresponding fraction with MeOH. Other
resulting fractions from silica gel column were further purified by
reversed phase HPLC to give 1, 2, 5, 8,10, and 13.

Palmarumycin Py (1) had a molecular formula C,1Hy305 as de-
duced from HRESIMS, Its IR spectrum revealed absorption bands at
1786 (butyrolactone) and 1689 (unsat. C=0) cm . Analysis of 2D
NMR data of 1 revealed a similar 1,8-dioxygenated naphthalene
moiety to other known palmarumycins."* ¥ However, the second
half of the molecule, which is usually a modified decalin or an
oxidized naphthalene moiety, was replaced by a cyclohexenone
connected to a B-methoxy-y-butyrolactone instead. The 'H NMR
and COSY spectra demonstrated spin systems as shown in Fig. 1. A
cyclohexenone ring was supported by key HMBC correlations from
H-3 and H-6 to spiroketal carbon C-1 (¢ 98.1), from H-2 and Hz-5 to
an o,-unsaturated ketone carbonyl C-4 {d¢ 195.8), from H-3 to C-5,
and from H-2 to C-6. The HMBC correlations from the methoxy
protons (8-OCH3) to C-8, from H-8 and H3-9 to lactone carbonyl
C-10 (dc 174.3), and from H-7 to C-1, C-5, and C-6 supported a fi-
methoxy-y-butyrolactone moiety and established its connectivity
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Fig. 1. COSY (in bold) and key HMBC correlations for 1.

to the cyclohexenone ring at C-6. The 1,8-dioxynaphthalene frag-
ment was linked to the cyclohexencone via a spiroketal carbon C-1.
The large coupling constant between H-5f and H-6 (J=10.9 Hz)
suggested a pseudo-chair conformation of the cyclochexenone ring,
and a pseudo-axial position of H-6. NOESY cross peaks (observed in
CDClz) from H-7 to H-5p and H-9f3, from the methoxy protons
{8-0CH3} to H-94 and H-2', and from H-6 to H-8 supported the
relative stereochemistry of the -methoxy-y-butyrolactone and its
attachment to the cyclohexenone ring as shown in Fig. 2. Based on
inspection of the structures, it is reasonable to assume that pal-
marumycin Pq (1) is biogenetically derived from palmarumycin CP5
(8). This was supported by treating 8 with K3COs in MeOH—CH,Cl,
(1:1) at room temperature for 3 h, which gave a trace amount of 1
as shown in Scheme 1. 'H, '*C NMR and MS data of a fraction ob-
tained after partial purification of the crude reaction mixture with
silica gel and Sephadex column chromatography showed an ex-
cellent match with those observed for 1

Palmarumycin P, {2) was isolated as a yellow powder. Its HRE-
SIMS exhibited the [M+Na]" peak at mjz 359.0899, indicating
a molecular formula of C33H1605 and thus thirteen degrees of
unsaturation. Analysis of H NMR, B¢ NMR, COSY, HMQC, and
HMBC spectra of 2 revealed a close similarity to those of

Ka2CO;3, MeOH
rt, overnight

Moy
)

palmarumycin CP3 (8),* except that the «,f-unsaturated ketone
carbonyl at C-5 (4c 189.9) in 8 was reduced to a hydroxyl function
(6ufc 4.17/69.1, 6y 4.72, 5-0H) in 2. Neither vicinal coupling nor
a COSY correlation was observed between H-5 and H-6, suggesting
that the dihedral angle was close to 90°. COSY data and HMBC
correlations from H-2 to C-1, C-4, and C-8a; from H5-3 to C-1, C-4,
and C-4a; from H-4a to C-1, C-4 and C-6; and from H-5 to C-4 and C-
7 established the structure of the decalin moiety. The molecular
formula, degrees of unsaturation, and the HMBC correlation from
H-2 to C-8 suggested the oxygen bridge between C-2 and C-8, while
the small coupling constant of 4.2 Hz between H-4a and H-8a in-
dicated a cis-ring junction. Since these two protons were oriented
in the «-position, therefore it is proposed that the oxygen bridge is
on the p-face. The relative configuration of H-5 was deduced based
on NOESY correlation observed between H-5 and H-8a (Fig. 3).

Fig. 3. Selected NOESY correlations for 2.

Palmarumycin P3 (3) was isolated as a white solid. Its HRESIMS
displayed a molecular jon [M+Na]t at mfz 377.0998, which was
consistent with the molecular formula of CgHq30g and twelve
degrees of unsaturation. Its molecular formula differed from that of
2 by the addition of cne oxygen and two hydrogen atoms. The 'H
and >C NMR spectra of 3 demonstrated two additional hydroxy
protons (4 5.02, 2-0H; 44 3.98, 8-OH) and upfield shifts of two
oxygenated methines (éc 67.0, C-2; é¢ 62.1, C-8) in comparison to 2
{(6c 759, C-2; é¢c 716, C-8). According to these data, the oxygen
bridge between C-2 and C-8 for 2 was opened to yield two hydroxyl
groups for 3. The relative stereochemistry of 3 was deduced from
514 u coupling constants and NOESY spectroscopic data. The large
coupling constant, Jya-nsa ©f 13.3 Hz and Jyaaps of 8.8 Hz, sug-
gested a frans-ring junction and an axial position of H-5. The
equatorial position of H-2 and H-8 were supported by the small
coupling constants, 3]1—1271-13[3 of 3.1 Hz and %jyg_yg. of 2.8 Hz.

Palmarumycin P, {4} possessed the molecular formula C;gH;505
as deduced from HRESIMS. Analysis of NMR spectroscopic data of 4
revealed the similarity to those of 3, except that the methine at C-4a
{(6ufc 3.18/47.7) and the hydroxymethine at C-5 (énfc 4.52/674, &u

6 oM
O‘ OCH,

1 (trace)

Scheme 1. Proposed mechanism for the observed chemical conversion of palmarumycin CP3 (8) to palmarumycin Py (1)
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Table 1
TH {500 MHz) and C NMR (125 MHz) data for palmarumycin Py (1) in acetone-dg

Position &y, mult. (] in Hz) oc HMBC NOESY?®
1 98.1
2 6.87,d (10.3) 141.7 C-4,C-6 H-3
3 6.07, dd {10.3, 0.7) 131.7 C-1,C5 H-2
4 1958
5 296, dd (173, 10.9) 35.7 C-1, C4, C-6, C-7 H-5u, H-6, H-7

o 2.85, mP C-1, C-3, C4, C-6, C-7 H-58, H-6
6 3.49, ddd (10.9, 6.0, 5.1) 41.5 C-1,C4, C-5,C-7f8 H-50, H-58, H-7, H-8
7 5.11, dd (6.0, 3.9) 79.9 C-1,C-5,C-6,C-8 H-58, H-6, H-8, H-93
8 427, dd (44,3.9) 79.0 C-7, C-10, 8-0CHz H-6, H-7, 8-OCHz, H-9z, H-9f
9 32.85, m" 347 C-8,C-10 H-7, H-8

%266, d (17.5) H-8, 8-0CH;
10 1743
1 146.8"
2 7.10,d (7.6 109.98 C-1,C4, C-84 H-3, 8-0CH;
3 7.56, dd (8.4, 7.6)El 127.7 C-1, C4a H-2/, H-4
4 765, d (84F 121.20 C-2/, C4a, C-5' H-3
43’ 1344
5 763, d (8.5 121.1° C-4, C4a, C-7 H-6/
& 752, dd (8.5, 7.5)El 127.7 C-4a', C-8& H-5', H-7
i 705, d (7.5 109.5% C-5, C-8,C-8a H-6
g 146.6°
8a’ 1135
8-0CH3 340, s 56.1 C-8 H-8, H-9z, H-2/

b Gignals with the same index may be interchanged.
2 NOESY correlations observed in CDCl3 (400 MHz).
 gverlapped.

3.97, 5-OH} in 3 were replaced by a trisubstituted olefin (4¢ 130.9, C-
4a; dyfc 7.18§129.9, CH-5) in 4. The presence of an #,f-conjugated
double bond resulted in the upfield shift of the ketone carbonyl {éc
193.8, C-4) in 4 when compared to that of 3 (§c 210.7).

Palmarumycin P5 {5) possessed the molecular formula C31H; 505
on the basis of HRESIMS. 'H and '*C NMR data of 5 were similar to
those of the known compound palmarumycin JC2 isolated from the
stems of Jatropha curcas,'” except that the hydroxyl at C-2 of pal-
marumycin JC2 was replaced by a methoxy group (/¢ 3.28/58.6, 2-
OCHs) in 5. As the specific rotation of 5 was dose to zero ([a]5*
42.64) in comparison to that reported for palmarumycin JC2 ([«
+131.9]),"" it is most likely that 5 was obtained as a racemic mixture
rather than a pure stereocisomer.

Spectroscopic data of 6—13 were consistent with those reported
in the literature for the known decaspirones A and C,3

Table 2
TH {500 MHz) data for palmarurnycins P,—Ps (2—5) in acetone-dg

palmarumycins CP3,*° CP,,* CP178 CRy,” and My,* and diaryl ether
13,° respectively. The relative configuration of palmarumycin CRy
(11}, which had not been reported in the literature, was deduced as
depicted based on 3}y y coupling constants and NOESY data (see,
Experimental).

Biological activities, including antimalarial, antituberculosis,
antibacterial, and cytotoxic activities, of compounds 1-3, 58, 10,
and 11 are presented in Table 4. Compounds 1 and 6—8 exhibited
antimalarial activity against Plasmodium falciparum K1 with similar
IC50 values (2.23—2.36 pgfml}, and also displayed antibacterial ac-
tivity against Bacillus cereus with MIC values of 25 pg/ml (for 1}, and
12.5 pg/ml (for 6-8). Growth inhibition against Mycobacterium
fubercutosis H37Ra was also cbhserved for compounds 1 and 6 with
MIC=156 pg/ml, while 7 and 8 showed a weaker activity with
MIC=3.13 pg/ml. Compeounds 1-3, 6—8 and 11 exhibited cytotoxic

Position 2 3

4 5

by, mult. {f in Hz)

&g, mult. (f in Hz)

dy, mult. (J in Hz)

dy, mult. (J in Hz)

7
2-0H
2-0CH;3
5-0H
8-0H

440, ddd (3.4, 1.9, 1.4)
2.95, ddd (18.3. 1.9, 1.0)
2.56, ddd (18.3, 34, 0.8)

3.13, dddd (49, 4.2, 1.0, 0.8)

417, m
5.92, dd (10.1)

5.85, ddd (10.1, 4.0, 2.4)
467, dd (45, 4.0)

2.96, ddd (4.5, 4.2, 1.4)
7.19,d (7.6

7.53,dd (8.3, 7.6°

7.66, d (8.3)

7.64,d (8.3)

7.54, dd (8.3, 7.6°
7.10,d (7.6

472,d(109)

4.31, ddd (35, 3.5, 3.1)
#3.06,dd (15.1,3.1)
2237, dd (15.1, 3.5)
3.18,dd (133,88}
452, m

5.73,dd (10.1,2.3)
5.89, ddd (10.1,54, 2.0)
475, ddd (54, 4.3, 2.8)
2.83,dd(13.3,2.38)
7.07,d (7.6)¢

7.48, dd (8.2, 7.6)°
7.56, d (8.2)°

7.56, d (8.2)¢

749, dd (8.2, 7.6)°
6.97, d (7.6)°

5.02, brd (3.5)

3.97,d(3.4)
3.98. d (4.3)

440, ddd (4.1, 3.8, 3.6)
2.86, dd (183, 41)
2.53, dd (18.3, 3.6)

7.18, ddd (5.5, 3.7, 0.8)
.41, dd (9.4, 5.5)
6.48, dd (9.4, 5.5)
477, ddd (55, 5.3, 42)
3.65,dd (4.2, 3.7)
7.02,dd (7.5, 0.5)
751,dd (83, 7.5
757, mt

7.57, mt

747, dd, 83, 76)%
6.98, d (7.6)°

5.08, brd (3.8)

3.79.d(5.3)

419, dd (3.5, 3.0)
3.30,dd(17.8.3.0)
2.96, dd (17.8, 3.5)

7.10, dd (8.4, 0.9)
7.71,dd (8.4, 7.7)
7.48,dd (7.7, 0.9)

7.16, dd (7.4, 0.9)°
7.58, dd (8.3, 7.4
7.65, d (8.3)
7.63, d (8.4)
7.51,dd (8.4, 7.6}
7.00, dd (7.6, 0.5)®

3.28,s
12355

=i Signals with the same index may be interchanged.

L Overlapped.
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Coniothyrium palmarum,*® Fdenia sp..® and Microsphaeropsis sp.,
respectively, all of which belong to the same order, Pleosporales.>!!

4. Experimental
41. General experimental procedures

Optical rotations were determined using a JASCO P-1030 digital
polarimeter. UV and IR spectra were taken on a GBC Cintra 404 V-
Visible spectrophotometer and a Bruker VECTOR 22 spectrometer,
respectively. NMR spectra were taken on a Bruker AV500D spec-
trometer. ESI-TOF mass spectra were recorded on a Bruker micrO-
TOF mass spectrometer.

4.2. Fungal material

The fungus was isolated from an unidentified mangrove wood
collected at Hat Khanom, Mu Ko Thale Tai National Park, Surat Thani
province, Thailand. The fungus was deposited at the BIOTEC Culture
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Table 3

BC NMR (125 MHz) data for palmarurnycins P;—Ps (2-5) in acetone-dg
Position 2 3 4 5
1 106.3 102.6 103.7 99,0
2 75.9 67.0 64.9 75.7
3 47.0 446 428 40.2
4 214.7 2107 193.8 202.0
4a 47.3 47.7 1309 1154
5 69.1 674 129.9 161.9
6 1375 131.8 1248 119.1
7 1259 128.8 1344 137.0
8 716 62.1 60.4 117.5
8a 424 41.8 434 139.3
v 147.4° 146.6° 146.9 147.2%
b 109.5° 109.1° 100.8 109.6°
3 127.7¢ 12752 1275% 127.9°
& 1216° 1206" 1204! 120.99
43 134.7 134.2 134.2 134.3
5 121.14 12030 120.6! 121.0°
& 1276° 127 6% 1276" 127.7°
7 109.8° 109.7¢ 109.0 108.7°
& 147.12 146.9° 146.7 147.4%
8a’ 114.1 113.7 1136 113.3
2-0CH;5 58.6

2P Signals with the same index may be interchanged.

activities against Vero cell lines with 1Csg values ranging between
0.10 and 3.95 pug/ml. From these results, it is possible to conclude
that the ¢,3-unsaturated ketone might be the key functionality that
is responsible for the inhibitery activity of these compounds.

Antibacterial activity in agar diffusion test had been previously
reported for compounds 6—9 and 12.3*% Antifungal activity against
Aspergillus flavus and Fusarium verticillioides had also been ob-
served for compounds 6 {with respective MIC values of approxi-
mately 10, and 5 pg/ml) and 7 (with respective MIC values of >25,
and 25 pg/ml).* Antileishmanial activity and cytotoxicity to Vero
cells had been described for compound 10 with ICs5g values of 1.34
and 174 uM, respectively.®

3. Conclusion

In this study, palmarumycins P1—Ps {1-5}, the known deca-
spirones A and C (6, 7}, palmarumycins CP3, CP4, CP17 CRy, and M3
(8—12), and a known diaryl ether (13} were reported from the
mangrove fungus BCC 25093, which was identified as a member of
Pleosporales. Of these known secondary metabolites, palmar-
umycins CP5 (8}, CP4 (9), and diaryl ether 13; palmarumycin CPy7
(10}; and palmarumycin M; (12} had been reported from

Table 4
Biological activities of compounds 1-3, 5-8, 10, and 11

Collection as BCC 25093 on April 5, 2007. Total genomic DNA was
extracted from lyophilized mycelia.'” The large subunit (LSU) and
ITS1-5.85-1TS2 rDNA regions were amplified by PCR using the
universal primers ]S1, JS5, LR7, ITS4 and ITS5."® Purified PCR prod-
ucts were sequenced by Macrogen Inc., Korea. Phylogenetic analysis
of the sequence data using BicEdit 7.0.5.3' and Paup 4.0b10"°
programs indicated that this fungus was a member of the order
Pleosporales (class Dothideomycetes). According to limitations of
the existing phylogenetic database and uncertain taxonomic status
of this order, it is at present not possible to identify strain BCC
25093 at genus or species level'® The fungal DNA sequences have
been submitted to GenBank with accession numbers KJ629168
{LSU rDNA} and KJ629169 (ITS1, ITS2, and 5.85 rDNA), respectively.

4.3. Fermentation, extraction, and isolation

BCC 25093 was maintained on potato dextrose agar (PDA) at
25 °C. The agar blocks (4x1 cm?) were finely chopped and trans-
ferred into Erlenmeyer flasks (4 x250 mL), each containing 25 mL of
potato dextrose broth (PDB). After incubation on a rotary shaker
{200 rpm)} for 4 days, the primary seed culture (4x25 mL} was
transferred into Erlenmeyer flasks (4x1 L), each containing PDB
{250 mL}), then fermented on a rotary shaker (200 rpm) for 4 days.
The secondary seed culture (40x25 mL) was subsequently trans-
ferred into Erlenmeyer flasks (40x1 L), each containing PDB
{250 mL), then cultured at 25 °C for 20 days on rotary shakers
{200 rpm). The culture was filtered to separate broth and mycelia.

Compound P. falciparum (ICsg, pgfml) M. tuberculosis (MIC, ug/ml) B. cereus (MIC, pug/ml) Vero cell lines (ICsq, pg/ml)
1 2.36 1.56 25 0.79

2 =10 =50 =25 0.18

3 =10 125 =23 395

5 =10 =50 =23 =50

6 2.30 1.56 125 0.18

7 228 3.13 125 0.91

8 2.23 3.13 125 010

10 =10 =30 =25 =50

11 =10 125 =25 354
Dihydroarternisinin® 0.0004 — — —

Isoniazid® — 0.023-0.047 — —
Vancomyein® — — 2.0 —
Ellipticine? — — - 1.79-2.43

® standard anti-malarial drug against P. falciparum.
® Standard ant-tuberculosis drug against M. tuberculosis.
¢ Standard enti-bacterial drug against B. cereus.

¢ Standard compound for cytotoxicity assay against African green mankey kidney fibroblast (Vere) cells.
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The culture broth was extracted three times with an equal volume
of EtOAc (3x10 L). The organic layer was concentrated under re-
duced pressure to obtain a brown gum (3.87 g). The crude extract
was fractionated by Sephadex LH-20 column chromatography
{elution with 100% MeOH) to provide 10 fractions { 1-10}. Fraction 4
(600 mg} was subjected to a silica gel column chromatography
(step gradient, elution with 0—30% acetone in CH,Cl,) to afford 10
fractions (4-1—4-10). Fraction 4-4 (394 mg) was further purified by
preparative HPLC using a reversed-phase column (SunFire C18
column, 19x250 mm, 10 pm; flow rate 15 mL{min) and a linear
gradient of MeCN:H,0 (50:50 —60:40) over 25 min to yield deca-
spirone A {6, 33.0 mg, tp 7.1 min) and decaspirone C (7, 25.4 mg, tp
9.2 min). Fraction 4-6 (28 mg) was separated by semi-preparative
HPLC {SunFire C18 column, 19x150 mm, 5 pm; flow rate 10 mL/
min} using a linear gradient of MeCN:H>O (40:60—70:30} over
25 min to yield palmarumycin M> {12, 16.4 mg, r 5.8 min} and
palmarumycin P4 (4, 2.6 mg, tr 7.0 min). Fraction 4-7 (181 mg) was
purified by preparative HPLC using a linear gradient of MeCN:H30
(30:70—50:50) over 25 min to yield palmarumycin P (3,120.2 mg,
tr 9.3 min}. Fraction 5 (593 mg} was subjected to silica gel column
chromatography (step gradient, elution with 0—10% MeOH in
CH,Cl;) to obtain 11 fractions (5-1—5-11). Fraction 5-4 {55 mg) was
separated by semi-preparative HPLC using a linear gradient of
MeCN:H;0 (0:100 —100:0} over 25 min to yield palmarumycin CP5
(8, 15.6 mg, tg 20.1 min}), and palmarumycin CP4 (9, 20.4 mg, g
21.2 min). Fraction 5-8 (214 mg) was purified by preparative HPLC
using alinear gradient of MeCN:H;0 (0:100— 100:0} over 25 min to
vield palmarumycin M, {12, 78.9 mg, fp 21.2 min).

The mycelia cakes were extracted with MeOH and filtered. To
the filtrate was added HpO (100 mL) and washed with hexane
(800 mL). The aqueous MeOH layer was concentrated under re-
duced pressure. The residue was dissolved in EtOAc (700 mL) and
washed with HpO (200 mL). The organic layer was concentrated
under reduced pressure to provide a dark brown gum (2.48 g). The
crude mycelial extract was separated by silica gel column chro-
matography {step gradient, elution with 0—10% MeCH in CH,Cl;) to
provide 12 fractions {1—12). Fraction 3 (122 mg) was further puri-
fied by semi-preparative HPLC using a linear gradient of MeCN:H,0
(50:50 —100:0} over 25 min to yield palmarumycin CPy7 (10,
51.7 mg, tg 15.8 min} and palmarumycin Ps (5, 3.8 mg, ig 18.6 min}.
Fraction 6 (196 mg} was further purified by semi-preparative HPLC
using a linear gradient of MeCN:H,0 (20:80 —90:10)over 25 min to
vield palmarumycin CP3 (8, 64.2 mg, tx 19.0 min). Fractions 8
(73 mg) and 10 (252 mg) were further purified by semi-preparative
HPLC alinear gradient of MeCN:H,0 {45:55 —65:35) over 25 min to
yield palmarumycin Py (2, 12.3 mg, fp 15.5 min) and P4 (1, 3.7 mg, (g
23.3 min} from fraction 8; and a diaryl ether {13, 50.0 mg, fp
13.2 min) from fraction 10. Fraction 12 (37 mg) was triturated in
MeOH (5.0 mL} and then filtered to leave a white solid palmar-
umycin CR; {11, 6.7 mg).

4.31. Palmarumycin Py (1). Yellow powder; mp 112—114 °C; [z]f®
+139.9 (¢ 0.18, MeOH); UV (MeOH) Anax (log e) 200 (3.76), 225
(3.78), 271 (3.94) nm; IR (KBr) ¥max 2929, 1786, 1689, 1608, 1414,
1382, 1275, 1155, 1092, 919, 824, 759 cm '; 'H and *C NMR data,
see Table 1; HRMS (ESI-TOF) mjz 389.1005 [M+Na]' (calcd for
Cy1H,g0gNa, 389.1001 )

4.3.2. Palmarumycin Py (2). Yellow powder; mp 211-213 °C; [¢]¥
—100.2 (c 0025, CHyCly); UV (MeOH) hnax (Jog ) 202 (3.77}, 226
(4.03), 275 (3.60), 327 (2.89) nm; IR (KBr) ry.y 3484, 2916, 1703,
1610, 1410, 1378, 1274, 1049, 821, 758 cm !; 'H and C NMR dara,
see Tables 2 and 3; HMBC (acetone-ds, 500 MHz} H-2/C-1, C-4, C-8,
C-8a; Hp-3/C-1, C-2, C-4, C-4a; H-4a/C-4, C-5, C-6, C-8, C-8a; H-5/C-
4, C-4a, C-6, C-7; 5-0H/C-4a, C-5; H-6{C-4a, C-5, C-8; H-7/C-5, C-8,
C-8a; H-8/C-4a4, C-6, C-7; H-83/C-1, C-2, C-4, C-5; H-2//C-1", C-4', C-

8a’: H-3'/C-1', C-2', C-4a'; H-4'JC-2', C-4a', C-8', C-8a'; H-5'jC-1, C-
4a', C-7', C-8a’; H-6'[C-4a’, C-7', C-8'; H-7'/C-5', C-8', C-8a’; NOESY
(CDCls, 500 MHz) H-2/H;-3, H-34/H-4a, H-4a/H-5, H-4a/H-8a, H-5/
H-6, H-5/H-8a, H-6/H-7, H-7/H-8, H-8/H-8a, H-2'/H-3', H-3'/H-4',
H-5//H-6', H-6'JH-7'; HRMS (ESI-TOF} mjz 359.0899 [M+Na]t
(calcd for CpH1605Na, 359.0895).

43.3. Palmarumycin P; (3). White solid; mp 146—148 °C; [a]§
—107.9 (c 0.05, MeOH); UV (MeOH) hy. (log &) 327 (3.55) nm; IR
(film, CHCl3) »pa, 3385, 2918, 1704, 1607, 1412, 1380, 1274, 1112,
1031, 817, 758 cm '; 'H and C NMR data, see Tables 2 and 3;
HMBC {acetone-dg, 500 MHz) H-2/C-1, C-4; H,-3/C-1, C-2, C-4, C-
4a; H-4a/C-4, C-5, C-8, C-8a; H-5/C-4, C-6, C-7; 5-0OH/C-5, C-6; H-6/
C-4a,C-7,C-8; H-7/C-5, C-6,C-8, C-8a; 8-OH/C-7, C-8; H-8a/C-1,C-2,
C-4a, C-5; H-2'jC-1', C-4, C-8a'; H-3'/C-1/, C-2', C-4a'; H-4']C-2', C-
42/, C-8', C-8a'; H-5'/C-1", C-4a', C-7', C-8a'; H-6'{C-44, C-7', C-8'; H-
7'jC-5', C-8', C-8a'; NOESY (acetone-ds, 500 MHz) H-2/2-OH, H-2/
Ha-3, H-30/H-4a, H-4a/H-5, H-4a/H-8a, H-5/5-0H, H-5/H-6, H-5/H-
8a, H-6/H-7, H-7/H-8, H-8/8-0H, H-8/H-8a, H-2//H-3', H-3'/H-4', H-
5'{H-6', H-6'/H-7'; HRMS (ESI-TOF) mjz 377.0998 [M+Na]* (calcd
for ngngOGNa, 377.1001 )

434, Palmarumycin Py (4). White powder; mp 124-126 °C; [«]§
—156.11 (¢ 0.165, MeOH}); UV (MeOH) hpay (log &) 225 (4.78), 299
(4163, 327 (3.78) nm; IR (film, CHCls) 7. 3399, 2918, 1675, 1069,
1552, 1414, 1381, 1274, 1166, 1048, 822, 759 cm '; 'H and *C NMR
data, see Tables 2 and 3; HMBC (acetone-dg, 500 MHz) Hy-3/C-1, C-
2, C-4; H-5{C-4; H-6{C-4a, C-8; H-7{C-5, C-8, C-8a; H-8/C-4a, C-6, C-
7; 8-0OH/C-7, C-8; H-2'/C-1/, C-4', C-8a'; H-3'{C-1", C-4a'; H-4'jC-2/,
C-4a/, C-8', C-8a’; H-5/{C-1", C-4a', C-7', C-8a'; H-6'/C-4a’, C-8'; H-7'/
C-5', C-8', C-8a’; NOESY (acetone-ds, 500 MHz) H-2j2-0H, H-2/H;-
3, H-5/H-6, H-6 /H-7, H-7/H-8, H-8/8-0H, H-8/H-8a, H-2'/H-3', H-3'/
H-4', H-5'fH-6', H-6'/H-7"; HRMS (ESI-TOF} m/z 359.0892 [M+Na]*
(caled for CagH1605Na, 359.0890).

4.3.5. Palmarumycin Ps {5). Yellow powder; mp 163—165 °C; [«]&*
12.64(c 0.1, MeOH}; UV (MeOH} hpax (log £) 224 (511}, 256 (4.24),
299 (4.26), 327 (4.27) nm; IR (film, CHCla) rmax 3430, 2921, 1652,
1413, 1358, 1264, 1107, 1074, 974, 750 cm '; 'H and *C NMR data,
see Tables 2 and 3; HMBC {acetone-tlg, 500 MHz} H-2{C-1, 2-OCHs,
C-4; Hy-3/C-1, C-2, C-4, C-4a; 5-0H|(C-4a, C-5, C-6; H-6/C-43, C-5, C-
8: H-7/C-5, C-8a; H-8/C-1, C-4a, C-6, C-7; H-2'/C-1', C-4', C-8a'; H-
FjC-1', C-4a’; H-4//C-2', C-4a', C-8a'; H-5'/C-4a', C-7', C-8a"; H-6'/C-
4o, C-7', C-8'; H-7'{C-5', C-8a"; NOESY (acetone-dg, 500 MHz) H-2/
2-0CHs, H-2/H,-3, H-6/H-7, H-7/H-8, H-2'/H-3', H-3'/H-4', H-5'fH-
6', H-6'/H-7'; HRMS (ESI-TOF} myjz 371.0905 [M-+Na]" (calcd for
C21H1505Na, 3710890)

43.6. Palmarumycin CR; (11). White solid; mp 270—272 °C; [¢]§"
—12.57 (¢ 0.2, MeOH}: 'H and "*C NMR spectroscopic data were
identical to those reported in the lil:erature;7 NOESY {acetone-dg,
500 MHz) Ha-2/Hz-3, H-20/H-8a, H-20/4-OH, H-2[3H-4, Hy-3/H-4,
H-30/4-0H, H-3(/H-4a, H-4/H-4a, H-4/4-OH, 4-OH/H-8a, H-4a/H-5,
H-4a/8-OH, H-4a/H-8a, H-5/H-6, H-5/5-0H, H-5/H-8a, H-6/5-OH,
H-6/H-7, H-7/H-8, H-8/8-OH, H-8/H-8a, H-2'/H-3', H-3 /H-4, H-5/]
H-6', H-6'/H-7".

4.4, Chemical transformation of palmarumycins CPs (8) to
palmarumycins P (1)

To a solution of 8 {10.5 mg, 31.4 umol} in MeOH—CH,Cl, (1:1,
2 mL) was added KyCO5 (ca. 10 mg). The resulting mixture was
allowed to stir at rcom temperature for 3 h, and then concentrated
by evaporation under reduced pressure. The residue was dissolved
in EtOAc (3 mL), washed with aq NaHCOz (1 M, 1 mL), and then HoO
{1 mL}. The organic layer was concentrated in vacuo. The residue



5578

(14.8 mg) was purified by silica gel chromatography (step gradient,
elution with 0—10% MeOH in CH,Cl;)} to give 10 fractions (1-10).
Fraction 3 {2.1 mg} was further purified by Sephadex LH-20 column
chromatography (elution with 100% MeOH} to provide 8 fractions
{3-1-3-8). 'H, 3C NMR and MS data of fraction 3—4 (0.4 mg}
supported formation of 1. This fraction contained about 40% of 1 by
'"H NMR integration {ca. 0.4 umol, 1.4% yield).

4.5. Biological assays

Assay for activity against Plasmodium falciparum (K1, multi-drug
resistant strain} was performed using the microculture radioiso-
tope technique.” Antibacterial activity against Bacilfus cereus was
evaluated using the resazurin microplate assay.'® Minimum in-
hibitory concentraticn (MIC} corresponding to 90% inhibition was
determined. Green fluorescent protein-based assay was used to
determine growth inhibition against Mycobacterium tuberculosis
H37Ra and cytotoxicity against African green monkey kidney fi-
broblast {Vero) cells."”
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The novel compounds, astronypyrone, astronyquinone, and astronyurea, together with three known com-
pounds, xestodecalactone A, ent-coryoctalactone B, and dimethoxy-O-methylpulvinone were isolated
from the marine-derived fungus Astrosphaeriella nypae BCC 5335. Their structures were elucidated on
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Fungi in Pleosporales {the largest order in the fungal class Doth-
ideomycetes) have been reported to produce various secondary
metabolites, for example; naphthoquinone spiroketals,' spirolac-
tones,” nonadrides,” phthalides,” terpenoids,” and polyketides.®
Astrosphaeriella is a fungal genus belonging to this order. It con-
tains approximately 61 species,” and can be found in different
habitats, such as terrestrial palm, bamboo, stout grass, freshwater,
and intertidal regions.® Secondary metabolites produced from the
genus Astrosphaeriella have been scarcely explored. To the best of
our knowledge, only three new naphthoquinones (astropaqui-
nones A-C) and a known 6-hydroxy-2,4-dimethoxy-7-methylan
thraquinone have been reported from Astrosphaeriella papuana.’
As part of our ongoing research on novel bioactive compounds
from fungi, Astrosphaeriella nypae BCC 5335 was isolated from Nypa
fruticans, a brackish water palm, collected at the Samut Prakan Pro-
vince, Thailand. The study of the large scale fermentation of this
fungus led to the isolation and elucidation of the structure of
astronypyrone, astronyquinone, and astronyurea [a new pyrone,
naphthoquinone, and cyclic urea respectively {1-3)] together with
three known compounds, xestodecalactone A (4),'"'" ent-coryoc-
talactone B (5),'? and dimethoxy-0O-methylpulvinone (6)."*

# Corresponding author. Tel.: +66 2 564 6700x3553; fax: +66 2 564 6707.
E-mail address: taridaporn@biotec.or.th (T. Bunyapaiboonsri).

http:{/dx.doi.org/10.1016/j.tetlet.2016.02.002
(040-4039/® 2016 Elsevier Ltd. All rights reserved.

Fractionation of the EtOAc extract from the culture medium of
BCC 5335, utilizing Sephadex LH-20 column chromatography, pro-
vided 11 fractions. Fraction 2 was subsequently purified by silica
gel column chromatography and reversed-phase HPLC to afford
1. Fraction 4 was purified by Sephadex LH-20 column chromatog-
raphy and reversed-phase HPLC to afford 2-5. Compound 6 was
obtained from the crude extract of the culture mycelia after purifi-
cation by Sephadex LH-20 column chromatography and reversed-
phase HPLC.

Astronypyrone {1)'* was isolated as a yellow-brown solid with
a molecular formula of C,4H.205 as established by HRESIMS. Its '*C
NMR and DEPT spectra (Table 1) revealed resonances of a conju-
gated aldehyde (3¢ 192.3), two ester carbonyl/quaternary sp® oxy-
carbons (6¢ 163.2 and 160.4), four olefinic/aromatic methine
carbons (d¢ 159.9, 149.3, 129.8, and 128.8), four quaternary sp?/
hemiacetal carbons (&c 134.4, 109.8, 108.9, and 96.8), an oxy-
methylene (d¢ 72.1), two methines (éc 45.8 and 44.8), two
methylenes (é- 23.4 and 18.5), and three methyl groups (8¢ 21.7,
17.4, and 12.4). Analysis of the 2D NMR data of 1 indicated a sim-
ilar core structure to that of the known penicipyrone, previously
described from the marine-derived fungus Penicillium sp. PSU-
F44." The differences were the presence of a trans-2-pentenal at
C-11 and the lack of a methyl group at C-12 in 1 when compared
to penicipyrone. The trans-2-pentenal unit was deduced from the
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NMR spectroscopic data of 1, 3 ["H (500 MHz) and **C (125 MHz)], and 2 ['H (400 MHz) and **C (100 MHz)] in acetone-ds

Pesition 1 2 3
éu. mult. (f in Hz) ¢ &, mult. (J in Hz) de S, mult. (J in Hz) Sc
1 163.2 188.1 155.6
2 56.8 116.7
3 253, m 185 2.75,dd (15.4) 176 3.31,ddd (12.6, 3.4, 2.9) 373
2.61, dd (15.4, 6.6) 3.07,ddd (12,6, 5.0, 1.9)
4 225, ddd (11.4,5.2,2.6) 458 230, dd (116, 6.6) 4532 198, ddd (95,34, 1.9) 485
5 2.60,dg (114, 8.7) 448 2.71,dq (11.6, 8.6) 448 296, dddd (9.5, 8.8, 8.5, 8.3) 45.0
6 4.01, dd (8.7, 8.6) 2 4.11,dd (8.7, 8.6) 72.0 3.93,dd (3.4, 8.3) 703
3.65, dd (8.7, 8.6) 3.70, dd (8.7, 8.6) 347, dd (8.5, 8.4)
8 109.8 106.8 813
10 160.4 1534 5.3%,ddq (15.1, 8.8, 1.5) 131.0
11 108.9 178.1 5.57,ddq (15.1, 0.6, 6.4) 127.2
12 735, 8 1493 1334 1.66, dd (6.4, 1.5) 17.1
13 1344 7.03,d(1.6) 107.5% 1.46, s 27.0
14 7.03,£(7.6) 159.9 163.6°
15 2.37, quin (7.6) 234 6.58, d (1.6) 107.6"
16 111,£(7.6) 12.4 163.3°
17 954, s 1923 107.9
18 5.35,ddq (15.1, 8.7, 1.5) 128.8 5.37.dd (15.1, 8.6) 1264
19 556, dq (15.1, 6.4) 128.8 5.58, dq (15.1, 6.4) 128.8
20 1.67,dd (6.4, 1.5) 17.4 1.67,d(6.4) 17.1
21 144, s 217 1.54, s 21.7
16-CH 1251, s
NH 569, brs
5.66, br s

b Interchangeable signals.

CH3-CH,-CH system, HMBC correlations from the olefinic proton
H-14 {(§ 7.03, t, j= 7.6 Hz) to the aldehyde carbon {§: 192.3, C-
17), and a NOESY cross peak between H-14 and the aldehyde pro-
ton H-17 (dy 9.54, s). The sp® methine proton H-12 {4y 7.35, s)
showed HMBC correlations with C-1, C-10, C-11, and C-13.
Selected COSY and HMBC correlations supported the planar struc-
ture of 1 as shown in Figure 2. A NOESY correlation between H-4
and Hs-21 suggested a cis-ring junction between the tetrahydrofu-
ran and dihydropyran moieties. The large coupling constant, fi.41-5
of 11.4 Hz, and a strong NOESY correlation between H-4 and H-18
indicated that the frans-propenyl unit and proton H-4 were on the
same face. Therefore, the relative configuration of 1 was proposed
as depicted in Figure 1.

Astronyquinone (2)'° was obtained as an orange solid. Its HRE-
SIMS displayed a [M+Na]" peak at mfz 365.0997, indicating a
molecular formula of C;gH;30s. The absorption bands at 1671,
1635, and 1615 cm™! in the IR spectrum, and an absorption max-
ima at 441 nm in the UV spectrum suggested the presence of a
5-hydroxy-1,4-naphthoquinone derivative. Analysis of the 2D
NMR data of 2 revealed a similar tetrahydrofuran-dihydropyran
subunit to 1, while the 2-pyrone moiety of 1 was substituted by
a 5,7-dihydroxy-1,4-naphthoquinone in 2. The 'H NMR spectrum
displayed signals of two meta-coupled aromatic protons [dy 7.03
(d,J=1.6Hz,H-12) and 6.58 {d, f = 1.6 Hz, H-15}], and one chelated
hydroxyl proton [ég 12.51 {s, C-16-0H)] for the naphthoquinone
moiety. The chelated hydroxyl proton (C-16-OH) showed HMBC
correlations with three aromatic carbons (C-15, C-16, and C-17).
HMBC correlations observed from the upfield aromatic proton H-
13 to C-14, C-15, C-17, and the quinone carbonyl at ¢ 178.1 (C-
11); and from Hj-3 to C-10 and the other quinone carbonyl at ¢
189.1 {C-1) indicated the presence of a 5,7-dihydroxy-14-naph-
thoquinone moiety and the planar structure of 2 (Fig. 2). The rela-
tive configuration of 2 was assigned based on NOESY experiments
and [, i1 coupling constants in the same manner as described for
1.

Astronyurea {3)'’ was obtained as a yellow-brown amorphous
solid with a molecular formula of C;oH;gN;0- as established by

astronyquinone (2)

HO O

m
HO 07 cH,

0]

astronyurea (3)

xestodecalactone A (4)

4 O OCH3
/

OCH;

9.+~ 114CH4
O
O OH /
H3CO O
0]

ent-coryoctalactone B (5) dimethoxy- O-methylpulvinone (6)

HO

Figure 1. Structures of compounds 1-6.

HRESIMS. The intense IR absorption bands at 3250, 1698 cm™,
together with the observation of an upfield carbonyl signal (é¢
155.6, C-1) in the 3C NMR spectrum and two labile protons {5y
5.69 and 5.66, NH) in the "H NMR spectrum suggested the presence
of a urea functionality. The resonance of the hemiaminal C-8 (4.
91.3) for 3 was shifted upfield when compared to the acetal car-
bons of 1 and 2 {§c 109.8, C-8), supporting the replacement of an
oxygen by a nitrogen atom. The downfield signal of CH,-3 {dy
3.31 and 3.07) due to attachment to a nitrogen showed a HMBC
correlation to the urea carbonyl C-1 (Fig. 2). The coupling constant,
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Figure 2. COSY (in bold) and key HMBC correlatiens for 1-3.

3]H_4’H_5 of 9.5 Hz, and NOESY correlations from H-4 to Hs-13, and
from H-4 to H-10 suggested the relative configuration of 3.

Compounds 4 and 6 were identified as xestodecalactone A and
dimethoxy-0-methylpulvinone, respectively, based on spectro-
scopic analyses and data comparisons with those reported in the
literature.'%13 The NMR spectroscopic data of 5 were consistent
with those of coryoctalactone B,'> however the sign of specific
rotation was opposite {[«]3° +50.4, ¢ 0.10, MeOH for 5; and [«]3°
—32, ¢ 0.025, MeCH for coryoctalactone Blz). Therefore, compound
5 was assigned as eni-coryoctalactone B, and suggested tc possess
the C-11{R) configuratiocn in accordance with it sharing a similar
polyketide biosynthetic origin with compound 4.

Antimalarial, antituberculosis, and cytotoxic activities were
evaluated in biclogical assays for compounds 2, 4, and 6. Anti-
malarial activity against Plasmodium falciparum K1 was observed
for compounds 6 with an ICsy value of 5.7 ug/mL. Compound 2
showed weak antituberculosis activity against Mycobacterium
tuberculosis H37Ra with a MIC value of 50 pg/mL, and exhibited
cytotoxic activity against Vero (African green monkey kidney
fibroblast) cell lines with an IC5; value of 17.4 pg/mL. Compound
4 was found to be inactive in all assays.
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Two new trichothecenes (1 and 2) and a new chloroderivative of a trichothecene analogue (3) together
with four known trichothecenes, crotocin, trichothecin, 8-deoxytrichothecinol B, and a trichothecene
analogue, were isolated from the fungus Acremonium crotocinigenum BCC 20012. The structures of these
compounds were elucidated by extensive spectroscopic analysis. Among the tested metabolites,
trichothecin itself showed strongest antimalarial activity against Plasmodium falciparum K1, and
cytotoxic activity against Vero cell lines with 1Csp values of 0.05 and 0.13 pg/mL, respectively.

@ 2016 Phytochemical Society of Europe. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Trichothecenes are a large group of mycotoxins produced by
various fungal genera including Fusarium, Myrothecium, Tricho-
derma, Trichothecium, Stachybotrys, Verticimonosporium, Cylindro-
carpon, and Acremonium (Cephalosporium)) (Brase et al,, 2009). They
possess tetracyclic sesquiterpene core structure that includes a 12,
13-epoxy ring. Trichothecenes have been known as specific
inhibitor of eukaryotic protein synthesis, causing toxicity to
animals and humans fed with contaminated food or grain crops
{McCormick et al., 2011). Apart from the toxicity effect, several
trichothecenes have been found to exhibit other biological
activities including antitumor (Amagata et al., 2003), antimalarial
(Isaka et al, 1999; Waterman et al, 2014), and antiviral activities
(Tani et al., 1995; Garcia et al,, 2002). In our ongoing research on
novel bioactive compounds from fungi, chemical investigation of
the fungus Acremonium crotocinigenum BCC 20012 resulted in the
isolation and structure elucidation of two new trichothecenes, 7-
dehydro-8-dehydroxytrichothecinol B (1) and 8-deoxy-16-hydrox-
ytrichothecinol B (2), and a new chloroderivative of a trichothe-
cene analogue (3) (Fig. 1), together with four known
trichothecenes including crotocin (4) (Gyimesi and Melera,
1967; Avent et al., 1988), trichothecin (5) (Freeman and Morrison,

* Corresponding author.
E-mail address: taridaporm@biotec.or.th (T. Bunyapaiboonsri).

http://dx.doiorg/10.1016/j.phytol 2016.08.017

1948; Hanson et al, 1974; Loukaci et al., 2000), 8-deoxytricho-
thecinol B (6) (Plattner et al., 1988; Chinworrungsee et al., 2008),
and a trichothecene analogue (7) (Sy-Cordero et al, 2011).

2. Results and discussion

The fungus BCC 20012 was isolated from petiole of the
brackish water palm, Nypa fruticans, collected at Mu Ko Chang
National Park, Trat province, Thailand. Phylogenetic analysis based
on the internal transcribed spacer (ITS) region of the nuclear
ribosomal DNA indicated that BCC 20012 was identified as
Acremonium crotocinigenum. Its crude EtOAc extract of the whole
liquid culture in small-scale fermentation showed antimalarial
activity against Plasmodium falciparum K1 with an IC5y value of
0.65 pug/mL. Subsequent purification of the crude EtOAc extract
from the large-scale culture broth, using Sephadex LH-20 column
chromatography and reversed phase HLPC, led to the isolation of
compounds 1-7.

Compound 1 had a molecular formula of CigHz404 as deduced
from the quasimolecular ion peak at mfz 339.1560 in the HRESIMS.
The 'C NMR and DEPT spectra displayed signals of one conjugated
ester carbonyl (8- 165.6), five sp® methines (8- 145.1, 133.0, 125.4,
1204, and 117.9), one quaternary sp* carbon (8¢ 134.1), three
oxymethines (8¢ 77.6, 74.1, and 69.9), one quaternary oxycarbon (¢
66.3), two quaternary carbons (8¢ 47.5 and 44.2), two methylenes
(8¢ 45.9 and 36.7), and four methyl groups (8¢ 20.3, 16.0, 14.6, and
5.4). Analysis of 2D NMR data of 1 revealed a similar trichothecene

1874-3900/2 2016 Phytochemical Society of Europe. Published by Elsevier Ltd. All rights reserved.
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CHs
3

Fig. 1. Structures of compounds 1-3.

core structure to 8-deoxytrichothecinol B (6), with only the
exception that the two methylenes (8¢ 24.5/8;; 1.43 (m) and 1.90-
2.07 {m), CH»-7; 8¢ 28.0{éy 1.90-2.07 (m), CH»-8) of 6 (Chinwor-
rungsee et al., 2008) were replaced by two sp® methines [8¢ 133.0f
8y 5.97 (dd, J=9.8, 1.4Hz), CH-7; 8¢ 125.4/8, 5.81 (dd, ]=9.8,
1.5Hz), CH-8] for 1. The olefinic proton H-7 showed HMBC
correlations with C-5, C-9, and C-11, while H-8 has HMBC
correlations with C-6, C-10, and C-16. COSY and selected HMBC
correlations as shown in Fig. 2 supported the planar structure of 1.
Key NOESY correlations observed between H-3we/H-11, H-4/H-11,
H-4/H;-15, H-7/Hs-14, H-11/H;-15, and H-13(/H;-14 confirmed
the relative stereochemistry (Fig. 3), which was similar to other
known trichothecenes (Brise et al, 2009; Fruhmann et al., 2014).
Compound 2 had a molecular formula of CyH»0s5, indicating
one additional oxygen atom as compared to that of compound 6.
Extensive inspection of their NMR data revealed close structural
similarity, with only the difference that the methyl group (8¢ 23.3/
Su 172 (s), CH5-16) of 6 (Chinworrungsee et al, 2008) was
substituted by the hydroxy methyl for 2 [d¢ 65.0{8y 3.95 (br m),
CH5-16; and &;; 3.85 (br m), 16-OH|. The olefinic proton H-10
showed HMBC correlation with C-16. NOESY correlations were
observed in the same manner as compound 1, with only the
exception that NOESY cross peak between H-7 and H3-14 of 1 was
replaced by NOESY cross signal between H-7a and Hs-14 for 2.
Compound 3 was isolated as colorless film. lts HRESIMS
exhibited the [M+Na|" peak at m/z 391.1309 and 393.1310 in the
ratio approx. 3:1, indicating the presence of a chlorine atom and a
molecular formula of CigH25ClOs5. Analysis of its NMR data revealed
a close similarity to those of the known trichothecin analogue (7)
{Sy-Cordero et al., 2011 ). However, the methine carbon signal of C-
8 for 3 was shifted up field (¢ 59.7) and its proton signal [dy 4.28
(br s)| was shifted down field comparable to those of 7 [8¢ 77.0/8y
3.83 (br s)] (Sy-Cordero et al,, 2011), Therefore, from the MS and
NMR data, a chlorine atom was suggested to attach at C-8 for 3
instead of the hydroxy group in 7. The methine proton H-8 of 3

w

Fig. 2. COSY (in bold) and key HMBC correlations for 1.

Fig. 3. Selected NOESY correlations for 1.

showed HMBC correlation with C-6, C-7, C-9, C-10, and C-16. The
?Jnn coupling constant of 11.5Hz between H-13a and H-13§
(comparable to that of 1 and 2, %Jyy 1304 13 = 4.1 Hz), and HMBC
correlation from H-13w« to C-7 supported the tetrahydropyran ring
instead of the 12, 13-epoxy ring as found in usual trichothecenes.
The relative configuration was established from key NOESY
correlations as shown in Fig, 4, NOESY cross peak between H-8
and Hs-15 has not been observed, therefore the proton H-8 was
assigned to be in the B- and equatorial position.

Spectroscopic data of 4-7 were consistent with those reported
in the literature for the known crotocin (4) {Gyimesi and Melera,
1967; Avent et al., 1988), trichothecin {5) (Hanson et al., 1974;
Loukaci et al, 2000), 8-deoxytrichothecinol B (6) (Plattner et al.,
1988; Chinworrungsee et al,, 2008), and a trichothecene analogue
(7){Sy-Cordero et al., 2011). The relative configuration of 7 which
had been previously described (Sy-Cordero et al, 2011), was
revised as depicted (Fig. 5) on the basis of NOESY correlations in
the same manner as compound 3.

Proposed biosynthetic pathway along with certain related
genes encoding enzymatic steps had been described for the known
Fusarium trichothecenes, such as nivalenol and T-2 toxin (McCor-
mick et al,, 2011). However, for trichothecin (5) which lack the
hydroxyl group at C-3, only a few genes or enzymes had been
characterized. 12, 13-epoxytrichothec-9-ene (EPIT} had been
suggested as a precursor for trichothecin (5) via compound 6
(McCormick et al., 2011 ). Compound 2 may derived from 6 by C-16
hydroxylation. C-7 or C-8 hydroxylation of 6, and subsequently
dehydration could provide 1. Epoxidation of 1, followed by
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Fig. 4. Selected NOESY correlations for 3.

nucleophilic attack of chloride or hydroxide ion to 7, 8-epoxy ring
might lead to the formation of compound 3 or 7, respectively
(Fig. 5).

Antimalarial activity against Plasmodium falciparum K1 was
evaluated for compounds 1, 4, 5, and 7 (Table 2). Among these
metabolites, trichothecin (5) showed strongest antimalarial
activity with 1C5, value of 0.05 pg/mL, and displayed cytotoxic
activity against Vero cell lines with ICsg value of 0.13 pg/mL.
Crotocin (4) and compound 1 were approximately 5 and G5 times
less active against P falciparum K1 than trichothecin (5).

farnesyl pyrophosphate

Compound 7 was inactive at 10 p.g/mL against P falciparum K1,
and non-cytotoxic at 50 pg/mL. Therefore, it is possible to conclude
that the C12-C13 epoxy ring is essential and responsible for
antimalarial activity, and especially cytotoxicity as described in the
literature (Amagata et al., 2003; Brdse et al.,, 2009).

3. Conclusion

In this study, two new trichothecenes (1 and 2) and a new
chloroderivative of a trichothecene analogue (3) together with
four known trichothecenes, crotocin (4), trichothecin (5), 8-
deoxytrichothecinol B (6), and a trichothecene analogue (7) were
isolated from the fungus Acremonium crotocinigenum BCC 20012.
Crotocin (4) had been previously reported from Acremonium
(Cephalosporium) crotocinigenum (Gyimesi and Melera, 1967).
Trichothecin (5), 8-deoxytrichothecinol B {6), and a trichothecene
analogue (7) had been described from Trichothecium roseum
(Freeman and Morrison, 1948; lida et al., 1996); Trichothecium
roseum (Plattner et al., 1988) and Spicellum roseum (Langley et al.,
1990; Tanaka et al., 2001); and Trichothecium sp. (Sy-Cordero et al.,
2011), respectively. All these fungi belong to the same order
Hypocreales. Due to limitation of the exiting phylogenetic
database and uncertain taxonomic position in this order, their
families are therefore incertae sedis. Accordingly, taxonomic
assignment for some of these fungi might have to be revised in
the future.

4. Experimental
4.1. General experimental procedures

Optical rotations were determined using a JASCO P-1030 digital
polarimeter. IR spectra were taken on a Bruker VECTOR 22
spectrometer. NMR spectra were taken on a Bruker DRX 400 and a

Bruker AV500D spectrometers. ESI-TOF mass spectra were
recorded on a Bruker micrOTOF mass spectrometer.

~OH

isotrichodiol

EPT

Fig. 5. Proposed biosynthetic pathway for 6 and possible chemical conversion from 6 Lo compounds 1-5 and 7.
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4.2. Fungal material

The fungus was isolated from petiole of the brackish water
palm, Nypa fruticans, which was collected at Mu Ko Chang National
Park, Trat province, Thailand, by Prof. Dr. E.B. Gareth Jones. The
fungus was deposited at the BIOTEC Culture Collection as BCC
20012 on September 2, 2006. Genomic DNA was extracted from
actively growing mycelia using a modification of the CTAB method
(Doyle and Doyle, 1987). The internal transcribed spacer (ITS})
region was amplified using the primer pair ITS5/ITS4 (White et al,
1990}, and sequenced by Macrogen Inc, Korea. Sequence homolo-
gies were analyzed using BLAST {Altschul et al,, 1990). BLAST search
result based on ITS region revealed that the BCC 20012 was
identified as Acremonium crotocinigenum (family Incertae sedis,
order Hypocreales, subclass Hypocreomycetidae, class Sordario-
mycetes and phylum Ascomycota). The fungus sequence was
submitted to GenBank with accession number KX153189.

4.3. Fermentation, extraction, and isolation

BCC 20012 was maintained on potato dextrose agar (PDA) at
25°C. The agar blocks (8 x1cm?) were finely chopped and
transferred into Erlenmeyer flasks (8 x 250 mL), each containing
25 mL of potato dextrose broth (PDB). After incubation on a rotary
shaker (200 rpm} for 5days, the primary seed culture (8 x 25mL)
was transferred into Erlenmeyer flasks {8 x 1L), each containing
250 mL of PDB, then fermented on a rotary shaker {200 rpm) for
5days. The secondary seed culture {80 x 25 mL) was subsequently
transferred into Erlenmeyer flasks (80x 1L}, each containing
250 mL of culture medium composing of glucose 10 g, corn steep
10g, KHoPO4 0.5g and MgS04-7H,0 0.5 g in 1L of distilled water.
After incubation at 25 °C for 34 days on static condition, the culture
was filtered to separate broth and mycelia. The culture broth was
extracted three times with an equal volume of EtOAc (3 x 20L). The
organic layer was concentrated under reduced pressure to obtain a
dark brown gum {4.37 g). The crude extract was fractionated by
Sephadex LH-20 column chromatography (elution with 100%
MeOH) to provide 9 fractions (1-9). Fraction 6 (1.53g) was
subjected to a Sephadex LH-20 column chromatography to afford 6

fractions {6-1-6-6). Fraction 6-4 (462.1mg} was purified by
preparative HPLC using a reversed-phase column (SunFire C18
column, 19 x 250 mm, 10 wm; flow rate 15 mL/min) and a linear
gradient of MeCN:H,0 (20:80 — 80:20) over 25min to yield 7
(12.4mg, tzp 9.7min} and 4 (21.7mg, {z 17.7 min}. Fraction 6-5
(267.7mg) was separated by preparative HPLC using a linear
gradient of MeCN:H,0 (20:80 —90:10) over 25min to yield 2
(22mg, ig 134 min), 4 (15.4mg, tx 14.3min}, 5 (26.1mg,
17.9min}, 3 (2.3mg, g 183 min), 1 (7Z2mg, {r 20.3 min}, and 6
(1.8 mg, {r 21.7 min).

4.3.1. 4-((7)-but-2-enoyloxy )- 12, 13-epoxytrichotheca-7, 9-diene (1)

Pale yellow film; [e]>7 — 25.7 (¢ 0.38, MeOH}; IR (film, acetone)
Vimax 2972,1713, 1646, 1178,1085, 961 cm™'; 'H and '*C NMR data,
see Table 1; HRMS (ESI-TOF} mjz 339.1560 [M+Na|" (calcd for
C19H24O4Na, 3391567)

4.3.2. 4-((Z)-but-2-enoyloxy)-12, 13-epoxy-16-hydroxytrichothec-9-
ene {2)

Pale yellow film; [a]*®; — 13.5 (¢ 0.1, MeOH); IR {film, acetone)
Vimax 3413, 2930, 1714, 1647, 1183, 1078, 962 cm™'; "H and *C NMR
data, see Table 1; HRMS {ESI-TOF) mjz 3571677 [M+Na]" (calcd for
CygH3505Na, 3571672)

4.3.3. 4-((Z)-but-2-enoyloxy )-8-chloro-12-hydroxy-7, 13-
epoxytrichothec-9-ene (3)

Colorless film; [«]*°p —27.5 (¢ 0.09, MeOH); IR (film, acetone)
Vimax 3416, 2924, 1715, 1180, 1132, 1097, 1046 cm~'; 'H and '*C NMR
data, see Table 1; HRMS (ESI-TOF) mjz 391.1309 [M+Na]* {calcd for
CoH252°ClOsNa,  391.1283), 393.1310 [M+Na]™ ({caled for
C19Ha5>"ClO5Na, 393.1261).

4.3.4. 4-((Z)-but-2-enoyloxy )-8, 12-dihydroxy-7, 13-epoxyirichothec-
9-ene (7)

Colorless film; [&]?"p — 10.2 (¢ 0.5, MeOH), {lit. [@]**; — 110 (¢
0.1, CHCl) (Sy-Cordero et al., 2011)}; 'H and *C NMR data matched
the literature {Sy-Cordero et al, 2011); HRMS (ESI-TOF) mjz
3571677 [M+Na]" (calcd for CagHy50sNa, 357.1672).

Table 1
NMR spectroscopic data of 1, 2 ["H (500 MHz) and ™C (125 MHz)], and 3 [*H (400 MHz) and **C (100 MHz)] in acetone-ds.
position 1 2 3
Sy, mult (fin Hz) 8¢ 8p, mult. (f in Hz) 8¢ 3g mult. (] in Hz) 8¢
2 3.58, d (5.3) 776 369, d (53) 788 4.00, d (4.8 825
3 o 254, dd (15.2, 7.9) 36.7 o 2,51, dd (15.2, 7.9) 364 o 2.27, dd (1456, 7.9) 370
[ 1.93, ddd (15.2, 5.3, 3.8) B 192, ddd (15.2, 5.3, 3.7) B 2.21, ddd (14.6, 4.8, 4.8)
4 5.60, dd (7.9, 3.8) 741 5.66, dd (7.9, 3.7) 745 558, dd (7.9, 4.8) 743
5 47.5 48.9 49.8
6 442 40.8 39:2
7 5.97, dd (9.8, 1.4) 133.0 o 149, m 23.9 411, br s 772
B 1.90, m
8 5.81, dd (9.8, 1.5) 125.4 2.10-2.00, m 2311 428, brs 59.7
9 1341 142.6 1331
10 551, m 117.9 5.60, m 1182 5.68, br d (5.8) 1244
1 3.80, dd (6.1, 1.7) 69.9 370, m 69.9 3.77,brd (5.8) 69.2
12 66.3 65.1 736
13 @281 d(41) 45.9 @ 3.02,d (41) 470 @ 381, d (115) 67.0
B 291, d (41 B 282, d(41) B 3.68. d (115)
14 0.83, s 54 0.70, s 54 108, s 6.1
15 097, s 16.0 095, s 153 103, s 16.0
16 177, d (1.4) 203 3.95, br m 65.0 186, 5 204
1 165.6 165.6 166.0
v 579, dg (115, 1.8) 1204 578, dq (115, 18) 1205 5.80, dg (115, 1.8) 12038
3 6.42, dq (115, 7.3) 145.1 6.41, dq (115, 7.3} 145.0 6.40, dq (115, 7.3) 145.1
& 213, dd (73, 1.8) 146 212, dd (73, 1.8) 146 213, dd (7.3, 1.7) 148
12-0H 3.86, s

3.85 brm
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Table 2
Biclogical activities of compounds 1, 4, 5, and 7.

Compound P, falciparum (1Csq, pgfmL) Vero cell lines (ICsq, pugfmL)
1 3.28 1137

4 0.26 0.58

5 0.05 013

7 >10 >50

dihydroarternisinin®  0.0004 =

ellipticine® = 1.50-1.60

# Standard antimalarial drug against P. falciparum.
b Standard compound for cytotoxicity assay against African green monkey kidney
fibreblast {Vero) cells.

4.4, Biological assays

Antimalarial activity was performed using the microculture
radicisotope technique (Desjardins et al., 1979). Plasmodium
falciparum (K1, multidrug resistant strain} was maintained in
continuous culture (Trager and Jensen, 1976). To 25 pL of a test
sample dissolved in 1% DMSO (0.1% final DMSO concentration) was
added 200 pL aliquot of ring-stage parasitized erythrocytes (1.5%
haemotocrit and 1% parasitemia). After 24h, 0.5 pCi of [3H]-
hypoxanthine (Amersham, USA) was added, and then incubated for
an additional 24h. Incorporation of radioactivity, indicating
parasite growth, was determined using the TopCount microplate
scintillation counter {Packard, USA). The percentage of parasite
growth was calculated using the signal counts per minute of the
test sample and control conditions. Inhibition concentration (1Csq)
represents the concentration which causes 50% reduction in
parasite growth. Green fluorescent protein-based assay was used
to evaluate cytotoxicity against African green monkey kidney
fibroblast {Vero} cells {Changsen et al., 2003).
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