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Fungi are ever changing their secondary metabolites profile in order to adapt to
their environmentPreviously characterized fungalltures were r@nalyzed with the
intention of reisolating scaled up quantities of metabolites of interest. However, in doing
so there were several instances where fungal secondary metabolites were isolated that
were not peviously observed. Fbiological activiies of the isolated secondary
metabolitesvereevaluated using a variety of bioassays. Three compounds that were not
previously isolated were characterized and added to our compound libraspld&ieon
and reandysis of fungal secondary metaliies can lead to the discovery of unsought yet
interesting changes in secondary metabolite profile and biological activity.

To take advantage of fungidés ability
grown fungi in ceculturing experiments in hope$ activating silent biosynthetic gene
clusters thus diversifying secondary metabolite production. The most common fungus
utilized in these experiments has bégtaria flabelliformis(formerly known as<ylaria
cubensiydue b its production of the fungiastic compound and FDA approved drug,
griseofulvin. In this study, two oth&ylaria spp. are analyzed in comparisorXigaria
flabelliformisto determine variation in griseofulvin production among the strains and
over time.Characterizing griseofulvin pduction by variouXylaria spp.leads to
intentionality infuture coculturing experimera designin that the optimakKylaria sp.

can be selected.
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CHAPTER |

INTRODUCTION

1.1 Re-Isolation of Fungal Secondary Metabolites

Fungi have the ability to biosynthesizgariety of secondary metabolites, such as
mycotoxins, pigments, and antimicrolsidRe-isolation allows us to ranalyze
previously characterized secondary metabolite profitethis reanalysis new analogues
and different biological activitiesan be dicoveredReisolation and renalysis of fungi
should be done to isolate the yimusly characterized secondary metabolites as well as
the newly present compounds because they are potentially advantaespie
compound library curation, many previously isolated compounds are not available for
new bioassay testing.
1.2 Co-Culturing

Fungi have the extaadinary ability to survive in an assortment avgonments,
includingsoil, plantsandhuman tissue$Theyare able tsurvivein these environments
by overcoming competition in various ways, such as sporulation, stress recovery, rapid
growthand theuse and nullification of inhibitor$lt has been shown that fungi are only
producing a fraction of their potential secondary metabolites when grown under standard
laboratory conditins*® A variety of biosynthetic gene clustetisatare not associated

with known compounddave been discovereohd classified as silent biosynthetic gene



clusters Co-culturing is a means to taking\ahtageof competitivetraits by provoking a
stress response which could in turn activate silent biosynthetic gene clibteyso-
culturinghas the potential tdiversify secondary metabolite biosynthegisungi.
Changes in the secondary metabolitefife due to ceculturingcan be monitoreah situ
via the droplediquid microjunctionsurface sampling probe (droplet probe)
1.3Secondary Metabolites Produced bylaria spp.

Griseofulvin (Figurela) was first discovered in 1939liondon, and todais
commonly used for its antifungal properties as an Fipfaroved drud!! Since then, it
has been determined th&glaria sp. predominantly produce the secondary metabolites
griseofulvin and dechlorogriseofulmi(Figurelb). For exampleXylaria flabelliformis
(previously known aXylaria cubensisis commonly found in nature as an endophyte
(endosymbiotic) and decomposer (saprobic) and biosynthesizes the secondary
metabolites grisofulvin and dechlorogriseofiitv.'? The production of gseofulvin has
helpedXylariais p. survive and thrive in various
fungistatic properties, meaning that it inhibits fungal growth rather than killing competing

fungi.t



(a) Griseofulvin (b) Dechlorogriseofulvin

Figure 1. (a) Griseofulvin Structure with Absolute Stereochemistry

(b) Dechlorogriseofulvin Structure with Absolute Stereochemistry
Griseofulvinbés fungi st at-ecukuringstwipser t i es h

based on the hypothesis that by inducing stress on another fungus the secondary

metabolite production woulchange due to the two species interactitgzungi are

biological organisms and present an array of biological variance both morphologically

and chemically. In this study, the varying production of griseofulvin and

dechlorogriseofulvi is related to the morphological 1&tron, which can be used in

future studies to design @ulturing experiments.



CHAPTER I

RE-ISOLATION OF FUNGAL SECONDARY METABOLITES

2.1 Experimental
2.1.1Fungal Culture Production

G-strain fungal cultures are maintained on Potato Dextrose AgeX;(Bifco)
media and transferred periodically. To begin a new fungal culture, an agar plug with
mycelium is transferred to Yeast Extract Soy Peptone Dextrose (YESD) broth. This seed
cultureis then incubated for three days at room temperature with agiati®0 rpm).
Then, the seed culture is transferred to 250 mL Erlenmeyer flasks containing 10 g of
autoclaved rice and left to grow at room temperature for two weeks.
2.1.2Extraction and Rrification

A 1:1 methanol:chloroform mixture was added to thenfanted fungal cultures,
chopped, and shaken (~100 rpm) for at least 4 hours at room temperature. The culture
was then vacuum filtered, andttee filtrate 1:2 chloroform:water was added. The filtrate
was stirred and transferred to separatory funnel wiherbdttom layer (chloroform) was
drawn off and evaporated to dryness under vacuum. The newgdged extract was
reconstituted in 1:1:2 acmtitrile:methanol:hexane to remove the fats. The resulting
mixture was then mixed vigorously and transferred tepasatory funnel where the

bottom layer (1:1 acetonitrile:methanol) was collected and evaporated to dryness under



vacuum. The extract waseth subjected to an initial chromatographic separation via
normal phase flasthromatography on a Teledyne ISCO Cdiabh Rf 200 which was
monitored by an evaporative light scattering detector (ELSD) and photodiode array
(PDA) detector. The senpurified fractions from flash chromatography are then
subjected to further purification via reverse HPLC. The HPLC sepasatiere
performed with an Atlantis T3 fpreparative (5 pm; 19 mm x 250 mm) and semi
preparative (5 um; 10 mm x 250 mm) columns, at a flde/ 04 16.9 ml/min and 4.6
ml/min, respectively, with a Varian Prostar HPLC system equipped with a Prostar 210
pumpand a Prostar 335 PDA detector, with the collection and analysis of data using
Galaxie Chromatography Workstation software.
2.1.3ldentificaion and Characterization of Fungal Secondary Metabolites

The structures of the secondary metabolites were idehtifeea suite of
spectroscopic and spectrometric techniques. The HRESIMS data were collected on either
a Thermo LTQ Orbitrap XL maspectrometer or a Thermo Q Exactive Plus (Thermo
Fisher Scientific); both equipped with an electrospray ionization soncta &aters
Acquity UPLC (Waters Corp.) using a BEHgZolumn (1.7 um; 50 mm x 2.1 mm) set
to a temperature of 40°C and a flow rat€®.3 ml/min. The mobile phase consisted of a
linear gradient of CECN-H2O (both acidified with 0.1% formic acid), stagjiat 15%
CHsCN and increasing linearly to 100% &EN over 8 minutes, with a I-finute hold
before returning to the starting condiig The NMR data were collected using a JOEL
ECS400 spectrometer equipped with a JOEL normal geometry broadband Royal prob

and 24slot autosampler which was operated at 400 MHZHoand 100 MHz fot3C as
5



well as a EOL ECA-500 spectrometer which was operated at 500 MHZHand 125
MHz for 3C (Both from EOL USA, Inc.).
2.2 Results

Fifteen fungal strains were grown fiaxisolation (Figure2). Among these fungi,
there were 92 secondary metabolites that were expecteisolated based on
secondary metabolites previously isolated from these fungal strains by our laboratory
(Table 1). Of those 92, 19 were isolated adehtified. Additionally, three compounds
that our lab had not previously isolated were isolatedaerttified. In total, 22

compounds were isolated viaismlation (Figure 4).



G104 G339 G323

Paraphoma radicina Penicillium copticola Thielavia terricola
Phaeosphaeriaceae Trichocomaceae Chaetomiaceae

~

G324 G377 G410 G427

Penicillium hispanicum — Microascus nidicola — Biscogniauxia mediterranea Minutisphaera aspera
Trichocomaceae Microascaceae Xylariaceae Minutisphaeraceae
G412 G416 G173
Penicillium aculeatum Halenospora aft. Lindgomyces madisonensis
Trichocomaceae varia Lindgomycetaceae
G118 G1068 G369 G617
Chaetomium cupreum Clohesyomyces sp. Leotiomycetes sp. Penicillium sp.

Figure 2. Fungal Cultures (Top View) Grown on Solid Rice Media



Table 1.The SecondaryM etabolitesPursued andl solated with Amounts Prior to and
Following Re-1solation.

# | Strain Compound Amount | Amount
before after
Cl o<
1| G77 279 mg | 2.79 mg
Oo 6]
|
Antibiotic SS 19508D; SS 19508D
C17H1307Cl
O\
2 | G77 HO 228 mg | 2.28 mg
Op 6]
|
Bisdechlorogeodin
Ci17H1407
I
OH o OO
Cl
3| G77 O O 1.27mg | 1.27 mg
OHO OH
Cl |
Dihydrogeodin
C17H1407Cl>
4 | G77 12.24 mg| 12.24 mg
Geodin
C17H1207Cl>




G77

I I
Og O 0._0
HO (I) cl Cl

Methyl 2,4dichloroasterrate
C18H1608Cl>2

2.39 mg

2.39 mg

G77

|
OO0 00
HO (|)

Methyl asterrate; Trimethylosoic acid
Ci8H1808

4.18 mg

4.18 mg

G118

0)
) O

O (0]
o N)Y\ )]\OH
H (CH2)10

Chaetocuprum
C24H33NOs

2.96 mg

2.96 mg

G173

- N oH

0~ ~o
_O
3-Hydroxymethyt6,8-dimethoxycoumarin
C12H1205

7.23 mg

8.50 mg

G173

- X

OH
o °0

/O
Pestalasin A
C14H1605

0 mg

0 mg




10| G173 \ O 1.25mg 0 mg
¢ 0~ 0
OH
Graphislactone A
C16H1406
o) o)
11| G173 OH O 3.22mg | 3.22mg
Aspergillumarin A
C14H1604
o) OH
12| G173 OH O 0 mg 1.75 mg
Aspergillumarin B
C14H1804
13| G173 381 mg | 10.97 mg
Iz 0
Berkeleyacetal C
Ca4H2608
14| G173 0.23mg | 0.23 mg

Thailandolide B

Co7H3408

10




15

G323

OH \
: O O \
HO @) O
(0] OH
(0]
O

Thielavin B
C31H34010

0 mg

53.27 mg

16

G323

OH \
O O \
HO—; gi—< (0] 0
(0] OH
(0]

Thielavin C
Cs2H36010

3.55 mg

3.55mg

17

G412

O/

O
HO

o)
0
Paeciloxocin A
C21H240e

5.06 mg

5.06 mg

18

G412

W/\/YCOOH
COOH

OH
Radiclonic acid
C23H400s

0.34 mg

11.71 mg

19

G412

Purpactin C
C23H2407

6.13 mg

6.13 mg

11




20

G412

OH

(@]
Tenellic acid C
Ca3H2607

1.00 mg

1.00 mg

21

G617

OH

Preaustinoid A 2
CoeH3407

1.24 mg

22

G617

Austin
Co7H3209

21.30 mg

23

G617

Vermistatin

C18H1606

6.50 mg

6.50 mg

12




24

G617

Penisimplicissin
C16H1406

0.49 mg

0.49 mg

25

G339

Bisvertinolone
CogH3209

6.26 mg

6.26 mg

26

G339

Trichodermol

Ci5H2203

0 mg

0 mg

27

G339

OH o 0o~

AL

Cl cl

oy

_O O OH

Neobulgarone F
C32H24Cl20s

3.51 mg

3.51 mg

13




28

G339

Bisorbibutenolide
CogH320s

2.61 mg

2.61 mg

29

G339

OH o o7

AL

Cl Cl

oy

_O O OH

Neobulgarone E
Cs2H24Cl20s

3.96 mg

3.96 mg

30

G339

N0 o OH

CUL,,

Cl

Roee

OH O O

Neobulgarone C
C32H25ClOg

1.24 mg

1.24 mg

31

G104

OH

O OH
Isosclerone
Ci10H1003

0 mg

0 mg

14




32

G104

(@) vy
OH
(R)-7-Hydroxy-3-((S)-1-hydroxyethyl}5-
methoxy3,4-dimethylisobenzofuranl(3H)-one
C13H1605

2.10 mg

2.10 mg

33

G104

OH O
(R)-3,4-Dihydro-4,8-dihydroxy-6-methoxy4,5
dimethyl 3-methyleneisochromeitrone

27.76 mg

33.87 mg

34

G104

C13H140s5

OH O
Clearanol C
Ci13H1404

2.19 mg

2.19 mg

35

G104

OH

OH

o<

0]
O OH

Clearanol G
C13H1408

0.27 mg

0.27 mg

36

G104

OH O

(3R,49-3,8-Dihydroxy-3-hydroxymethyi6-
methoxy4,5dimethyl-isochromarl-one
C13H1606

3.39 mg

3.39 mg

15




37

G104

OH O
Clearanol F
Ci13H1606

0.37 mg

0.37 mg

38

G104

0]
OH

O OH
Radinaphthalenone
C11H1004

0.38 mg

0.38 mg

39

G104

HO

N
~
N
~
Q

OH O
(4R)-3,4-Dihydro-4,6 8-trihydroxy-4,5-dimethyt
3-methylenésochromenl-one
C12H1205

2.92 mg

2.92 mg

40

G324

10,20Dehydro[12,12dehydroproly2-(1,1-
dimethylallyl)tryptophyl]diketopiperazine]
C21H21N302

1.93 mg

1.93 mg

41

G324

o)

OH O

|
U
\o OH

Pannorin B
C17H1408

4.25 mg

4.25 mg

16




42

G324

12,13Dehydroprolyt2-(1,1-

dimethylallyltryptophyl)diketopiperazine

C21H23N302

0.56 mg

0.56 mg

43

G324

Deoxybrevianamide E
Ca21H2sN302

0.32 mg

0.32 mg

44

G369

OH
OH /

0]
o__
o O

Dehydroisopenicillide
C21H2206

0.88 mg

45

G369

OH
OH

)
O/
O O

Penicillide; Vermixocin A
C21H2406

3.11 mg

14.32 mg

46

G369

OH

O OH
Isosclerone

Ci10H1003

0 mg

0 mg

17




47 | G369 276 mg| 2.76 mg
Epolone B
C24H3204
48| G369 1.61mg| 1.61 mg
Pycnidione
Cs3H4007
S o
o 0
49| G87 HO Z 5.33mg | 10.05 mg
Cl °
Greensporoa A
C19H21ClOs
S o
o
50| G87 HO 3.89mg | 3.89 mg
o]
8,9-Dihydrogreensporone C
C19H2605
51| G87 0.40mg | 0.40 mg

Greensporone F
C19H23ClOs

18




52| G87 0.72mg | 0.72mg
Dechbrogreensporone D
C19H2406
S o
o OH
53| G87 HO Z 0.28 mg | 0.28 mg
Cl °
Greensporone D
Ci9H23CIOs
N o
o 0]
54| G87 HO 1 %% 0 mg 0 mg
Dechlorogreensporone A
C19H2006
55| G87 0 mg 0mg
Greensporone E
Ci9H23ClIOs
56| G87 0 mg 0 mg

Dechlorogreensporone F
C19H2206

19




57| G87 0 mg 0 mg
Greensporone G
C19H2406
58| G87 0.10mg | 1.79 mg
Greensporone B
C10H21ClOs
N o
o @)
59| G87 HO n 0.30mg | 0.87 mg
Cl
8,9-Dihydrogreensporone A
C10H23ClOs
OH O
0]
60| G87 HO F 0.26 mg | 0.26 mg
o)
O-Desmethylgreensporone C
C18H2205
61| G377 0 mg 1.30 mg

HO

Monascuspyrone
C10H3:05

20




62

G377

HO

o) OH

| "'//\/\/\)\/

o)
Monascuskaoliaone B
C17H3004

0 mg

0 mg

63

G377

HO

O

\

@)

Monascuskaoliaone
C17H3003

0 mg

0.32 mg

64

G377

O/

=z
filn
0% o \ﬂ/
(@)

Campyrone C
C12H17NO4

5.49 mg

5.49 mg

65

G377

Campyrone A
Ci13H19NO4

0.70 mg

0.70 mg

66

G377

OH

Y

O OH O

Fonsecin
C15H1408

0 mg

0 mg

67

G377

O O

NH
Qg™
O

Carbonarone A
C13H11INOs3

1.74 mg

1.74mg

21




68

G377

epiPestalamide A
C18H17NOs

3.78 mg

3.78 mg

69

G377

Asperazine
CaoH36N604

0 mg

0 mg

70

G377

OH
/O
O OH O

Fonsecin B
C16H1606

0 mg

0 mg

71

G377

Nigragillin
C13H22N20

0 mg

0 mg

72

G377

Nidiascin C
Co3H24N20s5

0.54 mg

0.54 mg

22




73

G410

OH O
(@)
o,

(R)-5-Methylmellein
C11H1203

0 mg

9.25mg

74

G410

Ox 0
M on
_O OH

Chlamydospordiol
C11H160s

0 mg

0 mg

75

G410

O/
N X
|

/OO

Acuminatopyrone
C11H11NOs

0 mg

5.42 mg

76

G410

Chlamydosporo(Mixture of diastereomers)
C11H1405

0 mg

0 mg

77

G410

o ol\
N 0o
_O0 ©

Biscognin B
C11H1004

2.27 mg

3.04 mg

78

G410

O_©
X l OH
_O

Biscognin A
C11H1604

0.77 mg

0.77 mg

23




79

G410

O OH
(3R,4R)-cis-4-Hydroxy-5-methylmellein
C11H1204

0 mg

0 mg

80

G410

O. HN
N

e

Cyclo[L-PheL-LewL-LewL-Leu-L-lle]
Cs3Hs3N505

8.59 mg

8.59 mg

81

G427

OH
O OH

Regiolone
C10H1003

0.40 mg

2.75mg

82

G427

0
7,
Y , HLN
HN A+
H
0

Cyclo-((9-Pro-(9-Leu)
C11H18N202

0 mg

0 mg

83

G427

0]

N
(s)
HN .

H

Cyclo-(R-Pro-S-Phe)
C14H16N202

0 mg

0 mg




84

G427

0
s) N

HN A
f

Cyclo-(SPro-S-Phe)
C14H16N20s

0 mg

0 mg

85

G427

OH

O OH
Isosclerone
C10H1003

1.58 mg

1.58 mg

86

G427

0]

\HI\NH
(S)

o]
Cyclo-(SAla-SPhe)
C12H14N20;

0 mg

0 mg

87

G416

O OH

oC”
\O O/

4'-Methoxymadisone
Ci2H160s

0 mg

1.37 mg

88

G416

O OH OH O
o OH HO o”

Dimadisone
C2oH2609

0 mg

0.77 mg

89

G416

O OH
OH

~o OH

Madisone
C11H140s

0 mg

9.20 mg
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)Jj@\/\/o\
90| G416 ~o oH 0 mg 0 mg

2-Methoxymadisone
C12H160s
O OH

X

91| G416 HO o~ 0 mg 0 mg

Dehydromadisone

C11H1204

o Yo

X

92| G416 Om Om
HO O g g

Visnaginone
C11H1004

*Secondary metabolite was nateviously isolated in the Oberlies research group.

Amounts shown in green represent an increase in isolated material as part of this project.

The extracts, initial liquid chromatographwétions, and pure compounds were
tested in a variety of bioassaycluding for antcancer, antbacterial, and antimoeba
activities.
2.2.1Thielavin B

Thielavin B was first isolated in 1978 in Jagdm 1981, it was isolated from
Thielavia terricolaand found to have potent inhiloibh of prostaglandin biosynthesis. The
concentration required for 50% inhibition of the conversion of-adichidonic acid into
prostaglandi ns F2 Yahigatina wpslisolated E@iThielavia 9 & M.
terricola (Chaetomiaceae) (G323) and tested in various biological assays. It was inactive

in anticancer, antbacterial, and antimoeba bioassays; however, it was adciyainst
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Staphylococcus aurewgth 97.7%6 (x0.3)inhi bi t i on at 6L2Ql.4) g/ mL
i nhi biti onFigare5).10 ¢€g/ mL
2.2.2RadiclonicAcid

Radiclonic acid was isolated in Japan in 1¥7Bwas found to stimulate the
growth of Chinese cabbage seedithi@adiclonic acid was isolated froRenicillium
aculeatum(TrichocomaceggG412)and tested in various biological assaysvds
inactive in anticancer, antbacterial, and antimoeba bioassays
2.2.3Regiolone

Regiolone was first isolated in 1974 fr@ulerotinia sclerotiorunand found to
stimulate root elongation of ricees#lings at low concentrations and inhibit growth of
shoots and roots at high concentratibfRegiolone was isolated froMinutisphaera
aspera(MinutisphaeracegdG427)tested invarious biological assays. It was inactive in
anticancer, antbacterial, and antimoeba bioassays
2.2.4Biscognin B

Biscognin B was isolated in 2015 from milk thistle endophytes and the biological
activity was not testetf Biscognin B was isolated froBiscogniauxia mediterranea
(Xylariaceag (G410) and found to be inactiveamti-cancer, antbacterial, and anti

amoeba bioassay
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2.2.55-Methylmellein

5-Methylmelleinwas first isolated i1966in Romefrom Fusicoccumamygdalit®
The HRMS datatH NMR, and**C NMR were collected and compared to the reported
literature values (Table 29.5-Methylmellein was isolated fronBiscogniauxia
mediterraneg Xylariacea¢ (G410) and found to be inactiveanti-cancer, antbacterial,

and antdamoeba bioassays

Table 2.'H NMR Data for 5-M ethylmellein in CDCl3

g, (Jd, Hz) a. type

Lit eef Observed Litet%Obser
Posi (300 | (400 MHz) (75 M(100
1 - - 170.321  170.49
3 4.689m g:gg)ddqm'm;ﬁ'?’l; 293,293, 75 405 75.57
3CHs  1.555d 1.51d (6.32) 20.877 21.07
4 Jostdd  294dd(1606.350) 852 3204
4a - i 137.019  137.19
5 - - 124.894  125.05
5CHs  2.198s 2.19s 18.058 18.25
6 6.817d 6.82d (8.53) 115.621  115.81
7 7.291d 7.29d (8.53) 137.899  138.07
8 - - 160.415  160.60
8OH  11.005s  11.00s i i
8a - - 108.008  108.20
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2.2.6Acuminatopyrone

In 1991, acuminatopyrone was isolated freasariumacuminatumHowever,
the initial structure (fure 3a) was reported incorrectly Therevisedstructurg(Figure
3b) of acuminatopyrone was established in 1994 by isolating the compountiffoom
Fusariumspp.and characté&zedusing NOEDIF and HETCOR NMR experiments.
Acuminatopyrone was isolated fra&iscogniauxia meiterranea(Xylariaceag¢ (G410)

ard found to be inactive ianti-cancer, antbacterial, and antamoeba bioassays

~
(0]
o~
N
T |
m 7 ~o" o
N O @]
(a) Acuminatopyrone (b) Acuminatopyrone
(Original) (Revised)

Figure 3. Original and RevisedStructures of Acuminatopyrone

2.2.7 (R)3,4-Dihydro-4,8-dihydroxy6-methoxy4,5-dimethyt3-methyleneischromenl-
one

(R)-3,4-Dihydro-4,8-dihydroxy-6-methoxy4,5-dimethy} 3-
methyleneisochrometr-one was first isolated in 2002 in ThailaffdR)-3,4-Dihydro-
4,8-dihydroxy-6-methoxy4,5-dimethyl3-methyleneisochromef-onewas solated from
Paraphoma radicingPhaeosphaeriacea@&104) and tested in a variety of bioassays;

however, it was inactive in all of them.
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2.2.8Preaustinoid A 2

Preaustinoid A 2 was firstatated in 2003 from Renicilliumsp.Preaustinoid A
2 was isolaté from G617 which has been identified aemicilliumsp.The structure
was elucidated using HRMshd*H NMR data with reference to the published values
(Table 3)?* It was faund to be inactivén anti-cancer, antbacterial, and antimoeba

bioassays
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Table 3. 'H (400 MHz) NMR Data for Preaustinoid A 2 in CDCls

Posit

> o1 NP

Literatuar(e,b Vad

6.04d (12)
5.81d (12)
1.79dd (13; 3)

1.49m
1.70m

1.87ddd(13; 13; 3)
2.24ddd(13; 3; 3)

0.65dd (13; 3)

2.0dd (13; 3)
1.75dd (13; 13)

1.33s
1.18s
1.39s
1.42s

4.92s
5.45s

1.52s
1.37s
3.74s
3.28s
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ObsedoMed Hz.

6.03d (11.91)
5.80d (11.86)
1.79m

1.51s
1.70m

1.86ddd(12.88; 12.68; 3.63)
2.23ddd(13.73; 3.17; 3.17)

0.64dd (13.36; 2.53)

1.99dd (13.21; 2.45)
1.78dd (9.96; 2.63)

1.32s
1.16s
1.38s
1.41s

4.91d (0.82)
5.44d (0.82)

1.51s
1.36s
3.73s
3.23s



2.2.9Austin

Austin was first isolated in 1978 Austin was isolate from Renicilliumsp.
(G617) and found to be inactive amti-cancer, antbacterial, and antamoeba bioassays
2.2.103-(Hydroxymethybg,8-dimethoxy2H-1-benzopyrarR-one

3-(Hydroxymethyl}6,8-dimethoxy2H-1-berzopyran2-one was first isolated in
1990 in Canad# In this project3-(Hydroxymethyl}6,8-dimethoxy2H-1-benzopyran
2-onewas isolated from an unidentified freshwater fungus (G17@)as tested imntk
cancer, antbacterial, and antimoeba bioassayBowever, it was found to be inactive in
all of them.
2.2.11Aspergillumarin B

Aspergillumarin B was first isolated in 2012 China from a marinderived
fungus,Aspergillussp., whid was isolated from a leaf of the mangrove Beaguiera
gymnorrhiza It was determined that Aspergillumarin B exhibits weak antibacterial
activity againsStaphylococcus aureamdBacillus subtis at a concentration of 50
e g/ fAspergillumarin B isolated éfm an unidentified freshwater fungus (G173). It
was testd and found to be inactive amti-cancer, antbacterial, and antimoeba

bioassays
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Thielavin B!3 Radiclonic Acid!’
(G323) (G412)
OH o~
05,0 X OH O
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l"/l O O
O OH #2 0
Regiolone!” Biscognin B!# (R)-5-Methylmellein!%-20 Acuminatopyrone??
(G427) (G410) (G410) (G410)

(R)-3,4-Dihydro-4,8-dihydroxy-6- Preaustinoid A 224 Austin?®
methoxy-4,5-dimethyl3- (G617) (G617)
methyleneisochromen-1-one??
(G104)
o £
-0 Ny~ "OH
o0~ Yo O éH
A0 OH O
3-(Hydroxymethyl)-6,8- Aspergillumarin B2’ Berkeleyacetal C2*
dimethoxy-2H-1-benzopyran- (G173) (G173)
2-one?¢
(G173)

Figure 4. SecondaryM etabolitesl solated andCharacterized
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Figure 4 (cont.). SecondaryM etabolites| solatedand Characterized (continued)
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