EFFECTS OF VALPROIC ACID ON FATTY ACID
PRODUCTION IN MICROORGANISMS AND BIOACTIVE
COMPOUNDS FROM Feroniella lucida (Scheff.) Swingle
AND TERMITE-ASSOCIATED FUNGUS ISFB10

Miss Prapassorn Poolchanuan

A Dissertation Submitted in Partial Fulfillment of the Requirements
for the Degree of Doctor of Philosophy in Biotechnology
Common Course
FACULTY OF SCIENCE
Chulalongkorn University
Academic Year 2020
Copyright of Chulalongkorn University



- - 1 a Y] a o a(
waves Valproic acid aenswiansa’luiulugauniduazarseengniniadinimen

wedaazsnegswnviain ISFB10

w.alsgaadas yanuou

a o a

a c’dy [~ [l é = % a
Iimus i uduninueansAnuManga sy memansqutiaia
s unaluTagdinm hidananiais/ e
a I'4 o a [
AULINIATAT JNAINTAUNIINGIAY

Imsdawr 2563

4
a a A C4 a @
AVANTUDIYWIAINTIUNNIINGIQY



Thesis Title

By
Field of Study
Thesis Advisor

Thesis Co Advisor

EFFECTS OF VALPROIC ACID ON FATTY ACID
PRODUCTION IN MICROORGANISMS AND
BIOACTIVE COMPOUNDS FROM Feroniella lucida
(Scheff.) Swingle AND TERMITE-ASSOCIATED

FUNGUS ISFB10

Miss Prapassorn Poolchanuan
Biotechnology

Associate Professor NATTAYA
NGAMROJANAVANICH, Ph.D.

Accepted by the FACULTY OF SCIENCE, Chulalongkorn University in

Partial Fulfillment of the Requirement for the Doctor of Philosophy

Dean of the FACULTY OF

SCIENCE

Chairman

(CHOMPOONIK KANCHANABANCA, Ph.D.)
Thesis Advisor

(Associate Professor NATTAYA
NGAMROJANAVANICH, Ph.D.)
Thesis Co-Advisor

(Associate Professor Prasat Kittakoop, Ph.D.)
Examiner

(Associate Professor SEHANAT PRASONGSUK,

Ph.D.)
Examiner

(Professor KHANITHA PUDHOM, Ph.D.)
External Examiner

(Damrong Sommit, Ph.D.)

Associate Professor Prasat Kittakoop, Ph.D.



Usefaas wanuau | waves Valproic acid aemswaansaluiulugdunidingmseangnin
Fnmmnnuzdanzaiedgiwdnlain ISFB10. (EFFECTS OF VALPROIC ACID

ON FATTY ACID PRODUCTION IN MICROORGANISMS AND
BIOACTIVE COMPOUNDS FROM Feroniella lucida (Scheff.) Swingle
AND TERMITE-ASSOCIATED FUNGUS ISFB10 ) e.ii3numdn : sa. as.

a o A ' . a '
wae 9w Isaundiad, o.n1f5Fnu5w | 5. as.lszam naazgld

o1 Valproic acid 3o VPA fluniildlunssnmlsaandn loTwar lunsu uazanziisranied
omsthafinannaiadndvesszuulsyam FunmilinadaRvaaweds lumsanmiinuhinsnaansaluiiu
vrilandsunlasediidedisyifedun VPA luomnsasudeiinnududu 100 PM Tumsnuiinuten
VPA finasemsadinsaluinnasialunuaiine Wes uazdas Tasnislnszdumsatiansaluiuinniy
ans vielinadudinsadunsaluivisiiadndas o1 VPA lnszdumswaansaluiusiia trans-9-elaidic
acid Fufunsaluiiiimssenuseouniilhdwadeszuugiduiuveanud uenaniidimution VPA fnade
nsnanmsngy polyketide vwiinludos msdnuildtldinmmsesngnimedinmanduuz fuaziFosi
agiwmlaindndas candicine (7) uazmseyiius candicine (8) gausnnnmsadaveaugdediunuim
amlszneviiuen’d (8) fignisuds Xanthine oxidase seu fish 1Csp 473.8+13.4 uM roridin A
(9) uaz verrucarin A (10) gnusnesnvnmsasavessesiiuenandain ISFB10 aisusznoviinonld
(9) waawmnuiluivdewaduzss  HUCCA-1 A549 MOLT-3 HepG2 dawar  1Cs
0.016+0.0007 0.0055%+0.0001 0.005+0.0003 wuaz 0.024+0.002 pM awdrdy waz
arsilsznoy (10) waasanuiuiivdewaduzie HUCCA-1 A549 MOLT-3 HepG2 #aear 1Cso
0.014+0.0005 0.0047+0.0005 0.008+0.0002 waz 0.019£0.001 awedu ua roridin A (9)
uaz verrucarin A (10) Auaasnnuduiivdomadinda MRC-5 dwar 1Cso 0.038+0.006 uas
0.012+0.0004 awehau

V13 ma TuTagFnmw AVUDHDTTN vvvveeeereeeeerrrerieeeeeeeerrreneeeeeeeeees
nsdnm 2563 AHUDAD 8. NUTAHINAN veeeeereeeneeerereereennennns

A A = '
AYUDYD 'E).‘Vllﬁ'ﬂ‘hﬂi"lﬂ ...............................



# # 5872854623 : MAJOR BIOTECHNOLOGY

KEYWOR  Valproic acid fatty acid polyketide microorganisms bioactive

D: compounds
Prapassorn Poolchanuan : EFFECTS OF VALPROIC ACID ON FATTY
ACID PRODUCTION IN MICROORGANISMS AND BIOACTIVE
COMPOUNDS FROM Feroniella lucida (Scheff.) Swingle AND
TERMITE-ASSOCIATED FUNGUS ISFB10. Advisor: Assoc. Prof.
NATTAYA NGAMROJANAVANICH, Ph.D. Co-advisor: Assoc. Prof.
Prasat Kittakoop, Ph.D.

Valproic acid or valproate (VPA) is a drug for the treatment of epilepsy,
bipolar disorder, migraine headaches and neuropathic pain. Unfortunately, VPA has
many side effects. In this work, it was found that productions of some fatty acids
were significantly affected by VPA at the concentration of 100 pM. Further
exploration of VPA on fatty acid production in microorganisms including fungi,
yeast, and bacteria, as well as representative gut microbiome. This work showed
that VPA could enhance, reduce or completely inhibit the production of some fatty
acids. VPA could induce the production of trans-9-elaidic acid that was previously
found to have cellular effects in human macrophages. Moreover, VPA was found to
inhibit the production of some polyketides produced by a model fungus. This work
also investigated bioactive compounds from a plant, Feroniella lucida (Scheff.)
Swingle and a termite-associated fungus ISFB10. Candicine (7) and candicine
derivative (8) were isolated from spine part of F. lucida. Compound 8 exhibited
weak cancer chemoprevention activity in the xanthine oxidase assay (XXO) with an
ICs0 value of 473.8+13.4 uM. Roridin A (9) and verrucarin A (10) were isolated
from the termite-associated fungus ISFB10. Compounds 9 exhibited strong
cytotoxic activities toward HUCCA-1, A549, MOLT-3 and HepG2 cancer cell lines
with 1Csp values of 0.016+0.0007, 0.0055+0.0001, 0.005+0.0003 and 0.024+0.002
MM, respectively. Compounds 10 also exhibited strong cytotoxic activities toward
HUCCA-1, A549, MOLT-3 and HepG2 cancer cell lines with ICsy values of
0.014+0.0005, 0.0047+0.0005, 0.008+0.0002 and 0.019+0.001uM, respectively.
Unfortunately, compounds 9 and 10 were also exhibited strong cytotoxic activity
toward normal cell line MRC-5 with ICs, values of 0.038+0.006 and 0.012+0.0004,
respectively.

Field of Study: Biotechnology Student's Signature
Academic 2020 Advisor's Signature
Year:



ACKNOWLEDGEMENTS

I would like to express my deepest and sincere gratitude to my advisor, Assoc.
Prof. Nattaya Ngamrojanavanich and my co-advisor, Assoc. Prof. Prasat Kittakoop, for
giving me an opportunity to pursue this research, their kind supervision, valuable
guidance and encouragement throughout this work. 1 would also like to express my
gratitude to Mr. Sanya Surerum and Mr. Surasak Prachya, for their special care,
valuable advice and suggestion. Special thanks to Dr. Sanit Thongnest for his suggestion
and structure elucidation of compound 5. | would also like to express my gratitude to
Dr. Panida Unagul for research collaboration. My appreciation is also extended to Prof.
Dr. Thammarat Aree for X-ray analysis, and Prof. Dr. Suthep Wiyakrutta for
identification of fungi.

I would like to thank the 100th Anniversary Chulalongkorn University Fund for
Doctoral Scholarship for financial support.

| am very grateful to the laboratory of natural products, Chulabhorn Research
Institute (CRI), laboratory of chemical biology, Chulabhorn Graduate Institute (CGI) for
giving me an opportunity to use advanced equipments and technology. Special thanks to
Miss Somkid Sitthimonchai, Miss Busakorn Saimanee, Miss Pakamas Intachote and
Miss Suchada Sengsai for the bioassay of cytotoxicity and cancer chemoprevention.

| would like to thank all members of CRI Natural Product Laboratory and CRI
and CGI staffs for their kind suggestion and warm relationship. |1 would also like to
express my gratitude to Mr. Nitirat Chimnoi for MS analysis and Miss Kittiporn
Trisupphakant for UV and IR spectroscopy analysis.

Thanks also go to all friends for their love, support and encouragement, as well
as all Blackpink members, my beloved artist, who fill my energy, my soul,
encouragement and happiness throughout this work. Thank you for being a part in my
life.

Finally, 1 am deep grateful to my family for being admirable role model, for
their infinite support, entire care and love, encouragement and valuable suggestion.

Thank you for showing me how much you love me.

Prapassorn Poolchanuan



AWIAINTAUNNIINY 1A D
CHuLALONGKORN UNIVERSITY

Vi



TABLE OF CONTENTS

ABSTRACT (THAIY oottt es s i
ABSTRACT (ENGLISH) ..ot eeeeeeee e es s eeseeees s iv
ACKNOWLEDGEMENTS ...ttt Y
TABLE OF CONTENTS . ...ttt Vil
LIST OF FIGURES ... .ottt 1
LIST OF TABLES ...ttt e e e nee e 2
Chapter T INTrOQUCTION...........iiiiiiiini ettt 3
Chapter 11 LItErature FBVIBW..........iii ittt sttt 8
2.1 ValproiC aCid (WPA) ..ot 8
2.2 Feroniella lucida (Scheff.) SWINGIE ... 13
2.3 Termite-associated fungus ISFBL0...........cccooiiiiiiiniiicc e 19
Chapter 111 Materials and Methods. ..ot 26
3.1 General experiment Method. ..........ciiiiiiiiiee e 26
3.2 CREIMICALS ...ttt bbbt 26
3.3 Material and methodology in the study of effects of VPA on the biosynthesis of
fatty acids and polyketides in miCroorganisms ..........ccccceeererenenenesiesieereenen, 27

3.3.1 Materials for the preparation of culture medium.............cccoceevvvieivenenne. 27

3.3.2 Microorganisms used in the StUAY ...........ccoceriiiiiinieieie e 27

3.3.3. Cultivation of MiCroorganiSmS..........ccceeerireririeeieiese e 29
3.3.3.1. Cultivation of FUNGI ......ccceieriiriiiiieeee e 29

3.3.3.2 Cultivation Of YEASE .......ccceieiiiiieieierereeee e 29

3.3.3.3 Cultivation of DaCteria..........ccoceveiiiiiiiiieee e 30

3.3.4 Extraction of lipid and analysis of fatty acids .........c..ccccovvevininiiiininnnene 30

3.3.5 Isolation of mevalonolactone (Compound 1) ........cccoeverenenineneeieennenn 31

3.3.6 Isolation of COMPOUNT 2-6 .......ccveiiiiiiiiieiirieee e 31

3.3.7 Structure elucidation of fungal metabolites by spectroscopic techniques 32



viii

3.3.8 Antibacterial aCtIVITY .........ccceviiiiiieiice s 32
3.3.9 Statistical analysis Method ...........ccceviiiiiiinii e 32
3.4 Material and methodology for the study of bioactive compounds from
Feroniella lucida (Scheff.) SWINGIe ..., 33
3.4.1 Plant extraction and iSOlation ..........ccccevvienenin i 33

BXETACTES. ..t 34

3.5 Termite-associated fungus ISFB10 (unidentified)..........cccooevininiiininicniennnnn, 36
3.5.1 Collection and isolation of fUNGI ........cccoviiiriiiiieee 36
3.5.2 Fungal cultivation, extraction and iSolation ...........c.cceecevververnsiennenienn 36

3.5.3 Investigation of chemical constituents and biological evaluation of fungal

(L (o] O ol o/ /R Oy R 38

Chapter 1V Results and diSCUSSION ........ciieuiiieiiiiieniiiinesesee e 39
4.1 Effects of VPA on biosynthesis of fatty acids and polyketides.............cccc...... 39
4.1.1 Effect of VPA on fatty acid biosynthesis ..........ccccooeiviiininiicce 39

4.1.2 Effect of VPA on polyketide bioSynthesis ...........ccccoeiiienniniiicicn 56

4.1.3 Structure elucidation of compound 1 isolated from the fungus
Trichoderma reesei and compounds 2-6, isolated from the fungus

DOthidEOMYCELE SP. vttt e 60
4.1.3.1 Structure elucidation of compound 1 .........ccccceviiiniiinnniniieien 60
4.1.3.2 Structure elucidation of compound 2 .........cccccevereninenenieiienen 62
4.1.3.3 Structure elucidation of compound 3 ..........cccceiiiiniiinenieen 64
4.1.3.4 Structure elucidation of compound 4 .........ccccceveienineneniieieiens 66
4.1.3.5 Structure elucidation of compound 5 ........ccccceviiiniiininice 68
4.1.3.6 Structure elucidation of compound 6 ..........cccceeereniiiieninienn 70
4.1.4 Antibacterial aCtIVITY .........cooiiiriiiiee e 72
4.1.5 Cancer chemoprevention aCtivity ..........c.ccoceveriniinienene e 73
4.1.6 CYLOLOXIC ACTIVITY ...ovveviviieeiiieiieie e 73
4.2 Bioactive compounds from Feroniella lucida (Scheff.) Swingle...................... 74
4.2.1 Structure elucidation of COMPOUNT 7 .........cooviiriiiiiiie e 74

4.2.2 Structure elucidation of compound 8 ..........c.cooviiiiiiii i 76



4.2.3 Biological activities of compounds isolated from F. lucida .................... 78
4.3 Bioactive compounds from termite-associated fungus ISFB10 ........................ 79
4.3.1 Structure elucidation of compound 9 ..........cccvviiiiiiiic e 79
4.3.2 Structure elucidation of compound 10 ..........ccoovviieieieneienineeeeee 82

4.3.3 Biological activities of compounds isolated from termite-associated
FUNQUS ISFBLO ..o 85
Chapter V CONCIUSION..........ooiiiiiiiiceee e 87
5.1 Effects of VPA on biosynthesis of fatty acids and polyketides.............ccccc...... 87
5.1.1 Effects of VPA on biosynthesis of fatty acids............c.ccocvovniniiiiiinnnnn, 87
5.1.2 Effects of VPA on biosynthesis of polyketides............ccccooriiriiiiininnnnn, 88
5.2 Bioactive compounds from Feroniella lucida (Scheff.) Swingle...................... 88
5.3 Bioactive compounds from termite-associated fungus ISFB10 ............ccccoc...... 89
REFERENGES ...t se ettt e e e e et e e e naeeannes 90
F N 0] 61T 1T | O T T PSPPSR U TP URURPPPRRP 97



LIST OF FIGURES

Figure 1 Feroniella lucida (Scheff.) SWINgle ..o 6
Figure 2 Schematic representation of mitochondrial f-oxidation of valproic acid

(VPA), this picture is adapted from Silva (2008) “.........covveeeeeeeeeeeeeeeeeeeeseeeeeenes 9
Figure 3 Chemical structures of compounds isolated from Z. limonella..................... 14
Figure 4 Luteolin isolated from F. limoOnia..........cccooviieieeieiie e 15

Figure 5 Chemical structures of compounds isolated from F. lucida (Scheff.) Swingle

...................................................................................................................................... 17
Figure 6 Chemical structures of compounds isolated from F. lucida (Scheff.) Swingle

...................................................................................................................................... 18
Figure 7 Chemical structures of antibiotics isolated from marine fungi .................... 20
Figure 8 Chemical structures of compounds isolated from Dothideomycete sp. ........ 21

Figure 9 Chemical structures of compounds isolated from termite-associated fungi..23

Figure 10 Structures (R)-(-)-Mevalonolactone isolated from the marine-derived
fUNQUS TrICNOUEIMA FEESEI ... .uviiieireeee et ettt se et e e sre e re e reesaeanaesre s 40

Figure 11 Structures of compounds 2-6 isolated from the endophytic fungus
DOthidEOMYCELE SP...c.viiiiciisiese et e re et et e et e s e e sreenneens 58

Figure 12 Metabolite profle of the fungus Dothideomycete sp. (A) a control culture
and (B) VPA (100uM) treated CUltULE. ........cooiueerieeiriciieeii e 59


file:///C:/Users/Acer/Downloads/5872854623%20(8).docx%23_Toc59032006
file:///C:/Users/Acer/Downloads/5872854623%20(8).docx%23_Toc59032007
file:///C:/Users/Acer/Downloads/5872854623%20(8).docx%23_Toc59032008
file:///C:/Users/Acer/Downloads/5872854623%20(8).docx%23_Toc59032008
file:///C:/Users/Acer/Downloads/5872854623%20(8).docx%23_Toc59032011
file:///C:/Users/Acer/Downloads/5872854623%20(8).docx%23_Toc59032014
file:///C:/Users/Acer/Downloads/5872854623%20(8).docx%23_Toc59032014
file:///C:/Users/Acer/Downloads/5872854623%20(8).docx%23_Toc59032015
file:///C:/Users/Acer/Downloads/5872854623%20(8).docx%23_Toc59032015

LIST OF TABLES
Table 1 Lists of microorganisms used in this research...........cccccovevieiiiiciicinccen, 28
Table 2 Effect of VPA (100 uM) on fatty acid profile of the fungus Trichoderma
LT TSSO U PO T ST TP SPRPPPTRPRN 40
Table 3 Effect of VPA (100 uM) on fatty acid profile of fungi ........c..cccovvveivinnnnnn, 44
Table 4 Effect of VPA (100 uM) on fatty acid profile of yeast............ccccocevvverrinenen, 46
Table 5 Effect of VPA (100 uM) on fatty acid profile of bacteria...........c.cccccevevenen. 47

Table 6 Effect of VPA (100 uM) on fatty acid profile of representative gut fungi.....51
Table 7 Effect of VPA (100 uM) on fatty acid contents of representative gut yeast ..54
Table 8 *H and **C NMR spectral data (400 MHz, in acetone-d6) of compound 1.....61
Table 9 *H and **C NMR spectral data (400 MHz, in CDCI3) of compound 2 .......... 63
Table 10 *H and *C NMR spectral data (400 MHz, in CDCI3) of compound 3......... 65
Table 11 *H and *C NMR spectral data (400 MHz, in CDCI3) of compound 4 ........ 67
Table 12 *H and *C NMR spectral data (400 MHz, in CDCI3) of compound 5 ........ 69
Table 13 *H and *C NMR spectral data (400 MHz, in CDCI3) of compound 6 ........ 71

Table 14 Antibacterial activity of compounds 3-6 .............ccccoeeviiiiiiicie e, 72
Table 15 Cancer chemoprevention activity of compounds 3, 4,5and 6.................... 73
Table 16 Cytotoxic activity of compounds 3,4,5and 6...........cccccevveveiiieiieceeenn, 73

Table 17 *H and *C NMR spectral data (400 MHz, in acetone-d6) of compound 7..75
Table 18 1H and 13C NMR spectral data (400 MHz, in acetone-d6) of compound 8 77
Table 19 Cancer chemoprevention activity of compound 8 isolated from F. lucida...78
Table 20 *H and *C NMR spectral data (400 MHz, in acetone-d6) of compound 9..81
Table 21 *H and *C NMR spectral data (400 MHz, in acetone-d6) of compound 10 84

Table 22 Cytotoxic activities of compounds isolated from termite-associated fungus
1] = 1 OSSPSR 85



Chapter |

Introduction

Valproic acid (VPA) or valproate is an anticonvulsive drug and it has been
widely used as drug for the treatment of many disorders, for example, epilepsy, and
for the prevention of migraine headaches. VPA has been reported to have many side
effects such as hepatic steatogenesis in rats *, and negative influence on hepatic
carbohydrate and lipid metabolism was also observed in the patient under VPA
treatment 2. Moreover, there were numerous deadly cases of hyperammonemia in
patients under VPA treatment *. Basically, VPA undergoes fatty acid p-oxidation in
mitochondria and causes toxicity due to the interference with mitochondrial /-
oxidation. Furthermore, VPA treatment also causes many serious inborn errors of
metabolism . Patients under VPA treatment could have hepatotoxicity and weight
gain due to the interference of VPA with carnitine palmitoyl-transferase I, a key
enzyme in mitochondrial fatty acid s-oxidation pathway °. VPA could also inhibit N-
acetyl glutamate synthetase, the interference with this enzyme resulting in the
inhibition of urea synthesis ®’. Abnormal autism-like behaviors in mice was observed
in mice treated with VPA when compared with the valpromide, a VPA analog lacking
histone deacetylase inhibition activity *. Nowadays, the risk of VPA on autism
spectrum disorders has been gained much attention from numerous of research groups
910,11 12,13, 14 \/pA s a histone deacetylase inhibitor, which is a drug candidate
targeting anticancer therapy. VPA could alter the biosynthesis of fungal metabolites
with enhanced chemical diversity, so VPA treatment with microorganisms is an
effective strategy for controlling gene expression of fungal biosynthetic pathway *°.
Previous works have revealed the effectiveness of epigenetic modifiers for the
production of new secondary metabolites in microorganisms, for example,

16, 17 18, 19, 20.

proteasome inhibitor and histone deacetylase inhibitor ; this technique is

known as “ one strain many compound” (OSMAC) approach.



VPA was found to enhance ten-fold production of a fungal alkaloid,
fumiquinazoline C %, and could induce new secondary metabolite production in

endophytic fungus % and enhance antimicrobial activity of the fungal metabolites %

24

This discovery has challenged the scientific community worldwide to deeply
investigate the mechanisms of VPA in various aspects *> . Recently, there were
many studies about drug repurposing of VPA for the treatment many diseases such as
of breast cancer 2, colon cancer associated with diabetes mellitus %, diffuse intrinsic
pontine glioma 2°, hypertension induced from high-fat diet **, and HIV infection *'. In
addition, VPA inhibits cell cycle progression and MAP kinase signaling in the yeast
model 2. Beside the activities mentioned above, VPA also sensitized hepatocellular
carcinoma cells to proton therapy through the suppression of NRF2 activation **.
Recently, the combination of VPA with other anticancer drugs has been subjected to

Phase 11 clinical study for cancer therapy **.

Gut microbiome plays an important role on human health, for example, food
digestion and immune system. Moreover, gut microbiome can implicate health and
diseases status of host such as cancer, diabetes and obesity, and now it has gradually
received attention over the past 15 years *> **. Many studies have reported the role of

8 and anti-tumor immunity *.

gut microbiome in food allergy ¥, liver disease *
Therefore, drug-microbiome interactions have recently received attention from the
scientific community. There were many studies about drug-microbiome interactions,
for example, interaction of atypical, antipsychotic drug, with the gut microbiome in a
bipolar disease cohort °, interaction of metformin, antidiabetic drug, with human gut
microbiome **, and interaction of proton-pump inhibitor drugs with gut microbiome **.
Non-antibiotic drugs have significant effect on the growth of gut microbiome. This
correlation guided the potential risk of non-antibiotics in stimulating antibiotics
resistance **. Recent investigation revealed the ability of gut microbiome on drug
metabolism due to gut microbiome could encode enzymes that can directly metabolize
various types of drug *. The fungus Trichoderma reesei was initially cultivated in the
PDB culture media and only mevalonolactone was produced as a secondary

metabolite.



So OSMAC approach was applied by adding VPA in the culture media; it was
expected that the fungus would produce a variety of secondary metabolites. However,

VPA was found to change certain fatty acid production in this fungus.

Based on the basic knowledge that fatty acid and polyketide biosynthesis share
the similarities of enzyme by using the similar catalytic elements, utilization of
common precursors, similar structures, similar chemistry and overall architectural
design *°. Upon our preliminary results from the fungus Trichoderma reesei, this
research aimed to investigate the effects of an anticonvulsive drug VPA on the
production of fatty acids and polyketides in microorganisms, as well as the effects of

VPA on representative gut microbiome.

In the past decades, natural bioactive compounds have played an important
role throughout the world in treating and preventing diseases. A number of
structurally and pharmacologically bioactive compounds have been isolated from
natural resources including terrestrial plants, terrestrial microorganisms and marine
organisms; these natural products possess antioxidant, antimicrobial, anticancer,
chemoprevention, tyrosinase inhibition, and apoptosis induction. The world’s
biosphere is still challenging scientists to explore the novel bioactive compounds with
potentially therapeutic properties that might be used as therapeutic agents in the future
% Many synthetic drugs currently used in treatment, for example, doxorubicin
(anticancer drug), provide undesirable side effects such as cardiotoxicity and tumor-
drug resistance. And it is interesting to note that more than 50% of drugs used in
cancer treatment are from medicinal plants. Feroniella lucida (Scheff.) Swingle is the
tropical plant. Pulp of this plant is eaten as vegetable, the pericarp is used medicinally
as traditional medicine and leaves are used in the treatment of flatulence and wound

healing.

From the preliminary evaluation on anticancer and cancer chemoprevention
activities, CH,Cl, extracts from spine and leave of this plant exhibited their biological
activities. Feroniella lucida (Scheff.) Swingle is therefore an interesting source to

investigate bioactive compounds which might be useful for therapeutic purposes.



Figure 1 Feroniella lucida (Scheff.) Swingle

Feroniella lucida (Scheff.) Swingle (Figure 1) is the plant in Rutaceae family,
locally known as “Ma-sung” in Thai. It is medium-sized tree distributed widely in
Northeast of Thailand. Rutaceae family comprises almost 150 genera and 1600
species of trees, shrubs and climbers distributed throughout the temperate and tropical
regions of the world *".



There are many interesting sources for bioactive compounds from natural
product such as plants, marine organisms, algae and microorganisms. Beside the
isolation of bioactive compounds from Feroniella lucida (Scheff.) Swingle mentioned
above, termite associated fungi are also interesting source for the investigation of
bioactive compounds. The enormous symbiotic microbial communities play essential
roles for hosts in digestion, immune system, production of vitamins and cofactors and

the production of some compounds or antibiotics against host antagonists *.

Furthermore, these microbial networks also involve the balance within termite
communities such as the cleanliness of termite nest. This symbiotic association could

lead to the discovery of novel bioactive compounds from termite-associated fungi.

Therefore, the aims of this study are to study the effects of VPA on fatty acid
synthesis in microorganisms and the effect of VPA on polyketide biosynthesis in the
fungus model. Moreover, we aim to investigate the bioactive compounds from plants
and termite-associated fungus and to study their biological activities which might be
useful for medical, pharmaceutical and cosmetic purposes.



Chapter Il

Literature review

2.1 Valproic acid (VPA)

Valproic acid (VPA), or valproate is an anticonvulsive drug. It has been used
as drug for the treatment of epilepsy and bipolar disorder and for the prevention of
migraine headaches. Unfortunately, VPA has side effects, for example, the
administration of high dose VPA (750 mg per Kg) significantly induced
microvesicular steatosis in mice after 48 h of VPA intake. On the other hand, steatosis
was not seen in mice treated with low dose of VPA (350 mg per Kg) *. VPA has
negative influence on hepatic carbohydrate and lipid metabolism by the inhibition of
lactate gluconeogenesis, fatty acid oxidation and fatty acid synthesis. VPA increased
medium-chain acyl-CoA ester fraction whereas coenzyme A, acetyl-CoA and long-
chain acyl CoA were decreased % There were a number of fatal cases of
hyperammonemic encephalopathy (VHE) for patients treated with VPA. The
symptoms of VHE are acute onset of impaired consciousness, focal neurogenic
symptoms and increase seizure frequency . VPA undergoes fatty acid p-oxidation
pathway in mitochondria. Briefly, VPA is metabolized to be active intermediate forms
(Figure 2), and those intermediates are finally changed into 3-hydroxy-VPA and 3-
keto-VPA, and these metabolites were found in the urine of rat treated with VPA,
whereas A“®-VPA is the metabolite found in human urine for the patient under VVPA
treatment. VPA metabolism affected the enzyme fatty acid p-oxidation (FAO) and
their cofactors, and VPA also induced plasma carnitine deficiency; this interference

can cause many serious inborn errors of metabolism *.



CytP450 metabolism

COOH
COOH =
4
/N\*“VPA ACSM
ACSM
VPA
Mitochondrial metabolite of VPA \ COSCoA
COSCoA _

3-Keto-VPA
3-OH-VPA Valproyl-CoA
2E_vPA

/N\*-Valproyl-CoA

Long-chain fatty acyl-CoA's

Abbreviations CO, + H,0

ACSM: Medium-chain acyl-CoA synthetase
CPT,: Carnitine palmitoyl! transferase 1
CPT,: Carnitine palmitoyl transferase 2

Figure 2 Schematic representation of mitochondrial B-oxidation of valproic acid
(VPA), this picture is adapted from Silva (2008) *

In 2009, Aires and co-workers reported that VPA interfered carnitine
palmitoyl-transferase I, a key enzyme in mitochondrial fatty acid -oxidation, which
maybe a crucial mechanism inducing hepatotoxicity and weight gain for patients
under VVPA therapy °. Moreover, patients receiving VPA for one year had significantly
higher body weight when compared with lamotrigine, another prescribed drug for
epilepsy treatment *°. VPA could inhibit N-acetyl glutamate synthetase, resulting in

the inhibition of urea synthesis ® .
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Moreover, VPA was found to induce abnormal autism-like behaviors in mice
when compared to mice with prenatal exposure to valpromide, a VPA analog lacking
histone deacetylase inhibition activity. Valpromide did not affect the behaviors in

mice.

Noted that maternal used of VPA during pregnancy has been implicated
autism spectrum disorders (ASD) in children, and mice prenatal with exposure to

VPA showed behavioral alterations similar to human case with autism &

There were many studies on the risk of VPA on autism spectrum disorders
(ASD) % 10 11121314 “\/p A exhibits anticancer activity, and it is a promising
anticancer candidate. Clinical trials on VPA treating some forms of cancer have been
carried out. Recently, VPA in the combination with other anticancer drugs such as
cisplatin and cetuximab has been subjected to phase Il clinical study for cancer
therapy, and the result showed that the drug combination provided less toxic and more

effective first-line chemotherapy regimen in patients *.

VPA could inhibit proliferation and induce differentiation of numerous
transformed cell lines, for example, neuroblastoma, erythroleukemia, carcinomas of
the skin, breast, prostate, bladder, lung, colon, cervix, hematopoietic progenitor cells
and leukemic blast cells. In addition, VPA also suppressed tumor growth and
metastasis formation. Nowadays, drug repurposing of VPA has been intensively
investigated for the treatment of various diseases, for example, VPA inhibited breast
cancer cell migration and metastasis, as well as induced cell cycle arrest and apoptosis
27 VPA prevented hyperglycemia, hyperinsulinemia, and TNF-o. and IL-1pB
production, and also prevented colony formation and cell migration in mice with
colon cancer associated with diabetes mellitus 2. Diffuse intrinsic pontine glioma
(DIPG) was studied with VPA, and it showed that VPA induced histone H3
acetylation, resulting in apoptosis induction and reduction of cell viability in DIPG
cells ®. VPA is also used in the treatment of high-fat diet-induce hypertention by
downregulating angiotensin Il and its receptors via inhibition of HDAC1 *°. VPA
repurposing of HIV infection is in progress, and studies showed that VPA therapy has

significant effect on reversing HIV-1 latent reservoirs .
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The study from yeast model revealed that VPA could induce growth inhibition
by modulating the expression of many genes responsible for protein folding, sexual
reproduction, cell wall organization and cell cycle progression. Moreover, VPA
inhibited MAP kinase signaling which is a crucial mechanism for mating pheromone
pathway *2. Besides the treatment of various diseases mentioned above, VPA could
also sensitized hepatocellular carcinoma cells to proton therapy through the
suppression of NRF2 activation, resulting in proton-induced apoptotic cell death and
tumor growth delay *,

Gut microbiome plays an important role for human health and diseases.
Although gut microbiome has been investigated for several decades about their roles
for host, for example, gut microbiome has capacities in digestion, fermentation of
non-digestible substrates, immune system and classical infection diseases by
pathogen, but gut microbiome still has received increasing attention from the
scientific community worldwide, because it can directly implicate health and diseases
status of host, e.g., cancer, diabetes, obesity and liver disease *> *. Number of
publications reported that there were correlation between microbiota association and
medication specific effects of some diseases, for example, gut microbiome more than
2700 species of the deeply phenotyped Twins UK cohort were studied, and it was
found that those microbiome associated with 38 common diseases and 51 medication
 In 2019, Feehley and co-workers reported that gut microbiome regulated food
allergy in human. The experiment was studied on germ-free mice colonized with
feces from healthy or cow’s milk allergic (CMA) infants, and found that germ-free
mice colonized with bacteria from healthy infants were protected against anaphylactic
responses to cow’s milk allergen *. Moreover, infants born to obese mothers have
different microbiome diversity compared with infants born to normal weight mothers.
Microbiome dysbiosis led to increased gut permeability, and reduced macrophage
phagocytic activity and bacterial translocation to liver, resulting in increased hepatic
inflammatory responses and trigger non-alcoholic fatty liver disease (NAFLD) *%. Gut
microbiome has been found to have the role in anti-tumor immunity and liming tumor

expansion *°.



12

Previous works have demonstrated the drug interaction with human gut
microbiome, such as atypical antipsychotics (AAP) drug interacting with gut
microbiome in bipolar disease cohort. Gut microbiome were significantly different
between AAP-treated and non AAP-treated cohort, especially, AAP treatment
decreased species richness of bacteria Lachnospiraceae, Akkermansia and Sutterella,
respectively °. Antidiabetic drug, metformin, has been investigated for the interaction
with human gut microbiome, and found that this drug induced gut microbiome shifts
with a depletion of butyrate-producing taxa **. Proton-pump inhibitor drug, drug for
the treatment of peptic ulcers and gastroesophageal reflux disease, has also been
investigated drug interacting with gut microbiome. It was found that this drug altered
the composition of gut microbiome by decreasing microbial diversity and abundance
in gut commensals, whereas, the abundance of Streptococcaceae of oral and upper Gl
tract commensal was increased *. There is a significant impact of non-antibiotic drugs

on gut microbiome in human.

More than 100 marketed drugs were studied against 40 strains of
representative gut bacteria. The result showed that 24% of drugs inhibited the growth
of at least one strain of bacteria. This correlation guided the potential risk of non-
antibiotics in stimulating antibiotics resistance “*. Interestingly, gut microbiome was

found to encode enzymes responsible for drug metabolism **.

Previous works have reported the significant correlation between the
biosynthesis of fatty acid and polyketides, indicating that there are similarities of
enzymes responsible for the biosynthesis of fatty acid and polyketide natural products.
The differences between polyketide and fatty acid biosynthesis are the number and

type of acyl precursors used, as well as the cyclization pattern and the position of

51

keto-group reductions in the products °*. There are three types of polyketide

biosynthesis; type | fatty acid and polyketide synthases which mostly found in

45

bacteria ™, type Il fatty acid and polyketide synthases which broadly found in fungi

52 and type 111 polyketide synthases of plant 3. Furthermore, type

and plant plastids
Il polyketide synthases were also found in gram-positive, filamentous bacterium
Streptomyces griseus, the fungi Aspergillus oryzae and Neurospora crassa, and the

yeasts Saccharomyces cerevisiae and Schizosaccharomyces pombe .
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Based on our preliminary result from the fungus Dothideomycete sp. as
mentioned earlier and the similarities of fatty acid and polyketide biosynthesis, so this
thesis research aimed to investigate the effects of an anticonvulsive drug VPA on the
production of fatty acids and polyketides in microorganisms. In this work, apart from
representative gut microbiome, microorganisms including yeast, fungi and bacteria
involved in food and beverage production were also investigated. It should be noted
that endophytic fungus Dothideomycete sp. is known as a source of polyketides in our
laboratory. This fungus provided a triclyclic polyketide, azaphilone, hybrid
azaphilone-pyrone, calbistrin, and isochromanone, and it produced large amount of

austdiol 3% 5° %6,

2.2 Feroniella lucida (Scheff.) Swingle

For a thousand of years, natural products have played an important role for the
treatment of human diseases. Thailand is one of the most biodiversity-rich countries
in Southeast Asia. Natural product medicines have come from various sources
including terrestrial plants, terrestrial microorganisms and marine organisms. A
number of structurally and pharmacologically bioactive compounds have been
isolated from natural resources, and some of which display antioxidant, antimicrobial,

anticancer, chemoprevention, apoptosis induction and tyrosinase inhibitory activities.

Feroniella lucida (Scheff.) Swingle is the plant in Rutaceae family, locally
known as “Ma-sung” in Thai. It is medium-sized tree distributed widely in the
Northeast of Thailand. Rutaceae family comprises almost 150 genera and 1600
species of trees, shrubs and climbers, and they distribute throughout the temperate and
tropical regions of the world. There are many phytochemical constituents isolated
from this family. For example, Zanthoxylum limonella is the plant belongs to
Rutaceae family, and various types of secondary metabolites were isolated from stem
bark and fruit of this plant. Numerous compounds were isolated from Z. limonella, as
shown in Figure 3. Some compounds from Z. limonella exhibited antimicrobial,

antioxidant, antitumor and larvicidal activities °’.
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Another plant belongs to Rutaceae family is Feronia limonia, and the major
secondary metabolite isolated from this plant was luteolin ( Figure 4), which belongs

to a flavone group of flavonoids *°,
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Figure 3 Chemical structures of compounds isolated from Z. limonella
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Luteolin

Figure 4 Luteolin isolated
from F. limonia

Previous phytochemical studies of F. lucida reported that this plant had various
types of secondary metabolites, for example, coumarins isolated from roots and twigs
of this plant, namely, feroniellic acid A-C, feroniellin A-C, and lucidafuranocoumarin
A-C °% €0 6L 62 akaloids, namely, (Z)-N-(4-methoxystyryl)nicotinamide, lignans,
namely, lucidenal and lucidanin, flavanone, namely, (2S)-3’-formyl-4°,5,7-
trihydroxyflavanone isolated from roots and twigs ® (Figure 5), and triterpenoids,
namely, feroniellide A-B isolated from root ®, and feroniellide C-D from the stem

bark of F. lucida ® (Figure 6).

Many compounds isolated from F. lucida (Scheff.) Swingle exhibited
interesting biological activities including antibacterial, antitumor, antimycobacterial,
antifungal and anti-HIV activities. Feroniellin A induced apoptosis in human A549
lung cancer cell lines *°. Beside apoptosis induction, feroniellins A and B exhibited in
Vvivo cytotoxicity against human KB carcinoma cells with 1Csq values of 0.13 and 0.23
mM, respectively. Moreover, feroniellins A and B were cytotoxic toward HeLa cells
with ICsy values of 0.14 and 0.19 mM, respectively % Lucidinal exhibited
cytotoxicity against HUCCA-1, A549, MOLT-3 and HepG2 cancer cell lines with ICs
values of 4.27, 9.59, 2.31 and 6.50 pg/mL, respectively ®.
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Lucidafuranocoumarin exhibited cytotoxicity toward KB carcinoma cells,
NCI-H187 and MCF-7 cell lines with 1Cso values of 5.23, 3.16 and 13.13 uM,
respectively ®. Feroniellides A and B exhibited cytotoxicity toward KB carcinoma
cells with ICs values of 60 and 49 pg/mL, and against HeLA carcinoma cells with
ICsp values of 46 and 40 pg/mL, respectively % In addition, Feroniellides C, D, and E
exhibited cytotoxicity toward KB carcinoma cells with ICs values of 25.5, 4.1, and
3.4 pg/mL, and also exhibited cytotoxicity against HeLA carcinoma cells with ICs

values of 27.5, 10.0, and 14.2 pg/mL, respectively ®.
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2.3 Termite-associated fungus ISFB10

The second large kingdom of eukaryotic organisms is fungi kingdom.
Taxonomists recently estimated that fungal kingdom has more than 5 million species
but only approximately 100,000 species have been formally classified. There are
many novel bioactive secondary metabolites isolated from fungi which are very useful
in therapeutic purpose. In 1928, the discovery of penicillin from Penicillium
chrysogenum was one of the most important discoveries in medicinal history to find

drug against bacterial infection “.

There are many groups of compounds isolated from fungi including antibiotics,
cytotoxic compounds, antioxidants, anti-inflammatory compounds and other medical
leads, and these bioactive compounds provided high benefit for medical purpose to
treat many diseases. In 2016, Silber and team reported many antibiotics isolated from

marine fungi, ®® as shown in Figure 7.
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In addition to antibiotics, fungi also produced cytotoxic compounds. In 2012,
Kittakoop et. al. reported a novel tricyclic polyketide (dothideomycetide A) and
azaphilone derivatives (dothideomycetone A and dothideomycetone B) from the
fungus Dothideomycete sp. (isolated from a Thai medicinal plant, Tiliacora triandra)
> (Figure 8).

Dothideomycetone A

0]

OH
OH <|) ", O OH
O»\ O)Y\A Dothideomycetide A

Dothideomycetone B

Figure 8 Chemical structures of compounds isolated from
Dothideomycete sp.

Dothideomycetone A (Figure 8) exhibited cytotoxic activities against MOLT-
3 (acute lymphoblastic leukemia) cancer cell line with 1Csq value of 24 pg/mL while
dothideomycetide A exhibited cytotoxic activity against HUCCA-1, A549, HepG2,
and MOLT-3 cell lines with 1Csg values of 33, 36, 35, and 15 pg/mL, respectively.
Moreover dothideomycetide A showed antibacterial activity against Staphylococcus
aureus ATCC 25923 and ATCC 33591 (methicillin resistant strain) with respective
MIC values of 128 and 256 pg/mL **,
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Beside bioactive compounds from marine and endophytic fungi mentioned
above, termite associated fungi are one of the most interesting sources for the
discovery of novel bioactive compounds. The association between hosts and
internalized microbial symbiosis is very interesting. The most diverse communities
are found in host digestive tract where microbial symbiosis plays important roles for
hosts including digestion, immune system and production of vitamins and cofactors
and the production of some compounds or antibiotics against host antagonists “® ¢7 %
% Furthermore, these microbial networks also involve the balance within termite
communities such as the cleanliness of termite nest. This symbiotic association could

lead to the discovery of novel bioactive compounds from termite-associated fungi.

In 2020, Xu et. al. recently reported bioactive compounds, namely, [5-
hydroxyramulosin, biatriosporin M and 1-(2,5-Dihydroxyphenyl)-3-hydroxybutan-1-
one isolated from termite-associated fungi "°. Chang and group also revealed the six
new eremophilane-type sesquiterpenes, namely, nigriterpenes A-F and a new phenolic
compound, namely, 2-hydroxymethyl-3-pentylphenol from the termite-associated

fungus Xylaria nigripes in 2017 "*.

Termite-associated fungus Xylaria fimbriata also produced seven new
isoprenyl phenolic ethers, namely, fimbriethers A-G '? (Figure 9). Moreover, 4,8-
dihydroxy-3,4-dihyronaphthalen-1(2H)-one was produced from the termite-associated

fungus Xylaria escharoidea .
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In 2020, Xu et. al. reported that 5-hydroxyramulosin and biatriosporin M
(Figure 9) isolated from termite-associated fungi exhibited antimicrobial and
antifungal activities against E. coli , B. subtilis, S. aureus and C. albicans with the
inhibition zone diameter of 13.67, 12.17, 11.33 and 14.33 mm, respectively °. The
compound, 1-(2,5-dihydroxyphenyl)-3-hydroxybutan-1-one (Figure 9), was found
active against B. subtilis and S. aureus with the inhibition zone diameter of 8.32 and

9.13 mm, respectively .

Nigriterpene C (Figure 9) from termite-associated fungus Xylaria nigripes
inhibited nitric oxide (NO) production, inducible nitric oxide synthase (iNOS) and
cyclooxygenase-2 expression (COX-2) with the ICsy value of 21.7+4.9, 8.1+2.3 and
16.6+5.5 pM, respectively "*. Fimbriethers A-G (Figure 9) inhibited NO production in
lipopolysaccharide (LPS)-induced murine macrophage RAW 264.7 cells with the
percentage inhibition of 4.6£2.0, 31.3+1.3, 7.745.9, 7.3+2.8, 38.9+0.1, 6.0+3.9 and
49.7+0.5, respectively. Interestingly, fimbriethers A-G inhibited NO production
without significant cytotoxicity as observed in percentage of cell viability, and every

compound exhibited more than 90% of cell viability ".

Moreover,  4,8-dihydroxy-3,4-dihyronaphthalen-1(2H)-one  (Figure  9)
produced by the termite-associated fungus Xylaria escharoidea exhibited antifungal
and antibacterial activities against C. albicans, P. aeruginosa, S. aureus and B.
subtilis with the inhibition zone diameter of 15.3+0.1, 15.5+0.05, 16.5+0.05 and
16.6+0.05, respectively *,

From the literature reviews, it can be noted that there were many bioactive
compounds isolated from termite-associated fungi. The diversity of secondary
metabolites production could obtain from termite communities. Beside the novel
compounds from termite-associated fungi, scientists have also paid the attention on
termite-associated bacteria ¢ " > 7 7 Secondary metabolites isolated from fungi
exhibited many biological activities such as antioxidant, anticancer, antifungal,

anti-leishmanial, and anti-inflammatory activities ¢ .
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Taxol, a well-known anticancer drug was originally derived from barks of the
Pacific yew, Taxus brevifolia, but Taxol in the present can be produced from many
strains of fungi " ®. These data support that bioactive compounds or medical leads
producing from fungi are important chemicals, and fungi are the alternative sources of

bioactive compounds.


https://en.wikipedia.org/wiki/Taxus_brevifolia
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Chapter 11

Materials and methods

3.1 General experiment method

The *H, *3C, DEPT, HSQC, HMBC, COSY, and NOESY NMR spectra were
obtained from a Bruker Advance 400 MHz (*H at 400 MHz, *C at 100 MHz), or
Bruker Advance 600 (*H at 600 MHz, *C at 150 MHz). HRMS data were obtained
from a Bruker micro TOF mass spectrometer. UV spectra were recorded on a
Shimadzu UV-1700 PharnaSpect UV-Vis spectrophotometer. IR spectra were
obtained from a Perkin Elmer Spectrum One spectrophotometer using a Universal
Attenuated Total Reflectance (UATR) technique. High performance liquid
chromatography (HPLC) was carried out using Waters 2695 and Waters 1525
separation modules coupled with Waters 2998 photodiode array detector. Column
chromatography was performed on Sephadex LH-20 (GE Health Care Bio-Science
AB) or silica gel 60 (Merck Code No. 7734). Optical rotations were measured on a
JASCO P-1020 polarimeter. Aseptic technique was performed on BSL-2 biosafety
cabinet (SafeFAST Classic model). Shaking cultivation of microorganisms was
carried out using shaker incubator (Vision). All cultures were sterilized using
autoclave (HIRAY AMA model).

3.2 Chemicals

All solvents used in this experiment were distilled using commercial grade
solvents, and spectral grade solvents were used for spectroscopic analysis. Valproic
acid is pharmaceutical grade from SIGMA-ALDRICH, Catalog nhumber: PHR1061-
1G. Polysorbate 80, ammonium citrate, sodium acetate, magnesium sulfate,

manganese sulfate, dipotassium phosphate were purchased from SIGMA-ALDRICH
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3.3 Material and methodology in the study of effects of VPA on the biosynthesis of
fatty acids and polyketides in microorganisms
3.3.1 Materials for the preparation of culture medium
- Proteose Peptone No.3

- Beef extract

- Yeast extract

- Dextrose

- Glucose

- Malt extract

- Potato dextrose broth

- Fresh tubers of potato from Foodland, IT square, Bangkok

- Sea water collected from Bangsean, Chonburi

3.3.2 Microorganisms used in the study
Microorganisms used in this study were received from the Culture
Collection of Thailand Bioresource Research Center (TBRC), Thailand,
except that Trichoderma reesei and Dothideomycete sp. are the fungi available

in our laboratory.
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Table 1 Lists of microorganisms used in this research

Microorganism strain Purpose of use

Trichoderma reesei Investigation of secondary metabolite production and the

study of effects of VPA on fatty acid biosynthesis in fungi

Dothideomycete sp. Study of effects of VPA on polyketide biosynthesis in fungi

Pediococcus acidilactici TBRC 7580 Study of effects of VPA on fatty acid biosynthesis in bacteria

Bacillus amyloliquefaciens TBRC 293 | Study of effects of VPA on fatty acid biosynthesis in bacteria

Acetobacter cerevisiae TBRC 6687 Study of effects of VPA on fatty acid biosynthesis in bacteria

Fusarium oxysporum TBRC 4265

Study of effects of VPA on fatty acid biosynthesis in fungi

Aspergillus aculeatus TBRC 2535

Study of effects of VPA on fatty acid biosynthesis in fungi

Xylaria globosa TBRC 6767

Study of effects of VPA on fatty acid biosynthesis in fungi

Cordyceps militaris TBRC 6930

Study of effects of VPA on fatty acid biosynthesis in fungi

Aureobasidium pullulans TBRC 4786

Study of effects of VPA on fatty acid biosynthesis in fungi

Phialemonium sp. TBRC 4709

Study of effects of VPA on fatty acid biosynthesis in fungi

Cladosporium sp. TBRC 4134

Study of effects of VPA on fatty acid biosynthesis in fungi

Penicillium shearii TBRC 2865

Study of effects of VPA on fatty acid biosynthesis in fungi

Aspergillus flavipes BCC 28681

Study of effects of VPA on fatty acid biosynthesis in fungi

Saccharomyces cerevisiae TBRC 1563

Study of effects of VPA on fatty acid biosynthesis in yeast

Candida utilis TBRC 360

Study of effects of VPA on fatty acid biosynthesis in yeast

Lachancea thermotolerans TBRC 4347

Study of effects of VPA on fatty acid biosynthesis in yeast

Candida butyri TBRC 221

Study of effects of VPA on fatty acid biosynthesis in yeast

Candida catenulata TBRC 223

Study of effects of VPA on fatty acid biosynthesis in yeast

Saccharomyces ludwigii TBRC 2149

Study of effects of VPA on fatty acid biosynthesis in yeast
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3.3.3. Cultivation of microorganisms
3.3.3.1. Cultivation of fungi

Fungus Fusarium oxysporum TBRC 4265, Aspergillus aculeatus
TBRC 2535, Xylaria globosa TBRC 6767, Cordyceps militaris TBRC 6930,
Aureobasidium pullulans TBRC 4786, Phialemonium sp. TBRC 4709,
Cladosporium sp. TBRC 4134, Penicillium shearii TBRC 2865 and
Aspergillus flavipes BCC 28681 were cultivated in 250 mL of potato dextrose
broth (PDB) medium (Supplementary table Al) supplemented with or without
100 uM of VPA. The cultivation was performed in three replications for each
condition, and was incubated with shaking condition at 30 °C for 21 days,
except that the fungus Cordyceps militaris TBRC 6930 was cultivated at 25
°C for 21 days. Noted that the fungus Fusarium oxysporum TBRC 4265 is a
marine fungus, and it was cultivated in PDB medium prepared from seawater

instead of deionized water.

The endophytic fungus Dothideomycete sp. was cultivated in 250 mL
of potato dextrose broth (PDB) medium supplemented with or without 100
MM of VPA, and was incubated at 30 °C for 30 days under static condition.
The fungus Trichoderma reesei was cultivated in the same manner as that of
the endophytic fungus Dothideomycete sp., except that seawater was used

instead of deionized water for the preparation of culture medium.

3.3.3.2 Cultivation of yeast
All yeast strains were grown in 250 mL of YM medium
(Supplementary table A2) supplemented with or without 100 uM of VPA, and
three replications for each condition were performed. The cultivation was
incubated at 30 °C for 14 days.
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3.3.3.3 Cultivation of bacteria

The bacterium Pediococcus acidilactici was grown in MRS medium
(Supplementary table A3), while Bacillus amyloliquefaciens was cultivated in
NA medium (Supplementary table A4). Acetobacter cerevisiae was grown in
GPY medium (Supplementary table A5). All bacterial strains were cultivated
in 250 mL of culture medium supplemented with or without 100 uM of VPA,
and three replications for each condition were carried out. Pediococcus
acidilactici was incubated at 30 °C for 5 days under anaerobic condition,
whereas the bacterial strains Bacillus amyloliquefaciens and Acetobacter
cerevisiae were incubated with shaking condition at 30 °C for 5 days. Cells of
filamentous fungi were separated by filtration using Whatman paper, whereas
cells of yeast and bacteria were collected by centrifuge at 8000 rpm for 25
minutes. Cells of microorganisms were dried by freeze drying, and lipid in

dried cell was extracted twice by hexane.

3.3.4 Extraction of lipid and analysis of fatty acids

Dried cells of microorganisms were extracted twice by maceration in
hexane overnight at room temperature. Crude fat extract was individually
transesterified with 4% sulphuric acid in methanol. A fat extract was dissolved
in methanol containing 4% of sulphuric acid, and the mixture was heated at 90
°C for 1h. Nonadecanoic acid (C19:0) was used as an internal standard. The
esterified products were analyzed by gas chromatography (GC) technique
using a 30 m x 0.25 mm Omegawax '™ 250 fused silica capillary column. The
GC instrument was equipped with an automatic sampler and flame ionization
detector (FID).
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The injector and detector temperatures were kept at 250 °C and 260
°C, respectively, and helium was used as a carrier gas at a linear velocity of 30
cm/s. The initial temperature for GC column at 200 °C was held for 10 min,
and then increased at 20°C/min to 230 °C, where it was held for 17 min.
Individual fatty acid esters were identified based on the retention times
relative to fatty acid methyl ester standards (Supelco 37 Component FAME
Mix as the standard for methyl ester).

3.3.5 Isolation of mevalonolactone (Compound 1)

A crude broth extract (198 mg) of the fungus Trichoderma reesei was
separated by Sephadex LH-20 column chromatography (CC) (size 2 x 132
cm), eluted with methanol, yielding twelve fractions (F1-F12). A fraction 8
(79 mg) was further separated by Sephadex LH-20 column chromatography
(CC) (size 1.5 x 126 cm), eluted with methanol to give nine fractions (F81-
F89). A fraction F81 was purified by C18 reversed phase HPLC, eluted with a
solvent system of MeOH:H,0 (60:40), to give mevalonolactone (1) (11.7 mg).

3.3.6 Isolation of compound 2-6

Crude broth extract (107.6 mg) of the fungus Dothideomycete sp. was
separated by C18 reversed phase HPLC using MeOH:H,0 (60:40) as a mobile
phase to yield compounds 1 (9.2 mg), 4 ( 48 mg) and 5 ( 5.7 mg),
respectively. However, compounds 2 and 3 were obtained as a mixture when it
was separated by MeOH:H,O (60:40) system, this mixture was further
purified by HPLC using MeOH:H,O (40:60) as a mobile phase to yield
compound 2 (12.8 mg) and compound 3 (7.1 mg).
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3.3.7 Structure elucidation of fungal metabolites by spectroscopic techniques
Structure elucidation of the isolated compounds were performed using
'H, 3C and 2D NMR spectroscopic data obtained from Bruker AM400 (*H at
400 MHz, *C at 100 MHz), or Bruker Avance (*H at 600 MHz, *C at 150
MHZz). Deuterated CDCI; was used as an NMR solvent. HRMS data obtained
from a Bruker micro TOF mass spectrometer were also used for structure

elucidation.

3.3.8 Antibacterial activity

Bacterial samples were streaked on NA plate and incubated for 24 h.
Then single colonies of bacteria were dissolved in 0.85% saline solution.
Bacterial samples were prepared in the same turbidity as 0.5 McFarland
standard using UV spectroscopy in the measurement. Each strain of bacteria
sample was spread on NA plate. Drugs and isolated compounds were prepared
at the concentration of 10 mg/100 pL. Each solution was dropped on disc 10
uL and put on NA plate which it was then incubated at 37 °C for 20 h. and

measured the clear zone.

3.3.9 Statistical analysis method
Statistical analysis of all data, three replications per each condition of
an individual microorganism, was performed using the IBM SPSS Statistics
22 software, Independent-Samples T test method. Differences of fatty acid
content between each group (control without VPA or with 100 uM of VPA)
were determined by two-tailed t test, and data are reported as meanzs.d. with
the significance set at p<0.01 or at p<0.05.
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3.4 Material and methodology for the study of bioactive compounds from Feroniella
lucida (Scheff.) Swingle

3.4.1 Plant extraction and isolation

Plant materials were collected from Lam Luk Ka District, Pathumthani
Province, Thailand, in December 2016. Air-dried plants were ground into
powder form. The powdered spine (0.45 kg), leaf (1.5 kg), and stem (5.2 kg)
were soaked in CH,Cl; (2 times) at room temperature to yield crude extracts of
3.92 g (spine), 34.37 g (leaf) and 33.59 g (stem). Plant materials were further
soaked in MeOH (2 times) at room temperature to yield a crude extract of
16.24 g (spine), 182.62 g (leaf) and 177.19 g (stem).

Crude MeOH extract from spine part was separated by Sephadex LH-
20 (2.5x122 cm), eluted with MeOH to give twenty three fractions (A1-A23).
Fraction A7 (1881 mg) was separated by Sephadex LH-20 (2.5x122 cm),
eluted with MeOH to give 15 fractions (A7.1-A7.15). Fraction A7.6 (187.3
mg) was further separated by C8 HPLC with a solvent system of
acetonitrile:H,O (5:95) to give compound 7 (5.4 mg). Fraction A7.7 (300 mg)
was further separated by C8 HPLC with a solvent system of MeOH:H,0

(2:98) to give compound 8 (91.2 mg) as shown in scheme 1.
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Crude MeOH extract
of spime part (1624 #)

Sephade LH-20
Bize (2.5 x 122 cm)

Fraction AT (1.88 2)

Sephadex LH-20
Size (2.5 x 122 cm)

| Fraction A7.6 (183.7 mg) |

€3 HPLC
ACN HLO, 585

| Compond T (5.4ms) |

ol

o
HO

| Fraction 47.7 (300 mg) |

C8HELC
M=0H H.O, 2:98

| Compound § (912 mz) |

Scheme 1 The isolation procedure of a crude MeOH extract of spine part of F.

lucida

3.4.2 Investigation of chemical constituents and biological evaluation of plant

extracts

Pure compounds were characterized by spectroscopic techniques

including NMR spectroscopy, mass spectrometry and IR spectroscopy.

Structure elucidations of the isolated compounds were performed using 'H,
3C and 2D NMR spectroscopic data obtained from a Bruker Advance 400
MHz (*H at 400 MHz, *C at 100 MHz), or Bruker Advance 600 (*H at 600
MHz, **C at 150 MHz). Deuterated CDCI3 and acetone-ds were used as NMR

solvents.
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The isolated compounds were examined for their biological activities
including cytotoxic, cancer chemoprevention and anti-bacterial activities.
Cytotoxic activities were evaluated against HepG2 (liver hepatocellular
carcinoma), MOLT-3 (acute lymphoblastic leukemia), A549 (human lung
cancer), HUCCA-1 (human cholangiocarcinoma cell line) and MRC-5 (normal
fibroblast cell). Cytotoxic activity for adhesive cell lines including HepG2,
A549, and HUCCA-1 cancer cell lines was evaluated with the MTT assay. For
non-adhesive cell such as MOLT-3 cell line, the cytotoxicity was assessed
using the XTT assay ®'. Etoposide and doxorubicin were used as the reference

drugs.

Inhibition of superoxide anion radical formation by xanthine/ xanthine
oxidase (XXO assay) was performed following the previous work %
Superoxide dismutase was used as a control. Inhibition of 12-O-
tetradecanoylphorbol-13-acetate (TPA)- induced superoxide anion radical
generation in differentiated HL-60 cells (HL-60 assay) was evaluated. TPA-
induced superoxide anion radical formation in differentiated HL-60 human
promyelocytic leukemia cells, was performed by photometric determination of
cytochrome ¢ reduction, following the method of previous work 2. Superoxide

dismutase was used as a positive control.

Measurement of oxygen radical absorbance capacity (ORAC) was
determined by a method modofied from previous work ®. Antioxidant
potential of the test compounds (IM) was compared with that of 6-hydroxy-
2,5,7,8-tetramethylchromane2-carboxylic acid (Trolox), a water soluble
vitamin E analog. Results were expressed as ORAC units, where 1 ORAC unit
equals the net protection of B-phycoerythrin produced by IM of Trolox.
Aromatase inhibitory assay (AlA assay) was performed following the previous
work 3 by using CYP19/methoxy4-trifluoromethyl-coumarin (MFC) high
throughput inhibition screening kit (BD Biosciences, Woburn MA, USA).
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The isolated compounds from F. lucida were also tested for
antibacterial activity; bacterial samples were streaked on nutrient agar plate
and incubated for 24 h. Single colonies of bacteria were dissolved in 0.85%
saline solution. Bacterial samples were prepared in the same turbidity as 0.5
McFarland standard using UV spectroscopy in the measurement. Then each
strain of bacteria was spread on nutrient agar plate and drugs and isolated
compounds were prepared at the concentration of 10 mg/100 pL. Each sample
was dropped on disc 10 puL and put on nutrient agar plate, and incubated at 37

°C for 20 h. The clear zone was measured.

3.5 Termite-associated fungus ISFB10 (unidentified)
3.5.1 Collection and isolation of fungi

Termite was collected from Lam Luk Ka District, Pathumthani Province,
Thailand, in May 2018. Outer surface disinfection was performed by soaking
sample in 5% sodium hypochlorite, then rinsed with distilled water and further
soaked in 70% ethanol, and samples were then rinsed with distilled water.
Termite samples were crushed in order to investigate internal microorganisms,
especially a digestive tract. Then, serial dilution was performed and samples
from each dilution were poured on PDA-RO containing antibacterial agent.
Fungi grown on this PDA-RO were isolated until obtaining of pure culture.
Each pure culture was preliminary screened for the metabolite production by
cultivating each fungus in a flask containing 50 mL of PDB culture media.
Broth part was extracted by EtOAc and analyzed by *H NMR spectrum.
Termite-associated fungus ISFB10 used in this research was chosen based on

interesting metabolite profile as indicated by *H NMR spectrum.

3.5.2 Fungal cultivation, extraction and isolation
Initially, termite associated fungus ISFB10 was sub-cultured on PDA-RO
and cultivated for 7 days, and it was then inoculated aseptically in 1000 mL
Erlenmeyer flask, each containing 250 mL of potato dextrose broth prepared from
fresh tuber of potatoes (PDB).
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A total volume was 3 L of culture. Termite-associated fungus ISFB10 was
cultivated at room temperature under static condition for 4 weeks. Fermentation
broth and mycelia were separated by filtration. Cultured broth was extracted with
an equal volume of EtOAc (3 times) to give 630 mg of a crude broth extract.
Mycelia were soaked in MeOH (2 times) followed by CH,Cl, (2 times), and
extracts from these two parts were combined and then extracted with hexane to
remove fatty acid. An aqueous part was further extracted with EtOAc (3 times) to
give 326 mg of a crude mycelial extract.

Crude broth extract (630 mg) was separated by Sephadex LH-20 (CC)
(size 2 x 132 cm), eluted with methanol, yielding seventeen fractions (A1-Al7). A
fraction A5 (352 mg) was re-crystallized from a solvent mixture of
MeOH:acetone to give roridin A, compound 9 (150 mg). A fraction A6 (82 mg)
was also purified by re-crystallization from a solvent mixture of MeOH:acetone to

give verrucarin A, compound 10 (30 mg) as shown in scheme 2.

Crude broth extract (620 ms)

Sephadex LH-20

Bize (2 x 132 em)

| Fraction A5 (352 mg) | | Fraction A6 (82 me) |
Crvztallization Crystallization
MeOH-Acetons WaOH: Acatone

| Compound 9 (150 mg) | | Compound 10 (30 me) |

Scheme 2 The isolation procedure of a crude broth extract from the termite-
associated fungus ISFB10 (unidentified)
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3.5.3 Investigation of chemical constituents and biological evaluation of fungal
extracts
Pure compounds were characterized by analysis of spectroscopic data
obtained from NMR spectroscopy, mass spectrometry and IR spectroscopy.
Structure elucidation of the isolated compounds were performed using *H, *C and
2D NMR spectroscopic data obtained from Bruker AM400 (*H at 400 MHz, *3C at
100 MHz), or Bruker Advance (*H at 600 MHz, *C at 150 MHz). Deuterated
CDCI; and acetone-ds were used as NMR solvents. Single-crystal X-ray
diffraction measurement was performed on a Bruker X8 Prospector KAPPA CCD
diffractometer using an IuS X-ray microfocus source with multilayer mirrors. The
isolated compounds from termite-associated fungus ISFB10 were evaluated for
their biological activities in the same manner as compounds isolated from F.

lucida.
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Chapter IV

Results and discussion

4.1 Effects of VPA on biosynthesis of fatty acids and polyketides
4.1.1 Effect of VPA on fatty acid biosynthesis
Valproic acid, histone deacetylase inhibitor, could alter the biosynthesis of
fungal metabolites with enhanced chemical diversity, so VPA treatment with
microorganisms is an effective strategy for controlling gene expression of fungal
biosynthetic pathway . Previous works have revealed the effectiveness of epigenetic
modifiers for the production of new secondary metabolites in microorganisms, for

example, proteasome inhibitor 1’ 18,19, 20. thjs

and histone deacetylase inhibitor
technique is known as “ one strain many compound” (OSMAC) approach. Previous
work has reported that VPA was found to enhance ten-fold production of a fungal
alkaloid, fumiquinazoline C 2!, and could induce new secondary metabolite
production in endophytic fungus ?* and enhance antimicrobial activity of the fungal

metabolites 224,

Initially, our work preliminary investigated the effect of VPA on the
metabolite production of marine-derived fungus Trichoderma reesei, which produced
mevalonolactone (compound 1) as a secondary metabolite (Figure 10). So the aim of
this work is to use VPA, histone deacetylase inhibitor, to diversify secondary
metabolites production through mevalonate biosynthesis pathway, which is the
common pathway of terpene and steroid production. Previous works used VPA
concentration of 50 uM, 60 uM, 100 uM and 500 uM to study effect of VPA on the
metabolite profile #?%2% 24 |n this work we initially fed VVPA in the concentration of
100 puM and 300 pM, however the growth of fungus was inhibited when VPA at the
concentration of 300 uM or higher was used in the cultivation. Therefore, VPA at the
concentration of 100 uM was performed in this work. Unfortunately, we could not
obtain new terpenes and steroids from VPA treatment with the fungus Trichoderma
reesei, but VPA interestingly showed the effect on fatty acid profiles as observed

from *H NMR spectrum of a crude cell extract.
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.

o O

(R)-(-)-Mevalonolactone (1)

Figure 10 Structures (R)-(-)-Mevalonolactone isolated from the marine-derived
fungus Trichoderma reesei

Then liquid extract of the fungus T. reesei was subjected to gas
chromatography technique for analysis of fatty acid profile, and the result revealed
that VPA significantly induced the production of palmitic acid (C16:0) from 9.39% in
a control (without VPA) to 19.89% (2.11 times increase) in the fungus treated with
VPA, while oleic acid (C18:1) was significantly reduced from 71.51% in a control to
57.19% (1.25 times decrease), as shown in Table 2. The amount of palmitoleic acid
(C16:1), stearic acid (C18:0), linoleic acid (C18:2), and a-linolenic acid (C18:3) of a
control were relatively the same as that in the VPA treated fungus. Total fatty acid
production of a control (65.26%) was higher than the fungus treated with VPA
(49.99%), as shown in Table 2.

Table 2 Effect of VPA (100 uM) on fatty acid profile of the fungus Trichoderma
reesei

Fatty acid content (%), meanzs.d. (n=3)

Conditio

C16:0 Cle:l C18:0 C18:1 C18:2 C18:3 Total fatty

" acid (%)

Control 9.39+1.42* | 0.37£0.1 | 3.47£0.58 | 71.51+6.24 | 8.62+2.0 | 0.06+0.0 | 65.26+6.52
(without 1 * * 4 2 *
VPA)
VPA, 19.89+2.96 | 0.46+0.1 | 4.73+0.63 | 57.19+5.41 | 7.22+1.4 | 0.05£0.0 | 49.99+5.69
100 uM * 1 * * 1 2 *

*p < 0.05 was selected as the minimum criterion for significance.

*p <0.01 was selected as the minimum criterion for significance.
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As mentioned above, it was reported in previous work that VPA caused side
effect related to fatty acid metabolism in patients, for example, the influence on lipid
metabolism % VPA interfered with mitochondrial B-oxidation, and fatty acid P-
oxidation enzyme (FAO) and their cofactors, and thus causing serious inborn errors of
metabolism after VPA treatment “, and inducing hepatotoxicity and weight gain for
patients under VVPA treatment > *°. Therefore, the interferences of VPA on fatty acid
metabolism in patients and our preliminary data of VPA on the fatty acid profile of
the fungus Trichoderma reesei (Table 2) inspired us to study the effect of VPA on
fatty acid profile in other microorganisms including representative gut microbiome,
microorganisms used in food and beverage productions, and microorganisms from

marine, soil, plant and insect ecosystem.

Microorganisms used in this work were from the culture collection of
Thailand Bioresource Research Center (TBRC), Thailand. The first group of
microorganisms is fungi including Fusarium oxysporum TBRC 4265 (marine fungi),
Aspergillus aculeatus TBRC 2535 (soil fungi), Xylaria globosa TBRC 6767
(endophytic fungi), Cordyceps militaris TBRC 6930 (entomopathogenic/ insect
fungi), and Aureobasidium pullulans TBRC 4786 (epiphytic of endophytic fungi of
plants). Each strain of fungus was cultivated in PDB under shaking condition in the
presence (100 uM) or absence (control) of VPA, and fatty acid profiles of each
culture are in Table 3. The marine fungus Fusarium oxysporum TBRC 4265 produced
ten fatty acids including palmitic acid (C16:0) for 29.40%, palmitoleic acid (C16:1)
for 0.71%, stearic acid (C18:0) for 15.09%, oleic acid (C18:1) for 32.93%, linoleic
acid (C18:2) for 19.94%, a-linolenic acid (C18:3) for 0.44%, arachidic acid (C20:0)
for 0.65%, docosanoic acid (C22:0) for 0.43%, erucic acid (C22:1) for 0.09%, and
lignoceric acid (C24:0) for 0.33%. After VPA treatment (100uM) with the marine
fungus F. oxysporum TBRC 4265, it was found that the fungus completely stopped
the production of palmitoleic acid (C16:1), a-linolenic acid (C18:3), arachidic acid
(C20:0), and lignoceric acid (C24:0). However, VPA significantly enhanced the
production of some fatty acids, for example, palmitic acid (C16:0) from 29.40%
(control) to 51.79% (1.76 times of the control), docosanoic acid (C22:0) from 0.43%
(control) to 0.97% (2.25 times of the control), and erucic acid (C22:1) from 0.09%
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(control) to 1.44% (16.0 times of the control). On the other hand, VPA reduced the
production of linoleic acid (C18:2) from 19.94% (control) to 5.27% (3.78 times less

than the control), as shown in Table 3.

The soil fungus Aspergillus aculeatus TBRC 2535 did not produce a-linolenic
acid (C18:3) when fungus was cultivated in the control, whereas it was enhanced to
produce a-linolenic acid (C18:3) after feeding with 100 uM of VPA. VPA also
enhanced the production of linoleic acid (C18:2) from 2.80% (control) to 27.20%
(9.71 time of the control) and lignoceric acid (C24:0) from 6.88% (control) to 11.30%
(1.64 times of the control).

In contrast, the reduction of palmitic acid (C16:0) from 41.52% (control) to
22.01% (1.88 times less than the control), palmitoleic acid (C16:1) from 0.28%
(control) to 0.14% (2.00 times less than the control), stearic acid (C18:0) from
17.29% (control) to 8.81% (1.96 times less than the control), and arachidic acid
(C20:0) from 0.84% (control) to 0.24% (3.5 times less than the control) was observed
in the VPA treated culture of A. aculeatus TBRC 2535, as shown in Table 3. The
production of arachidic acid (C20:0) in the endophytic fungus Xylaria globosa TBRC
6767 was completely inhibited when this fungus was treated with VPA. Arachidic
acid (C20:0) of 0.39% was found in the control, whereas none was found in VPA
treated culture (Table 3). VPA also inhibited the production of lignoceric acid (C24:0)
in the insect fungus Cordyceps militaris TBRC 6930; 0.28% of lignoceric acid
(C24:0) was produced in the control, but none was detected in the fungus treated
culture (Table 3).
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In contrast, VPA did not have significant effects on fatty acid profile of the
fungus Aureobasidium pullulans TBRC 4786, an epiphyte or endophyte of plants, as
shown in Table 3. For the total fatty acid content, VPA reduced the total fatty acid
production in F. oxysporum TBRC 4265 from 45.33% (control) to 9.85% (4.60 times
less than the control), whereas the total fatty acid of A. aculeatus TBRC 2535 and A.
pullulans TBRC 4786 were increased from 12.73% (control) to 29.13 % (2.28 times
of the control) and from 27.62% (control) to 40.16% (1.45 times of the control),
respectively (Table 3).

VPA did not give significant effects on the total fatty acid of X. globosa
TBRC 6767 and C. militaris TBRC 6930. From the result, it indicated that \VPA could

inhibit or enhance the production of some fatty acids in fungi.
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Next, we tried to investigate the effects of VPA on the fatty acid profile of
yeast, as shown in Table 4. Three strains of yeast were used as a model,
Saccharomyces cerevisiae TBRC 1563, Candida utilis TBRC 360, and Lachancea
thermotolerans TBRC 4347, and these strains of yeast are normally used in food and
beverage productions. As presented in Table 4, VPA completely stopped the
production of a-linolenic acid (C18:3) in the yeast S. cerevisiae TBRC 1563 and C.
utilis TBRC 360; 1.97% and 1.28% of a-linolenic acid (C18:3) were found in the
control, respectively, whereas none was found in VPA treated culture. VPA also
stopped the production of palmitoleic acid (C16:1) in the yeast C. utilis TBRC 360;
0.35% of palmitoleic acid (C16:1) was produced in the control, but none was detected
in VPA treated culture. The productions of palmitic acid (C16:0) and stearic acid
(C18:0) were increased from 29.03% (control) to 47.16% (1.62 times of the control),
and from 6.60% (control) to 10.91% (1.65 times of the control), respectively, after
feeding the yeast C. utilis TBRC 360 with VPA. In contrast, the decreased levels of
oleic acid (C18:1) from 46.89% (control) to 34.21% (1.37 times less than the control)
and linoleic acid (C18:2) from 15.86% (control) to 7.72% (2.05 times less than the
control) were observed in VPA treated culture of C. utilis TBRC 360 (Table 4).
Moreover, the decreased level of the total fatty acid from 24.35% (control) to 15.62%
(1.55 times less than the control) was observed in VPA treated culture of C. utilis
TBRC 360 (Table 4). VPA did not have effects on fatty acid profile and the total fatty
acid of the yeast L. thermotolerans TBRC 4347, as shown in Table 4. Interestingly,
previous work has reported that C. utilis TBRC 360 was found as gut microbiome in

pediatric patients with inflammatory bowel disease ®*.
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The effects of VPA on the fatty acid profile of bacteria were also investigated
(Table 5). The bacteria Pediococcus acidilactici TBRC 7580, Bacillus
amyloliquefaciens TBRC 293, and Acetobacter cerevisiae TBRC 6687, were used as
model bacteria. The bacteria P. acidilactici TBRC 7580 and A. cerevisiae TBRC 6687
are normally used in fermented dairy products (yoghourt production) and meat (Thai
fermented pork sausage or “Naem” in Thai), whereas B. amyloliquefaciens TBRC 293
is used in food industry, being a source of a-amylase for the starch hydrolysis. VPA
completely inhibited the production of lignoceric acid (C24:0) in the bacterium P.
acidilactici TBRC 7580; 1.53% of lignoceric acid (C24:0) was produced in the
control, while none was produced in the VPA treated culture of P. acidilactici TBRC
7580. Moreover, VPA also completely inhibited the production of oleic acid (C18:1)
and arachidic acid (C20:0) in the VPA treated culture of A. cerevisiae TBRC 6687;
0.61% and 0.43% of oleic acid (C18:1) and arachidic acid (C20:0) were produced in
the control, respectively. In addition, decreased level of palmitoleic acid (C16:1) from
9.72% (control) to 4.41% (2.20 times less than the control) was observed in the VPA

treated culture of B. amyloliquefaciens TBRC 293, as shown in Table 5.

Nowadays, gut microbiome has received attention worldwide 3> *. As
mentioned earlier, previous works revealed that there were drug-microbiome
interactions, for example, metformin and proton inhibitor drugs interacting with
human gut microbiome *"“2 Therefore, we studied the effects of VPA on fatty acid
profile of certain representative gut microbiome, e.g., fungi and yeast. Four strains of
gut fungi including Penicillium shearii TBRC 2865, Cladosporium sp. TBRC 4134,
Phialemonium sp. TBRC 4709, and Aspergillus flavipes BCC 28681 were
investigated for the effects of VPA on fatty acid profile. The genera Penicillium,
Cladosporium, Phialemonium, and Aspergillus are the most prevalent fungi in human
gut %% 87 V/PA could enhance the production of linoleic acid (C18:2) from 12.46%
(control) to 23.60% (1.89 times of the control) in the fungus P. shearii TBRC 2865,
as shown in Table 6, while it reduced the production of palmitic acid (C16:0) from
24.29% (control) to 16.86% (1.44 less than the control), stearic acid (C18:0) from
17.09% (control) to 13.37% (1.28 times less than the control, arachidic acid (C20:0)

from 1.65% (control) to 1.08% (1.53 times less than the control), heneicosanoic acid
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(C21:0) from 1.61% (control) to 1.02% (1.58 times less than the control), docosanoic
acid (C22:0) from 1.30% (control) to 0.67% (1.94 times less than the control), and
lignoceric acid (C24:0) from 1.66% (control) to 1.17% (1.42 times less than the
control), respectively, in the fungus P. shearii TBRC 2865 (Table 6).

The productions of oleic acid (C18:1), arachidic acid (C20:0), and lignoceric
acid (C24:0) were increased in the VPA treated culture of Phialemonium sp. TBRC
4709, increasing from 43.27% (control) to 57.95% (1.34 of the control), 0.36%
(control) to 0.58% (1.61 times of the control), and from 0.61% (control) to 0.83%
(1.36 times of the control), respectively, in the VPA treated culture of Phialemonium
sp. TBRC 4709 (Table 6). In contrast, VPA reduced the production of palmitic acid
(C16:0) from 28.73% (control) to 22.16% (1.30 times less than the control), linoleic
acid (C18:2) from 14.85% (control) to 7.47% (1.99 times less than the control), and a-
linolenic acid (C18:3) from 2.53% (control) to 1.52% (1.66 times less than the

control), as shown in Table 6.

The productions of stearic acid (C18:0), a-linolenic acid (C18:3), and
lignoceric acid (C24:0) in the fungus Cladosporium sp. TBRC 4134 were reduced
after feeding the culture with VPA, reducing from 17.62% (control) to 9.90% (1.78
times less than the control), 0.20% (control) to 0.10% (2.00 times less than the
control), and from 0.34% (control) to 0.16% (2.13 times less than the control),
respectively, but VPA enhanced the production of linoleic acid (C18:2) from 12.55%
(control) to 15.20% (1.21 times of the control), arachidic acid (C20:0) from 0.52%
(control) to 0.80% (1.54 times of the control), heneicosanoic acid (C21:0) from 0.44%
(control) to 0.77% (1.75 times of the control), and docosanoic acid (C22:0) from
0.35% (control) to 0.53% (1.51 times of the control) in the fungus Cladosporium sp.
TBRC 4134 (Table 6). VPA reduced the production of palmitic acid (C16:0) from
21.30% (control) to 18.34% (1.16 times less than the control), oleic acid (C18:1) from
42.17% (control) to 39.13% (1.08 times less than the control), and linoleic acid
(C18:2) from 26.58% (control) to 20.85% (1.27 times less than the control) in VPA
treated culture of A. flavipes BCC 28681, as shown in Table 6. On the other hand,
VPA enhanced the production of stearic acid (C18:0) from 8.70% (control) to 16.09%
(1.85 times of the control), arachidic acid (C20:0) from 0.24% (control) to 1.77%



50

(7.38 times of the control), docosanoic acid (C22:0) from 0.24% (control) to 2.10%
(8.75 times of the control), and lignoceric acid (C24:0) from 0.29% (control) to 1.19%
(4.10 times of the control) in the VPA treated culture of A. flavipes BCC 28681
(Table 6). Moreover, VPA also had the effects on the total fatty acid of some gut
fungi; the total fatty acids of P. shearii TBRC 2865 and Phialemonium sp.

TBRC 4709 were increased from 49.13% (control) to 54.31% (1.11 times of
the control) and from 64.44% (control) to 72.17% (1.12 times of the control) when the
fungus was treated with VPA, while the total fatty acid of the fungus Cladosporium
sp. TBRC 4134 was reduced from 73.50% (control) to 58.34% (1.26 times less than

the control) in the VPA treated culture, as shown in Table 6.



"00UBOIIUSIS JOJ UOLIOILIO WINWITUIW A} SB PJO[as sem 100 > d.,

"00UBOIIUSIS JOJ UOLIDILIO WNWITUIW 9} SB PAII[as sem GO0 > dy

009FLL V. | xL00F6T'T | «90°0F0T'C | €0°0FES0 | «GO'0FLLT 0 +9/'TFG8'0Z | EEEFET'6E | »VLTF60°9T | «6G0FrE 8T VdA AT 00T
(sadineyy sn)j1biadsy) 18982 004
LL'GFE0CL | xS0°0F62°0 | x20°0F720 +E£0'0F¥2°0 «0T'T¥8G9Z | 8LTF.T'ZV | «9v'0¥0L'8 | «69°0F0ETC [0U0d
20°0F6%°0 0 (sadineyy snjibiadsy) 18982 009
«LTTFVE8S *«IT0FLL0 6L TF0ZST | 0£CF¥8L'EE | «I8°0F06'6 | 0GZF.L'8E VdA T 001
xL0'0F9T0 | «E0°0FES0 +/0'0¥08°0 | x20'0F0T'0 ("ds wniiodsope|d) FETY DYl
+98'EF0G'EL | x90°0FFE0 VT 0FPY0 | «20°0¥25°0 | xGO'0F0Z'0 | E€TCFSSCT | LSTF69°CE | VL' T¥29°LT | L6T¥62°GE [0U0d
+E0'07SE'0 ("ds wnuodsope|D) vETY DYl
V9EFLT'CL | ~E0°0FE8'0 | «TO'0FSOT | 60°0FTS0 | «20'0F8S°0 | x90°0¥2G'T | «620FLy'L | «8V'0¥S6°LS | ¥Z0F¥6'L | «8E0F9T'22 VdA AT 00T
("ds wniuowsyelyd) 60/ Od9L
ST'GFrY'¥9 | »90°0F19°0 +C0'0F9€'0 | «G0'0FES'C | x95'0FS8 VT | ~Z6'0FLZEY +9E'0F€L'82 [0U0d
+80°0F¥8°0 | 60°0¥85°0 AL ("ds wniuowsyelyd) 60/ Dd9L
09 TFIEYS | STOFLTT | »9T'0FL9°0 | «¥T'0F20°T | xGO'0F80'T 0 «6V'EF09°EZ | CO9EFETTY | 86TFLEET | «6L0F98°9T VdA T 001
(11eays wnifj1o1usd) 5982 D9l
VT EFET 6V +0T'0FS9'T 62 VFV6'6E | ¥6'ZF60°LT [0U0d
L€0F99'T | x8T'0F0E'T | «6T°0FI9'T 0 £V TFOV ZT +£1°0762'vZ | (114eays wnifjoluad) 5982 o9l

Vv41% 0:¥20 0:220 0:120 0:020 €:810 2:810 D T:8T0 0:810 0:91D uonipuod ‘1bun4

19

16uny 1n6 anneluasaidal Jo ajiyoid pi1oe Aney uo (AT 00T) VdA 10 199143 9 9jgel




52

Three representative gut yeasts were Candida catenulate TBRC223, Candida
butyri TBRC 221 (syn. Candida aaseri), and Saccharomyces ludwigii TBRC 2149.
The genera Candida and Saccharomyces are commonly found as gut yeasts  ®,
particular the yeast Saccharomyces cerevisiae *. The yeast C. catenulate TBRC223
is one of the most prevalent species of yeast foud in human gastrointestinal tract **,
whereas C. butyri TBRC 221 is found as microbiota in green olive fermentations .
In this study, the yeast S. cerevisiae TBRC 1563 previously mentioned above would
be one of the representative gut yeasts (Table 4). We found that VPA had significant
effect on a-linolenic acid (C18:3) as it completely stopped the production of this fatty
acid in the VPA treated culture of S. cerevisiae TBRC 1563 (Table 4). As shown in
Table 7, VPA completely stopped the production of palmitoleic acid (C16:1) and a-
linolenic acid (C18:3); 5.54% and 1.33% of palmitoleic acid (C16:1) and a-linolenic
acid (C18:3) were produced in the control, respectively, while none were produced in
the VPA treated culture of C. catenulate TBRC 223. Palmitic acid (C16:0) production
was increased from 31.35% (control) to 48.10% (1.53 times of the control), whereas
the production of oleic acid (C18:1) was reduced from 29.90% (control) to 19.74%
(1.51 times less than the control), as shown in Table 7. VPA completely enhanced the
production of palmitoleic acid (C16:1) when the yeast C. butyri TBRC 221 was
treated with VPA. On the other hand, the production of palmitic acid (C16:0) was
reduced from 38.52% (control) to 33.84% (1.14 times less than the control) in the
VPA treated culture of C. butyri TBRC 221 (Table 7). In the yeast S. ludwigii TBRC
2149, VPA reduced the production of stearic acid (C18:0) from 6.32% (control) to
4.70% (1.34 times less than the control), oleic acid (C18:1) from 48.75% (control) to
23.63% (2.06 times less than the control), and linoleic acid (C18:2) from 5.61%
(control) to 0.35% (16.03 times less than the control), respectively (Table 7). In
contrast, VPA induced the production of trans-9-elaidic acid (trans-C18:1) in the
VPA treated culture of the yeast S. ludwigii TBRC 2149; 29.97% of this fatty acid
was produced but none observed in the control, as shown in Table 7. Normally, trans-
9-elaidic acid (trans-C18:1) is present in yeast and is degraded by peroxisomal
multifunctional enzymes ®. It was found that trans-9-elaidic acid is less toxic than its
cis isomer, oleic acid, and that it exhibited distinct effects in gene expression

regulation and processing of excess fatty acids in yeast *. In addition, trans-9-elaidic
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acid (trans-C18:1) could also inhibit B-oxidation in human peripheral macrophages

and increase intracellular Zn** level in human macrophages ** %

. Interestingly, the
present work revealed that VPA could induce the production of trans-9-elaidic acid

(trans-C18:1) in S. ludwigii TBRC 2149, the representative gut yeast (Table 7).

Although this study has not investigated the effects of VPA on fatty acid
profile of the representative gut bacteria, it is more likely that VPA may have effects
on the biosynthesis of fatty acid of gut bacteria. The genus Pediococcus is normally
found in humans and animals as intestinal flora °'. Therefore, P. acidilactici TBRC
7580 as mentioned earlier in Table 5 may be used as the representative gut bacterium.
It was found that VPA completely stopped the production of lignoceric acid (C24:0)
after feeding VPA with the culture of P. acidilactici TBRC 7580 (Table 5). The
bacterium P. acidilactici is usually used as probiotic. From the previous work, this
bacterium strain could survive in a gastrointestinal tract of volunteers about 2 weeks

after oral feeding *.

The total fatty acid contents in C. catenulate TBRC223 and S. ludwigii TBRC
2149 were decreased from 15.41% (control) to 10.32% (1.49 times less than the
control), and from 36.87% (control) to 31.54% (1.17 times less than the control),
respectively, in the VPA treated culture of those two bacterial strains. In contrast,
VPA increased the production of the total fatty acid in the bacterium C. butyri TBRC
221 from 7.39% (control) to 14.18% (1.92 times of the control), as shown in Table 7.
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Recently, a number of works have demonstrated drug-microbiome
interactions, for example, antidiabetic drug metformin and proton-pump inhibitor

41, 42

drugs , on which gut microbiome can encode enzymes responsible for drug
metabolism **. VPA has many side effects for the patients under VPA treatment, for
example, the effect on lipid metabolism % VPA interferes B-oxidation pathway of
fatty acid, and thus causing toxicity. The negative impact on serious inborn errors of
metabolism is induced from VPA treatment “, the hepatotoxicity and weight gain in
patients are also induced from VPA. VPA interferes carnitine palmitoyl-transferase |
which is a key enzyme in fatty acid p-oxidation °. The present work revealed that an
anticonvulsive drug, VPA, at the concentration of 100 uM, has effects on fatty acid
profile of fungi, bacteria, and yeast, suggesting that VPA affects the biosynthesis of
fatty acid in microorganisms. Besides VPA has the effects on fatty acid profile of the
microorganisms mentioned earlier, and VPA also has the effects on fatty acid

biosynthesis in certain representative gut microbiome.

Normally, oral administration of VPA in epilepsy treatment is usually treated
at doses of 10 to 15 mg/kg/day; 600 to 900 mg for patients with 60 kg weight.
However, prophylaxis of migraine headaches is normally treated with VPA at doses
of 250-500 mg/day, while the treatment of manic episodes associated with bipolar
disorder uses the doses up to 750 mg/day. It is possible that when patients receiving
high doses of VPA, i.e., 600 mg to 900 mg, the quantity of VPA in a gastrointestinal
tract of patients may reach at the concentration of 100 uM, which may affect the fatty
acid biosynthesis in gut microbiome of patients. Nevertheless, changing in fatty acid
profile in microorganisms induced from VPA in this present work is not predictable
according to the enhancement or reduction of fatty acid production by VPA observed
differently in an individual microorganism. The data from this work demonstrated that
certain fatty acids were completely inhibited in some strains of microorganisms, while
those of some fatty acids were enhanced by VPA in some microorganisms. Moreover,
the present work revealed that trans-9-elaidic acid (trans-C18:1) production in the
yeast S. ludwigii TBRC 2149 is induced by VPA, as shown in Table 7.
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The production of trans-9-elaidic acid (trans-C18:1) is worth mentioning
because this fatty acid was previously found to inhibite B-oxidation in human
peripheral blood macrophages, and it induced the increase of intracellular Zn*" in
human macrophages %> . Therefore, the fatty acid induction or inhibition by VPA

may have direct effects to patients under VPA treatment.

Fatty acid metabolism has a crucial role for human because it can keep the
homeostasis balance and the negative perturbations that might cause disease

development %,

Especially, short-chain fatty acids have many critical roles in
human, for example, it might have a role in microbiota-gut-brain crosstalk '®. Short-
chain fatty acids also possess key roles in regulating host metabolism, immune system

and cell proliferation °*.

4.1.2 Effect of VPA on polyketide biosynthesis

It is known that enzymes responsible for fatty acid and polyketide biosynthesis
shared the similarities of enzymes by using the similar catalytic elements .
According to data mentioned above, it was found that VPA has effects on the
production of fatty acids in microorganisms, and therefore VPA may have effects on
the biosynthesis of polyketide natural products because fatty acid synthases and
polyketide synthases have similar catalytic elements, for example, these two enzymes
may use similar common precursors and catalytic roles. From this hypothesis, it
inspired us to investigate another part of this present work, the study of effects of
VPA on the natural product polyketide biosynthesis using the endophytic fungus
Dothideomycete sp. as a fungal model; this strain of fungus is known as a source of
polyketide production in our laboratory ****°. As mentioned earlier in the literature
review that the fungus Dothideomycete sp. produced a tricyclic polyketide, and others
polyketides including azaphilone, hybrid azaphilone-pyrone, calbistrin,

isochromanone, and austdiol (compound 2) as a major compound >* **°°.
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However, in the present work after feeding the fungus Dothideomycete sp.
with 100 uM VPA, in addition to austdiol (compound 2), the fungus Dothideomycete
sp. produced other types of polyketide, e.g., known isobenzofuranone polyketides 3, 4
and 6, and a polyketide 5 (Figure 11). Compounds 3 and 4 were previously isolated as
a mixture (ratio 1:1), these two polyketides were not completely separated by reversed

2

phase HPLC in the previous study '%. In the present work, compounds 3 and 4 were

separated by repeated HPLC separation using MeOH:H,0 (40:60) as a mobile phase.

The structures of compounds 3 and 4 were elucidated by analysis of 1D and
2D NMR spectra, as well as by the comparison with data of previous study '°%. The
absolute configurations of compounds 3, 4 and 6 were established by the modified
Mosher’s method and CD spectra after derivatization *°, as well as X-ray analysis for
compound 6 '®. It was found that compounds 3 and 6 were the isomer with 3R and
8S because it had negative values, whereas compound 4 was the isomer with 3R and
8R according to the positive values % % Therefore, the absolute configuration of
compound 3 was 3R and 8S due to the negative optical rotation, [a]*" p -38.1 (¢ =
0.22, CHCI3), while compound 4 had 3R and 8R configuration with a positive optical

27.1

rotation, [a]”"" p +38.9 (c = 0.25, CHCI3). Compound 5 was a papyracillic acid

derivative which was previously isolated from the fungus Ascochyta agropyrina Var.

nana '®. Based on structure elucidation and the comparison with previous works %

104,196 " compound 2, 3, 4 and 6 were derived from polyketide biosynthesis pathway
whereas the biosynthesis of compound 5 is still unclear. There is no report on the

biosynthesis of this compound.



58

Figure 11 Structures of compounds 2-6 isolated from the endophytic fungus
Dothideomycete sp.

The endophytic fungus Dothideomycete sp. was cultivated in 100 uM of VPA.
The comparison of the metabolite profile by HPLC analysis between the VPA treated
culture and the control (without VPA) was investigated and shown in Figure 12. As
presented in Figure 12A, HPLC chromatogram of the control fungal culture showed a
peak at retention time (tg) of 6.5 min for austdiol (compound 2), at tg of 7.4 min for
compounds 3 and 4, at tg of 8.0 min for compound 5, and at tg of 10.2 min for
quadricinctone A (compound 6). Figure 12B showed HPLC chromatogram of VPA
treated culture of the fungus Dothideomycete sp. which polyketide austdiol
(compound 2) was markedly reduced more than 90% and quadricinctone A

(compound 6) was reduced almost 50% production.

VPA did not give significant effects on the production of polyketides 3, 4, and
5. From the data mentioned above, this experiment demonstrated that VPA had the
effects on polyketide production in the fungus Dothideomycete sp., as shown in
Figure 12.
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Figure 12 Metabolite profle of the fungus Dothideomycete sp.
(A) a control culture and (B) VPA (100uM) treated culture.

Previously, we hypothesized that VPA may have effects on the biosynthesis of
polyketide natural products because fatty acid synthases and polyketide synthases
may have similar catalytic elements. Interestingly, as we hypothesized, VPA has the
effects on the biosynthesis of certain polyketide natural products in the endophytic
fungus Dothideomycete sp. This knowledge is very interesting and useful to apply in

natural production research.
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4.1.3 Structure elucidation of compound 1 isolated from the fungus
Trichoderma reesei and compounds 2-6, isolated from the fungus
Dothideomycete sp.

4.1.3.1 Structure elucidation of compound 1

Compound 1 was obtained as brown-orange amorphous solid. The molecular
formula of C¢H;103 was determined by HRESI-MS showing m/z 131.0713 [M+H]"
(calcd. for 131.0708). IR spectrum showed the absorption bands at 3425 cm™ and
1704 cm™, indicating the presence of -OH and carbonyl functional groups,
respectively. The UV spectrum absorption was at 203.50 nm. The *H NMR spectrum
of compound 1 showed three sp® methylene groups at & 1.83 and 1.93 (1H, m, H-5),
4.20 and 4.50 (1H, ddd, td, J=16, 12, 4 and J= 12, 4, H-6) and 2.50 (1H, s, H-3), and
methyl group at & 1.30 (3H, s, 7-Me). The *H-'H COSY spectrum revealed the
correlation of H-5 and H-6. The HMBC correlations were observed from H-3 (o4
2.50) to C-2; from H-5 (64 1.83 and 1.93) to C-6; and from 7-Me (64 1.30) to C-3, C-
4, and C-5. On the basis of these spectroscopic data, the structure of compound 1 was
established, and this compound was previously isolated from marine fungi '*’.

Spectroscopic data of compound 1 are indentical to those reported in the literatures '°”
108



Table 8 'H and **C NMR spectral data (400 MHz, in acetone-d6) of compound 1

Position S, mult. (J in Hz) & HMBC
2 - 170.2 | -
3 2.50,s 449 | C-2
4 - 67.8 | -
5 1.83,1.93, m 36.1 | C-6, C-7
6 4.20, 4.50, ddd, td 66.0 | -
(16, 12, 4), (12, 4)
7 1.30, s 29.0 | C-3,C4,C-5

61
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4.1.3.2 Structure elucidation of compound 2

OH

1

o \Ba R 7 OH
Q NZZT
; . 4a Y5 O

CHO
10

Compound 2 was obtained as brown-red amorphous solid. The molecular
formula of C1,H1,05 was determined by HRESI-MS showing m/z 259.0577 [M+H]"
(calcd. for 259.0582). IR spectrum showed the absorption bands at 3474 cm™ and
1734 cm™ which indicated the presence of -OH and carbonyl functional groups,
respectively. The UV spectrum absorptions were observed at 378.50, 255.50 and
203.50 nm. The *H NMR spectrum of compound 2 showed signals of one oxygenated
sp® methine group at & 4.66 (H, s, H-8), one oxygenated methine group at & 10.16
(H, s, H-10), two aromatic methine protons at &4 8.02 (H, s, H-1) and 8.39 (H, s, H-4),
one methyl group at & 2.44 (H, s, Me-9) and one sp® methyl at & 1.18 (H, s, Me-11).
The HMBC correlations were observed from H-1 (4 8.02) to C-3, C-8a and C-9;
from H-4 (64 8.39) to C-3 and C-8a; from H-8 (4 4.66) to C-1, C-8a and C-11; from
Me-9 (6 2.44) to C-3 and C-4; from H-10 (&4 10.16) to C-4a, C-5 and C-8a and from
Me-11 (64 1.18) to C-6, C-7 and C-8. Compound 2, namely austdiol, was previously

1% On the basis of these

k 106

isolated from the endophytic fungus Mycoleptodiscus indicus
spectroscopic data and the data comparison with previous wor , the structure of

compound 2 was established.



Table 9 *H and **C NMR spectral data (400 MHz, in CDCI3) of compound 2

Position | &, mult. (Jin & HMBC
Hz)
1 8.02, s 150.8 | C-3, C-4, C-5, C-8a,
C-9
2 - - -
3 - 166.3 | -
4 8.39, s 1079 | C-3,C-4,C-7,C-8a
4a - 1449 | -
5 - 108.3 | -
6 - 198.2 | -
7 - 72.1 -
8 4,66, s 75.0 C-1, C-8,C-8a, C-11
8a - 1209 |-
9 2.44,s 20.4 C-3,C4
10 10.16, s 189.8 | C-4a, C-5, C-8a
11 1.18,s 18.3 C-6, C-7,C-8

63



64

4.1.3.3 Structure elucidation of compound 3

Compound 3 was obtained as yellow amorphous semi-solid. The molecular
formula of C13H160s Was determined by HRESI-MS showing m/z 291.0838 [M+H]"
(calcd. for 291.0845). IR spectrum showed the absorption bands at 3460 cm™ and
1751 cm™ which indicated the presence of -OH and carbonyl functional groups,
respectively. The UV spectrum absorptions were observed at 299.5, 259.5 and 217.0
nm. The *H NMR spectrum of compound 2 showed signals of one methoxy group at
on 3.88 (3H, s, 5-OMe), two methyl groups at 64 1.81 (3H, s, 10-Me) and 2.13 (3H, s,
11-Me), one aromatic methine at & 6.44 (1H, s, H-6), one sp® methine at & 4.12 (1H,
d, J=16, H-8), and one sp> methylene group at &4 3.35 (1H, d, J=8, H-9). The *H-'H
COSY spectrum revealed the correlation of H-8 and H-9. The HMBC correlations
were observed from H-6 (o4 6.44) to C-4, C-5, C-7 and C-7a; from 10-Me (o4 1.81) to
C-3, C-3a and C-8; from 11-Me (o 2.13) to C-3a, C-4, and C-5; and from 5-OMe (4
3.88) to C-5. On the basis of these spectroscopic data, the structure of compound 3
was established, and this compound was previously isolated from the fungus
Entrophospora sp. ' Unfortunately, the previous work obtained compounds 3 and 4

as a mixture with the ratio of 1:1 1%

. In this work, compounds 3 and 4 were
completely separated by repeated HPLC separation using MeOH:H,O (40:60) as a
mobile phase. The absolute configurations of compounds 3, 4 and 6 were confirmed
by comparing our data with previous work . It was found that the isomer with 3R
and 8S (compound 3) had negative values, whereas the isomer with 3R and 8R
(compound 4) had positive values % 1% Therefore, the absolute configuration of
compound 3 was 3R and 8S due to the negative optical rotation, [a]*"* p -38.1 (¢ =

0.22, CHCIy).



Table 10 *H and *C NMR spectral data (400 MHz, in CDCI3) of compound 3

Position Sy, mult. (Jin | & HMBC
Hz)
1 - 170.8 -
3 - 90.2 -
3a - 148.7 -
4 - 112.7 -
5 - 165.5 -
6 6.44, s 98.5 C-7a,C-4, C-7,C-5
7 - 156.6 -
7a - 102.6 -
8 412,d(3.8) | 745 -
9 335,d,(81) |624 -
10 1.81,s 21.6 C-8, C-3, C-3a
11 2.13,s 11.3 C-4, C-3a, C-5
5-OMe 3.88, s 56.3 C-5
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4.1.3.4 Structure elucidation of compound 4

Compound 4 was obtained as yellow amorphous semi-solid. The molecular
formula of C13H160s Was determined by HRESI-MS showing m/z 291.0839 [M+H]"
(calcd. for 291.0845). IR spectrum showed the absorption bands at 3394 cm™ and
1717 cm™ which indicated the presence of -OH and carbonyl functional groups,
respectively. The UV spectrum absorptions were at 298.5, 259.0 and 216.0 nm. The
'H NMR spectrum of compound 4 showed signals of one methoxy group at & 3.87
(3H, s, 5-OMe), two methyl groups at o4 1.70 (3H, s, 10-Me) and 2.17 (3H, s, 11-
Me), one aromatic methine at & 6.43 (1H, s, H-6), one sp® methine at &4 4.17 (1H, d,
J=4, H-8), and one sp® methylene group at & 3.80 (1H, d, J=8, H-9). The ‘H-'H
COSY spectrum revealed the correlation of H-8 and H-9. The HMBC correlations
were observed from H-6 (&4 6.43) to C-4, C-5, C-7 and C-7a; from 10-Me (o4 1.70) to
C-3, C-3a and C-8; from 11-Me (&4 2.17) to C-3a, C-4, and C-5; from H-8 (64 4.17)
to C-3 and C-9, and from 5-OMe (&4 3.87) to C-5. On the basis of these spectroscopic

102, 103, 104
02, 103, O,the

data and by data comparison with previous works as mentioned above
structure of compound 4 was established. The absolute configuration of compound 4

was 3R and 8R due to the positive optical rotation, [o]*"*p +38.9 (0.25, CHCIs).



Table 11 *H and *C NMR spectral data (400 MHz, in CDCI3) of compound 4
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Position Sy, mult. (Jin | & HMBC
Hz)
1 - 171.2 -
3 - 90.4 -
3a - 149.4 -
4 - 112.5 -
5 - 165.3 -
6 6.43, s 98.3 C-7a,C-4, C-7,C-5,C-1
7 - 156.4 -
7a - 103.2 -
8 417,d (43) | 736 C-9, C-3
9 3.80,d, (8.0) |62.1 C3
10 1.70, s 21.1 C-8, C-3,C-3a
11 2.17,s 10.9 C-4,C-3a, C-5
5-OMe 3.87,s 56.2 C-5
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4.1.3.5 Structure elucidation of compound 5

Compound 5 was obtained as yellow amorphous semi-solid. The molecular
formula of C11H1605 was determined by HRESI-MS showing m/z 251.0883 [M+H]"
(calcd. for 251.0895). IR spectrum showed the absorption bands at 3396 cm™ and
1737 cm™  which indicated the presence of -OH and carbonyl functional groups,
respectively. The UV spectrum absorption was observed at 223.0 nm. The *H NMR
spectrum of compound 5 showed signals of one methine group at &4 5.11 (1H, s, H-
2), one methoxy group at o4 3.91 (3H, s, 11-Me), and three methyl groups at o4 1.55
(3H, s, H-8), 0.93 (3H, s, 9-Me), and 1.07 (3H, s, 10-Me). The *H-'H COSY spectrum
revealed the fragment of H-10/ H-6/ H-5/ H-9. The HMBC correlations were
observed from H-2 (64 5.11) to C-1 and C-4; from H-5 (d42.38) to C-4; from H-6 (o4
1.96) to C-5 and C-7; from 8-Me (84 1.55) to C-6 and C-7; from 9-Me (64 0.93) to C-
4 and C-5; from 10-Me (64 1.07) to C-5, C-6 and C-7; and from 11-Me (64 3.91) to C-
3. Compound 5 was a derivative of papyracillic acid, which was previously isolated
from Ascochyta agropyrina var. nana *°'%. On the basis of these spectroscopic data

105, 109

and from the comparison of our data with previous works , the structure of

compound 5 was established as shown.



Table 12 *H and *C NMR spectral data (400 MHz, in CDCI3) of compound 5

Position Sy, mult. (Jin | & HMBC
Hz)

1 - 169.3 -

2 5.11,s 90.5 C-1,C4

3 - 176.2 -

4 - 109.7 -

5 2.38, dq 43.6 C-6,C-4
(12.4, 6.8)

6 1.96, dq 47.0 C-5,C-7,C-9
(12.4, 6.8)

7 - 107.7 -

8 1.55, s 26.3 C-6, C-7

9 0.93,d(6.8) |10.1 C-4,C5,C5

10 1.07, d (6.8) 114 C-5, C-6, C-7

11 3.91,s 59.6 C-3
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4.1.3.6 Structure elucidation of compound 6

Compound 6 was obtained as yellow amorphous semi-solid. The molecular
formula of C14H1505 was determined by HRESI-MS showing m/z 289.1020 [M+H]"
(calcd. for 289.1052). IR spectrum showed the absorption bands at 3419 cm™ and
1726 cm™, indicating the presence of -OH and carbonyl functional groups,
respectively. The UV spectrum absorptions were observed at 299.0, 260.5 and 221.0
nm. The 'H NMR spectrum of compound 6 showed characteristic signal of two
methoxy groups at ¢4 3.93 (3H, s, 5-OMe) and 3.98 (3H, s, 7-OMe), three methyl
groups at &4 0.88 (3H, d, J=6.4, 9-Me), 1.77 (3H, s, 10-Me) and 2.13 (3H, s, 11-Me),
one aromatic methine at & 6.41 (1H, s, H-6), and one sp* methine at & 4.22 (1H, d,
J=6.4, H-8). The *H-'H COSY spectrum revealed the correlation of H-8 and 9-Me.
The HMBC correlations were observed from H-6 (84 6.41) to C-4, C-5, C-7 and C-7a;
from 9-Me (64 0.88) to C-3, C-8 and C-10; from 10-Me (&4 1.77) to C-3, C-3a and C-
8; from 11-Me (o4 2.13) to C-3a, C-4, and C-5; from H-8 (o4 4.22) to C-3, C-9 and C-
10; from 5-OMe (o4 3.93) to C-5 and C-6; and from 7-OMe (04 3.98) to C-6 and C-7.
Compound 6 was previously isolated from Leptosphaeria sp °. The absolute
configuration of compound 6 was confirmed by comparing our data with previous
work *%. 1t was found that the absolute configuration of compound 6 was 3R and 8S
due to the negative optical rotation, [0]*>°5 -18.0 (0.14, CHCl5).



Table 13 *H and *C NMR spectral data (400 MHz, in CDCI3) of compound 6

Position Sy, mult. (Jin | & HMBC

Hz)
1 - 168.0 -
3 - 88.6 -
3a - 152.8 -
4 - 111.7 -
5 - 164.5 -
6 6.41, s 94.4 C-7a, C-4,C-7,C-5,C-1
7 - 158.3 -
7a - 105.7 -
8 422,d(6.4) |70.9 C-9, C-10, C-3
9 0.88,d,(6.4) |17.8 C-10, C-8, C-3
10 1.77,s 21.5 C-8, C-3,C-3a
11 2.13,s 11.1 C-4, C-3a, C-5
5-OMe 3.93,s 55.9 C-6, C5
7-OMe 3.98, s 56.1 C-6, C-7




4.1.4 Antibacterial activity

Table 14 Antibacterial activity of compounds 3-6
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Bacterial strains

Inhibition zone (mm)

Tetracycline | Chloramphenicol | Compound | Compound | Compound | Compound

3 4 5 6

Pseudomonas 24 25 Inactive Inactive 8 10

aeruginosa (-)

Salmonella 26 26 Inactive Inactive 10 11

enterica (-)

Bacillus cereus 24 27 Inactive Inactive 8 8

(+)

Compounds 3-6 were investigated for their antibacterial activity against P.

aeruginosa, S. enterica and B. cereus. It was found that compound 5 showed weak

antibacterial activity against P. aeruginosa, S. enterica and B. cereus with inhibition

zones of 8, 10 and 8 mm, respectively. Moreover, compound 6 also exhibited weak

antibacterial activity against P. aeruginosa, S. enterica and B. cereus with inhibition

zones of 10, 11 and 8 mm, respectively, as shown in Table 14.
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4.1.5 Cancer chemoprevention activity

The isolated compounds were evaluated for cancer chemoprevention
properties. It was found that compound 5 exhibited weak activity for the xanthine
oxidase assay (XXO) with an ICs value of 365.9£5.9 uM. Compound 6 exhibited
moderate activity for the XXO assay with an ICsg value of 117.9+£2.5uM, as shown in
Table 15.

Table 15 Cancer chemoprevention activity of compounds 3, 4, 5 and 6

Compounds ICs0 (LM)
XXO assay
3 Inactive
4 Inactive
5 365.9+5.9
6 117.9+2.5
4.1.6 Cytotoxic activity

Compounds 3-6 were also investigated for their cytotoxic activity, and it was
found that compound 6 showed moderate cytotoxic activity against MOLT-3 cell line
with 1Csp value of 170.32 + 1.07 uM, as shown in Table 16.

Table 16 Cytotoxic activity of compounds 3, 4, 5 and 6

Compounds Cytotoxic activity, 1Cso (uM); values are
expressed as mean £s.d., n =3
MOLT-3
3 Inactive
4 Inactive
5 Inactive
6 170.32 + 1.07
Etoposide (ug/ml) 0.008 + 0.000
Doxorubicin (pug/ml) ND

ND= Not determined

MOLT-3 (acute lymphoblastic leukemia)
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4.2 Bioactive compounds from Feroniella lucida (Scheff.) Swingle

4.2.1 Structure elucidation of compound 7

Compound 7 was obtained as yellow solid. The molecular formula of
C11H1sNO was determined by HRESI-MS showing m/z 180.1367 [M+H]" (calcd. for
180.1383). IR spectrum showed absorption band at 3365 cm™ which indicated the
presence of -OH functional group The UV spectrum absorptions were observed at
267.0 and 202.5 nm. The *H NMR spectrum of compound 7 showed signals of three
methyl groups at o4 3.26 (3H, s, 9-Me), 3.26 (3H, s, 10-Me) and 3.26 (3H, s, 11-Me),
para-substituted aromatic methine protons at o4 6.74 (2H, d, J=8, H-2 or H-6) and
7.11 (2H, d, J=8, H-3 or H-5) and two groups of non-equivalent methylene protons at
&4 3.06 and 3.54. It should be noted that H-7 was overlapped with H-8. *H-'H COSY
spectrum revealed the correlation of H-2 or H-6 and H-3 or H-5. The HMBC
correlations were observed from H-2 or H-6 (&4 6.74) to C-1, C-2 and C-4; from H-3
or H-5 (64 7.11) to C-1, C-5, C-6 and C-7; from H-7 (o4 3.06 and 3.54) to C-3, C-4
and C-8; from H-8 (o4 3.06 and 3.54) to C-4, C-7 and C-10; from 9-Me (o4 3.26) to
C-7, C-8, C-10 and C-11; from 10-Me (o4 3.26) to C-7, C-8, C-9 and C-11 and from
11-Me (o4 3.26) to C-7, C-8, C-9 and C-10. Compound 7, namely N,N,N-
trimethyltyramine or candicine, was previously isolated from Ginkgo biloba °,

111

Stapelia hirsuta L., cactus-like plant *** and citrus plant 1*# '3, On the basis of these

spectroscopic data and from the comparison of our data with previous works * 1

12113 the structure of compound 7 was established.



Table 17 *H and *C NMR spectral data (400 MHz, in acetone-d6) of compound 7

Position | &, mult. (J in Hz) X HMBC
1 - 156.7 |-
2 6.74,d (8) 1162 | C-1,C-2,C-4
3 7.11,d (8) 130.7 | C-1,C-5 C-6 C-7
4 - 126.8
5 7.11,d (8) 130.7 | C-1,C-5 C-6 C-7
6 6.74,d (8) 1162 | C-1,C-2,C-4
7 3.06, 3.54, dd (9, 9) 28.6 | C-3,C-4,C-8 C-9
8 3.06, 3.54, dd (9, 9) 67.9 | C-4,C-7,C-10
9 3.26, s 535 | C-7,C-8, C-10, C-11
10 3.26, s 535 | C-7,C-8, C-9, C-11
11 3.26, s 535 | C-7,C-8, C-9, C-10
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4.2.2 Structure elucidation of compound 8

Compound 8 was obtained as yellow solid. The molecular formula of
C11H1sNO; was determined by HRESI-MS showing m/z 196.1332 [M+H]" (calcd. for
196.1388). IR spectrum showed absorption band at 3222 cm™, indicating the presence
of -OH functional group. The UV spectrum absorptions were observed at 276.5 and
225.5 nm. The *H NMR spectrum of compound 8 showed signals of three methyl
groups at o4 3.33 (3H, s, 9-Me), 2.80 (3H, s, 10-Me) and 3.24 (3H, s, 11-Me), para-
substituted aromatic protons at o4 6.78 (2H, d, J=8, H-2 or H-6) and 7.25 (2H, d, J=8,
H-3 or H-5), one sp® methine at & 5.0 (1H, dd, J=8 and 12, H-7) and methylene
protons at & 3.18 (2H, t, H-8). The *H-"H COSY spectrum revealed the correlations
of H-5 or H-3 and H-6 or H2 and H-7 and H-8. The HMBC correlations were
observed from H-2 or H-6 (&4 6.78) to C-1, C-4, C-5 and C-6; from H-3 or H-5 (&4
7.25) to C-1, C-2, C-5 and C-7; from H-7 (&4 5.0) to C-3, C-4 and C-8; from H-8 (o4
3.18) to C-9 and C-10; from 9-Me (&4 3.33) to C-10 and C-11; from 10-Me (o4 2.80)
to C-8 and from 11-Me (64 3.24) to C-9 and C-10. On the basis of these

spectroscopic data and from the comparison of our data with previous works **4 >

18 the structure of compound 8 was established.



Table 18 1H and 13C NMR spectral data (400 MHz, in acetone-d6) of compound 8

Position o, mult. (Jin o HMBC
Hz)

1 - 157.3 -
2 6.78, d (8) 115.8 C-1,C-4,C-5,C-6
3 7.25d (8) 127.8 C-1,C-2,C-3,C-7
4 - 131.9 -
5 7.25d (8) 127.8 C-1,C-2,C-3,C-7
6 6.78, d (8) 115.8 C-1,C-4,C-5,C-6
7 5.0,dd (8, 12) 68.6 C-3,C-4,C-8
8 3.18, t 54.6 C-9, C-10
9 3.33,s 53.5 C-10, C-11
10 2.80, s 33.4 C-8
11 3.24,s 53.4 C-9, C-10

7
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4.2.3 Biological activities of compounds isolated from F. lucida

The isolated compounds were evaluated for cancer chemoprevention
properties. It was found that compound 8 exhibited weak activity for the xanthine
oxidase assay (XXO) with an ICsq value of 473.8+13.4 uM, as shown in Table 19.

Table 19 Cancer chemoprevention activity of compound 8 isolated from F. lucida

Compounds Assay/ICs
XXO
Compound 8 473.8£13.4 uM
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4.3 Bioactive compounds from termite-associated fungus ISFB10

4.3.1 Structure elucidation of compound 9

Compound 9 was obtained as yellow crystal solid. The molecular formula of
Ca29H4009 Was determined by HRESI-MS showing m/z 555.2562 [M+Na]" (calcd. for
555.2570). IR spectrum showed absorption bands at 3437 cm™ and 1732 cm™ which
indicated the presence of -OH and carbonyl functional groups, respectively. The UV
spectrum absorption was observed at 262 nm. The *H NMR spectrum of compound 9
showed signals of four oxygenated sp*® methines at & 3.71 (H, t, H-11), 3.73 (H, t, H-
2), 3.80 (H, t, H-6") and 5.80 (H, dd, J=8 and 9, H-4), five sp> methines at & 6.19 (H,
dd, J=16 and 16, H-7°), 7.61 (H, t, H-8"), 6.79 (H, t, H-9°), 5.75 (H, d, J=12, H-10)
and 5.37 (H, d, J=5, H-10), three sp® methines at & 2.06 (H, dd, J=9 and 9, H-3"),
3.72 (H, t, H-13") and 4.07 (H, d, t, H-2"), four methyl groups at o4 0.8 (3H, s, 14-
Me), 1.68 (3H, s, 16-Me), 1.06 (3H, dd, J=7, 12°-Me) and 1.05 (3H, dd, J=7, 14’-Me),
methylene protons at 64 1.92 (2H, m, H-8), and six non-equivalent methylene protons
at oy 2.05 and 2.47 (H, dd, J=15 and 15, H-3), 1.80 and 1.85 (H, m, H-7), 2.80 and
3.0 (H, d, J=4, H-13), 4.29 and 4.40 (H, d, J=12, H-15), 1.55 and 1.75 (H, m, H-4"),
and 3.50 and 3.72 (H, m, H-5"). The *H-'H COSY spectrum revealed the correlations
of H-3 and H-4, H-7° and H-8’, H-8 and H-9’, and H-9’ and H-10’. The HMBC
correlations were observed from H-2 (&4 3.73) to C-4, C-5 and C-11; from H-3 (o4
2.05 and 2.47) to C-2, C-5 and C-12; from H-4 (64 5.8) to C-6, C-12 and C-11"; from
H-7 (o4 1.80 and 1.85) to C-6, C-7, C-8, C-11, C-12 C-15 and C-16; from H-8 (&4
1.92) to C-6, C-7, C-9 and C-10; from H-10 (&4 5.37) to C-6, C-8 and C-11; from H-
11 (64 3.71) to C-5, C-9, C-10 and C-16; from H-13 (o4 2.8 and 3.0) to C-2 and C-12;
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from 14-Me (o4 0.8) to C-4, C-5, C-6 and C-12; from H-15 (o4 4.29 and 4.4) to C-5,
C-6, C-7, C-11 and C-1’; from 16-Me (o4 1.68) to C-9 and C-10; from H-2" (o4 4.07)
to C-1’; from H-3" (&4 2.06) to C-2’; from H-4* (64 1.55 and 1.75) to C-2°, C-3’, C-5°
and C-12’; from H-6’(64 3.8) to C-5°, C-7’ and C-8’; from H-7" (&4 6.19) to C-6’, C-
8, and C-9°; from H-8’ (& 7.61) to C-6°, C-9’and C-10"; from H-9’ (&4 6.79) to C-7°,
and C-117; from H-10" (845.75) to C-8° and C-11’; from H-12’ (&4 1.06) to C-2°, C-
3’, C-4’ and C-5’ and from H-14" (&4 1.05) to C-6’. Compound 9, namely roridin A,
was previously isolated from Myrothecium verrucaria **’. On the basis of these

spectroscopic data and from the comparison of our data with previous works **" 1%,

the structure of compound 9 was established.



Table 20 *H and *C NMR spectral data (400 MHz, in acetone-d6) of compound 9

Position S, Mult. (Jin Hz) oc HMBC
2 3.73, t 79.4 C-4,C-5, C-11
3 2.05, 2.47, dd (15, 15) 35.4 C-2,C-5, C-12,
4 5.8, dd (8, 9) 76.8 C-6, C-12, C-11’
5 - 50.0 -
6 - 44.5 -
7 1.8,1.85, m 20.8 C-6, C-7,C-8, C-11, C-12, C-
15, C-16
8 1.92, m 28.2 C-6, C-7,C-9, C-10
9 - 139.1 -
10 5.37,d (5) 120.0 C-6,C-8, C-11
11 3.71,t 67.5 C-5, C-9, C-10, C-16
12 - 65.8 -
13 2.8,3.0,d (4) 47.7 C-2,C-12
14 0.8,s 7.8 C-4, C-5, C-6, C-12
15 4.29,4.4,d (12) 64.3 C-5,C-6, C-7,C-11, C-1°
16 1.68, s 23.2 C-9, C-10
1’ - 174.9 -
2’ 4.07,t 76.1 C-I’
3’ 2.06, dd (9, 9) 37.2 c-2’
4 1.55,1.75, m 34.2 c-2’,C-3°,C-5,C-12
5 35,372, m 70.2 -
6’ 3.8, t 84.3 C-5°,C-7°,C-8
7 6.19, dd (16, 16) 1414 | C-6°,C-8°,C9’
8’ 7.61,t 126.5 c-6’,C-9’, C-10°
9’ 6.79, t 144.9 C-7,C-11°
10° 5.75,d (12) 1175 C-8,C-11°
11° - 167.1 -
12’ 1.06, dd (7, 7) 14.8 C-2’,C-3’,C-4,C-5
13° 3.72,t 67.5 -
14 1.05, dd (7, 7) 18.4 C-6°
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4.3.2 Structure elucidation of compound 10

Compound 10 was obtained as yellow crystal solid. The molecular formula of
C27H3409 Was determined by HRESI-MS showing m/z 525.2086 [M+Na]" (calcd. for
525.2101). IR spectrum showed absorption bands at 3482 cm™ and 1712 cm™,
indicating the presence of -OH and carbonyl functional groups, respectively. The UV
spectrum absorption was observed at 259 nm. The *H NMR spectrum of compound
10 showed signals of three oxygenated sp> methines at & 5.90 (H, dd, J=8 and 8, H-
2) and & 3.72 (H, t, H-11) and & 3.71 (H, t, H-4), five spp® methines at & 6.20 (H,
dd, J=11 and 11, H-7"), 6.86 (H, t, H-8"), 8.06 (H, dd, J=16 and 16, H-9°), 6.10 (H, d,
J=16, H-10") and 5.39 (H, d, J=4, H-10), two sp® methines at & 4.23 (H, d, J=2, H-
2°) and 2.40 (H, d, m, H-3"), three methyl groups at & 0.87 (3H, s, 14-Me), 1.70 (3H,
s, 16-Me) and 0.89 (3H, s, 12°-Me), methylene protons at 64 1.93 (2H, m, H-8) and
six non-equivalent methylene protons at o4 2.10 and 2.50 (H, dd, J=15 and 8, H-3),
1.82 and 1.91 (H, m, H-7), 2.80 and 3.0 (H, d, J=4, H-13), 4.22 and 4.69 (H, d, J=11
and 12, H-15), 1.81 and 1.92 (H, m, H-4") and 4.0 and 4.4 (H, m, H-5"). The *H-'H
COSY spectrum revealed the correlations of H-2 and H-3, H-3 and H-4, H-10 and H-
11, H-3’ and H-4’, H4’ and H-5’, H-7’ and H-8’, H-8” and H-9’ and H-9’ and H-10".
The HMBC correlations were observed from H-2 (&4 5.9) to C-6 and C-12; from H-3
(2.1 and 2.5) to C-2, C-4, C-5 and C-12; from H-7 (654 1.82 and 1.91) to C-6, C-8,
C-9 and C-11; from H-8 (o4 1.93) to C-10; from H-10 (&4 5.39) to C-6, C-8, C-11 and
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C-16; from H-11 (&4 3.72) to C-2, C-5, C-7, C-9, C-10 and C-11; from H-13 (64 2.8
and 3.0) to C-4 and C-12; from 14-Me (04 0.87) to C-2, C-5, C-6 and C-12; from H-
15 (o4 4.22 and 4.69) to C-5, C-6, C-7, C-11 and C-1’; from 16-Me (o4 1.7) to C-8, C-
9 and C-10; from H-2’ (64 4.23) to C-1°, C-3°, C-4’ and C-12’; from H-3" (&4 2.4) to
C-4> and C-12’; from H-4’ (& 1.81 and 1.92) to C-3°, C-5’ and C-12’; from H-5" (S
4.0 and 4.4) to C-2°, C-3’ and C-4’; from H-7’ (64 6.2) to C-6’ and C-9’; from H-8’
(& 6.86) to C-67, C-9’and C-10"; from H-9° (& 8.06) to C-7°, C-8’ and C-11’; from
H-10" (84 6.1) to C-8’ and C-11" and from H-12’ (& 0.89) to C-2°, C-3’and C-4°. .
Compound 10, namely verrucarin A, was also isolated from Myrothecium verrucaria

117 On the basis of these spectroscopic data and from the comparison of our data with

117,118

previous works , the structure of compound 10 was established.



Table 21 *H and *C NMR spectral data (400 MHz, in acetone-d6) of compound 10
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Position S, Mult. (Jin Hz) oc HMBC
2 5.9, dd (8, 8) 76.8 C-6, C-12
3 2.1, 2.5, dd (15, 8) 35.6 C-2,C+4,C-5, C-12
4 3.71,t 79.4 -
5 - 50.1 -
6 - 44.9 -
7 1.82,1.91, m,s 20.6 C-6, C-8, C-9, C-11,
8 1.93,s 28.1 C-10
9 - 139.9 -
10 5.39,d (4) 119.9 C-6, C-8, C-11, C-16,
11 3.72,t 67.3 C-2,C-5, C-7,C-9, C-10, C-11
12 - 65.8 -
13 2.8,3.0,d (4) 47.8 C-4,C-12
14 0.87,s 8.0 C-2,C-5, C-6, C-12,
15 4.22,4.69,d (11, 12) 63.2 C-5,C-6,C-7,C-11, C-1°
16 1.7,s 23.2 C-8, C-9, C-10
1’ - 174.8 -
2’ 4.23,d (2) 74.6 C-1’,C-3°,C-4,C-12
3’ 24, m 33.8 C-4,C-12°
4 1.81,1.92, m,s 33.1 c-3’,C-5, C-12°
5 40,44, m 61.7 c-2’,C-3’,C4
6’ - 166.7 -
7 6.2, d (11) 1269 | C-6’,C-9’
8’ 6.86, t 139.2 c-6’,C-9’, C-10°
9’ 8.06, dd (15, 16) 139.7 | C-7°,C-8°,C-11
10° 6.1, d (16) 128.1 C-8,C-11°
11’ - 165.7 -
12’ 0.89,s 10.6 C-2’,C-3’,C-4




4.3.3 Biological activities of compounds isolated from termite-associated

fungus ISFB10
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Table 22 Cytotoxic activities of compounds isolated from termite-associated fungus

ISFB10
Compound Cytotoxic activity, ICsy (LM); values are expressed as mean £s.d., n =3
HuCCA-1 A549 MOLT-3 HepG2 MRC-5
Compound 9 0.016+0.0007 | 0.0055+0.0001 0.005+0.0003 0.024+0.002 0.038+0.006
Compound 10 | 0.014+0.0005 | 0.0047+0.0005 0.008+0.0002 0.019+0.001 0.012+0.0004
Etoposide ND ND 0.027+0.002 | 62.66+1.43 ND
Doxorubicin | 1.00£0.044 0.57+0.049 | 0.0137+0.0000 | 0.552:+0.03 2.380+0.22

ND= Not determined

carcinoma)

MOLT-3 (acute lymphoblastic leukemia)

HUCCA-1 (human cholangiocarcinoma cell line)

HepG2 (liver hepatocellular

A549 (human lung cancer)

MRC-5 (normal fibroblast cell)

Compounds isolated from termite-associated fungus ISFB10 (unidentified)
were evaluated for cytotoxic activities toward HUCCA-1, A549, MOLT-3 and HepG2

cell lines. It was found that compounds 9 exhibited strong cytotoxic activities toward
HUCCA-1, A549, MOLT-3 and HepG2 with the ICsy values of 0.016+£0.0007 uM,

0.0055+0.0001 pM, 0.005+0.0003 pM and 0.024+0.002 pM,

respectively.

Compounds 10 also exhibited strong cytotoxic activities toward HUCCA-1, A549,
MOLT-3 and HepG2 cancer cell lines with ICsy values of 0.014+0.0005 uM,
0.0047+0.0005 uM, 0.008+0.0002 uM and 0.01920.001uM, respectively.
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These two compounds were also evaluated their cytotoxicity toward normal
cell line, MRC-5. Unfortunately, compounds 9 and 10 were also exhibited strong
cytotoxic activity toward MRC-5 with the 1Cs, values of 0.038+0.006 pM and
0.012+0.0004 uM, respectively. These data indicated that these compounds had no
selectivity, and could kill both cancer cells and normal cells. Previous works reported
that roridin A and verrucarin A (compounds 9 and 10) were macrocyclic
trichothecene mycotoxins, which can cause many serious problems, for example,
inhibiting of protein translation in eukaryote. Moreover, the contamination of
macrocyclic trichothecene mycotoxins in livestock production can cause many serious
problems to animals, for example, diarrhea, vomiting, leukocytosis and

gastrointestinal hemorrhage '8 **°,
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Chapter V

Conclusion

5.1 Effects of VPA on biosynthesis of fatty acids and polyketides
5.1.1 Effects of VPA on biosynthesis of fatty acids

This work revealed that an anticonvulsive drug, VPA, has effects on
biosynthesis of fatty acid in microorganisms including fungi, bacteria, yeast, as well
as representative gut microbiome. Biosynthesis of certain fatty acids was completely
inhibited by VPA, while that of some fatty acids was induced by VPA. The induction
or inhibition of fatty acid biosynthesis was unpredictable in each strain of
microorganisms. Interestingly, VPA could induce the production of trans-9-elaidic
acid in S. ludwigii TBRC2149. It is worth mentioning that trans-9-elaidic acid was
previously found to have many effects on human health, for example, the inhibition
of p-oxidation in human peripheral blood macrophages, and the increase of
intracellular Zn*" in human macrophages. Therefore, the induction or inhibition of
certain fatty acids by VPA drug may have direct effects to patients under VPA
treatment. In this study, we found that VPA with the concentration 100 uM has effects
on the biosynthesis of fatty acids in certain representative gut microbiome. Normally,
oral administration of VPA for the treatment of epilepsy uses this drug at doses of 10
to 15 mg/kg/day, meaning that 600 mg to 900 mg for the patient with 60 kg weight. It
is possible that the amount of VPA in gastrointestinal tract may reach at the
concentration of 100 uM after patients taking high doses of this drug, which may
affect the fatty acid biosynthesis in gut microbiome of patients. Research on VPA at
the molecular levels should be further studied to reveal the mechanistic action of VPA

on changes of fatty acids.
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5.1.2 Effects of VPA on biosynthesis of polyketides

From the result, VPA could not diversify secondary metabolite production via
mevalonate pathway in the marine-derived fungus Trichoderma reesei. This work
demonstrated that VPA has effects on the biosynthesis of certain polyketide natural
products produced by the fungus Dothideomycete sp. As mentioned earlier, fatty acid
and polyketide biosynthesis have the similarities of using catalytic elements. Beside
the induction or inhibition of fatty acid biosynthesis in microorganisms. VPA it could
also affect polyketide biosynthesis in the fungus Dothideomycete sp. by inhibiting the
production of compound 2 (austdiol), the major compound produced by this fungus,
almost 100% inhibition and reducing the production of compound 6 by 50%
(approximate). The productions of compounds 3, 4 and 5 were not affected by VPA.

5.2 Bioactive compounds from Feroniella lucida (Scheff.) Swingle
From this work, compounds 7 and 8 were isolated from a crude MeOH extract

of spine part. Previous works % 115 120,121,122

reported that compounds 7 and 8 were
hordenine and hordenine derivative, respectively. The isolated compounds were
evaluated for cancer chemoprevention properties. It was found that compound 8
exhibited weak activity for the xanthine oxidase assay (XXO) with an ICs, value of

473.8+£13.4 uM, as shown in Table 23.
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5.3 Bioactive compounds from termite-associated fungus ISFB10
From this work, compounds 9 and 10 were isolated from a broth crude extract.

Structure elucidation and the comparison with previous work 7 118 119

, it was found
that compounds 9 and 10 were roridin A and verrucarin A, respectively. The isolated
compounds were evaluated for biological activities. It was found that compounds 9
exhibited strong cytotoxic activities toward HUCCA-1, A549, MOLT-3 and HepG2
with 1Csp values of 0.016+0.0007, 0.0055+0.0001, 0.005+0.0003 and 0.024+0.002
MM, respectively. Compounds 10 also exhibited strong cytotoxic activities toward
HUCCA-1, A549, MOLT-3 and HepG2 cancer cell lines with ICs, values of

0.014+0.0005, 0.0047+0.0005, 0.008+0.0002 and 0.019+0.001puM, respectively.

These two compounds were also evaluated their cytotoxicity toward normal
cell lines, MRC-5. Unfortunately, compounds 9 and 10 were also exhibited strong
cytotoxic activity toward MRC-5 with ICsp values of 0.038+0.006 and 0.012+0.0004,
respectively. Compounds 9 and 10 were macrocyclic trichothecene mycotoxins, and
previous reports revealed that they can cause many serious problems to human and

animals 117, 118, 119.
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Appendix

Part A: Effects of VPA on biosynthesis of fatty acid and polyketides

Physiochemical properties of (R)-(—)-Mevalonolactone (1) isolated from the marine

fungus Trichoderma reesei

&

o O

Compound 1 was obtained as yellow liquid (11.7 mg).

ESI-TOF MS: calcd. for C¢H1,03, m/z 131.0708 (M+H)*, found 131.0713.
UV (MeOH) Amax (log €): 203.50 (2.67) nm.

IR (UATR) Vimax: 3425, 2970, 2925, 2150, 1704, 1542, 1473, 1402, 1341,
1305, 1264, 1239, 1159, 1129, 1070, 1024, 987, 970, 935,
906, 882, 829, 805, 760, 723, 662, 675 cm™.
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Physiochemical properties of the isolated compounds from the endophytic fungus
Dothideomycete sp.

Compound 2 was obtained as brown-red solid (17 mg).

ESI-TOF MS: calcd. for C1,H1,05Na, m/z 259.0582 (M+Na)*, found 259.0577.
UV (MeOH) Amax (log €): 378.50 (3.73), 255.50 (3.52), 203.50 (3.38) nm.

IR (UATR) Vimax: 3474, 3379, 3102, 2924, 2850, 2148, 1734, 1680, 1623,
1605, 1541, 1473, 1434, 1413, 1390, 1351, 1322,
1287,1260, 1236, 1216, 1198, 1173, 1148, 1128, 1095,
1070, 1044, 1008, 973, 931, 880, 852, 808, 759, 734 cm™.
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Compound 3 was obtained as yellow amorphous semi-solid (7.1 mg).

ESI-TOF MS: calcd. for C13H1506Na, m/z 291.0845 (M+Na)*, found 291.0838.

UV (MeOH) Anax (log €):

IR (UATR) Vimax

Optical rotation:
Optical rotation:

CD:

299.5 (3.76), 259.5 (4.03), 217.0 (4.36) nm.

3749, 3460, 3100, 2946, 1751, 1611, 1457, 1395, 1317,
1219, 1145, 1100, 1039, 994, 921, 899, 836, 720, 689 cm"
1

[a]?"!5 -31.6 (0.22, CH3CN)
[a]?"!p -38.1 (0.22, CHClIs)

(0.00123 mM, CH3CN) Amax (Ag) 304 (-2.6), 249 (-2.6),
222 (-2.4) nm

Compound 4 was obtained as yellow amorphous semi-solid (12.8 mg).

ESI-TOF MS: calcd. for C13H1506Na, m/z 291.0845 (M+Na)*, found 291.0839.

UV (MeOH) Anax (log €):

IR (UATR) Vimax

Optical rotation:
Optical rotation:

CD:

298.5 (4.07), 259.0 (4.34), 216.0 (4.65) nm.

3749, 3394, 2941, 1717, 1615, 1457, 1369, 1315, 1236,
1217, 1148, 1088, 1055, 924, 837, 796, 736, 689 cm™.

[0]?"?p +13.9 (0.25, CH5CN)
[a]*"!5 +38.9 (0.25, CHCI3)

(0.00139 MM, CHsCN) Amax (Ag) 304 (-2.2), 289 (-2.2),
265 (-2.5), 206 (-1.5) nm.
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Compound 5 was obtained as yellow amorphous semi-solid (4.8 mg).
ESI-TOF MS: calcd. for C11H150sNa, m/z 251.0895 (M+Na)*, found 251.0883.

UV (MeOH) Amax (log €):  223.0 (3.75) nm.

IR (UATR) Viax: 3396, 3121, 2963, 2932, 1758, 1737, 1642, 1456, 1377,
1275, 1254, 1218, 1140, 1063, 1033, 947, 871 cm™.

Optical rotation: [a]?"?5 -22.8 (0.49, CH3CN)

Optical rotation: [a]?"!5 -20.7 (0.49, CHCI5)

CD: (0.00128 mM, CH3CN) Amax (Ag) 248 (-3.7), 226 (-2.1)

nm.
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Compound 6 was obtained as yellow amorphous semi-solid (5.7 mg).
ESI-TOF MS: calcd. for C14H1505Na, m/z 289.1052 (M+Na)*, found 289.1020.
UV (MeOH) Amax (log €): 299.0 (3.32), 260.5 (3.50), 221.0 (3.81) nm.

IR (UATR) Vinax: 3419, 2936, 2873, 1726, 1600, 1501, 1458, 1437, 1374,
1355, 1318, 1250, 1217, 1184, 1146, 1054, 1007, 942,
894, 847, 822, 720 cm™.

Optical rotation: [a]*"“5-9.0 (0.14, CH3CN)

Optical rotation: [a]*°5 -18.0 (0.14, CHCl5)

CD: (0.00105 MM, CH5CN) Amax (Ag) 294 (-2.4), 235 (-2.3)
nm.

Table A1 Composition of potato dextrose (PDB) culture medium

Ingredients Amount
Potatoes 200 g
Dextrose 209

Deionized water 1000 ml
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Table A2 Composition of yeast malt (YM) culture medium

Ingredients Amount
Yeast extract 39
Malt extract 39
Peptone 50
Glucose 10g

Deionized water 1000 ml

Table A3 Composition of MRS culture medium

Ingredients Amount
Proteose Peptone No.3 10 g
Beef extract 10g
Yeast extract 59
Dextrose 209
Polysorbate 80 1g
Ammonium Citrate 290
Sodium Acetate 59
Magnesium Sulfate 0.1g
Manganese Sulfate 0.05¢g
Dipotassium Phosphate 290
Deionized water 1000 ml
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Table A4 Composition of nutrient (NA) culture medium

Ingredients Amount
Peptone 5
Beef extract 3

Deionized water 1000 mi

Table A5 Composition of nutrient Glucose Yeast Peptone broth (GYP) culture medium

Ingredients Amount
Glucose 25
Yeast extract 3
Peptone 5

Deionized water 1000 ml
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Table A6 Weight of dried cells and hexane extracts of fungi

Condition Dried weight (g) | Crude hexane extract (mg)
Fusarium oxysporum control 7.33 14.40
Fusarium oxysporum 100 uM 3.86 3.16
valproic acid
Aspergillus aculeatus control 7.61 19.03
Aspergillus aculeatus 100 uM 7.40 19.43
valproic acid
Xylaria globosa control 3.66 41.70
Xylaria globosa 100 uM 3.39 34.63
valproic acid
Cordyceps militaris control 3.88 140.60
Cordyceps militaris 100 uM 3.46 86.26
valproic acid
Aureobasidium pullulans control 3.79 49.76
Aureobasidium pullulans 100 3.56 47.56
uM valproic acid
Phialemonium sp. control 3.77 31.46
Phialemonium sp. 100 uM 3.10 18.33
valproic acid
Cladosporium sp. control 6.67 46.60
Cladosporium sp. 100 uM 8.27 18.36
valproic acid
Penicillium shearii control 3.25 46.43
Penicillium shearii 100 uM 3.57 49.40
valproic acid
Aspergillus flavipes control 5.98 62.76
Aspergillus flavipes 100 uM 431 15.96

valproic acid
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Table A7 Weight of dried cells and hexane extracts of yeast

Condition Dried weight (g) | Crude hexane extract (mg)
Saccharomyces cerevisiae control 2.60 8.56
Saccharomyces cerevisiae 100 2.79 10..0
uM valproic acid
Candida utilis control 2.77 3.23
Candida utilis 100 uM valproic 2.66 2.90
acid
Lachancea thermotolerans control 2.73 11.53
Lachancea thermotolerans 100 2.77 10.30
uM valproic acid
Candida butyri control 2.04 1.43
Candida butyri 100 uM valproic 1.88 2.13
acid
Candida catenulata control 2.27 2.46
Candida catenulate 100 uM 2.37 1.36
valproic acid
Saccharomyces ludwigii control 2.13 2.10
Saccharomyces ludwigii 100 uM 2.29 4.86
valproic acid
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Table A8 Weight of dried cells and hexane extracts of bacteria

Condition Dried weight (g) | Crude hexane extract (mQg)
Pediococcus acidilactici control 112.36 758.0
Pediococcus acidilactici 100 144.0 759.8
uM valproic acid
Bacillus amyloliquefaciens 39.93 293.0
control
Bacillus amyloliquefaciens 100 33.16 270.0
UM valproic acid
Acetobacter cerevisiae control 79.16 668.7
Acetobacter cerevisiae 100 uM 57.93 520.0

valproic acid
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Figure A1 *H NMR spectrum (400 MHz, in acetone-ds) of compound 1
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Figure A2 3C NMR spectrum (400 MHz, in acetone-ds) of compound 1
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Figure A3 DEPT 135 (top) and DEPT 90 (bottom) NMR spectrum (400 MHz, in

acetone-dg) of compound 1
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Figure A5 HMBC NMR spectrum (400 MHz, in acetone-dg) of compound 1
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Figure A6 *H-"H COSY NMR spectrum (400 MHz, in acetone-dg) of compound 1
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Figure A7 NOESY NMR spectrum (400 MHz, in acetone-ds) of compound 1
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Figure A8 MS spectrum of compound 1
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Figure A9 UV spectrum of compound 1
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Figure A11 *H NMR spectrum (400 MHz, in CDCls) of compound 2
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Figure A13 DEPT 135 (middle) and DEPT 90 (top) NMR spectrum (400 MHz, in
CDCI3) of compound 2
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Figure A14 HSQC NMR spectrum (400 MHz, in CDCI3) of compound 2
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Figure A15 HMBC NMR spectrum (400 MHz, in CDCI3) of compound 2
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Figure A17 NOESY NMR spectrum (400 MHz, in CDCl3) of compound 2
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Figure A19 UV spectrum of compound 2
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Figure A21 *H NMR spectrum (400 MHz, in CDCl5) of compound 3
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Figure A22 "*C NMR spectrum (400 MHz, in CDCls) of compound 3
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Figure A23 DEPT 135 NMR spectrum (400 MHz, in CDCl3) of compound 3
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Figure A24 DEPT 90 NMR spectrum (400 MHz, in CDCl3) of compound 3
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Figure A25 HSQC NMR spectrum (400 MHz, in CDCI3) of compound 3
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Figure A26 HMBC NMR spectrum (400 MHz, in CDCI3) of compound 3
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Figure A27 *H-'H COSY NMR spectrum (400 MHz, in CDCls) of compound 3
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Figure A28 NOESY NMR spectrum (400 MHz, in CDCl3) of compound 3
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Figure A29 MS spectrum (400 MHz, in CDCI3) of compound 3
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Figure A31 IR spectrum (400 MHz, in CDCl3) of compound 3
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Figure A33 **C NMR spectrum (400 MHz, in CDCl3) of compound 4
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Figure A35 DEPT 90 spectrum (400 MHz, in CDCl3) of compound 4
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Figure A36 HSQC NMR spectrum (400 MHz, in CDCI3) of compound 4
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Figure A37 HMBC NMR spectrum (400 MHz, in CDCI3) of compound 4
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Figure A39 NOESY NMR spectrum (400
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MHz, in CDCl3) of compound 4
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Figure A40 MS spectrum of compound 4
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Figure A41 UV spectrum of compound 4
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Figure A42 IR spectrum of compound 4
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Figure A43 *H NMR spectrum (400 MHz, in CDCls) of compound 5
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Figure A44 *C NMR spectrum (400 MHz, in CDClIs) of compound 5
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Figure A45 DEPT 135 NMR spectrum (400 MHz, in CDCl3) of compound 5
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Figure A46 DEPT 90 NMR spectrum (400 MHz, in CDCI3) of compound 5
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Figure A47 HSQC NMR spectrum (400 MHz, in CDCIs) of compound 5
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Figure A48 HMBC NMR spectrum (400 MHz, in CDCI3) of compound 5
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Figure A49 *H-'H COSY NMR spectrum (400 MHz, in CDCls) of compound 5
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Figure A51 MS spectrum of compound 5
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Figure A52 UV spectrum of compound 5
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Figure A53 IR spectrum of compound 5
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Figure A54 'H NMR spectrum (400 MHz, in CDCls) of compound 6
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Figure A55 **C NMR spectrum (400 MHz, in CDCls) of compound 6
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Figure A56 DEPT 135 NMR spectrum (400 MHz, in CDCls) of compound 6
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Figure A57 DEPT 90 spectrum (400 MHz, in CDCl3) of compound 6
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Figure A58 HSQC NMR spectrum (400 MHz, in CDCl3) of compound 6
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Figure A59 HMBC NMR spectrum (400 MHz, in CDCI3) of compound 6
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Figure A60 'H-'H COSY NMR spectrum (400 MHz, in CDCl3) of compound 6
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Figure A61 NOESY NMR spectrum (400 MHz, in CDCl3) of compound 6
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Figure A63 UV spectrum of compound 6
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Figure A64 IR spectrum of compound 6
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Part B: Bioactive compounds from Feroniella lucida (Scheff.) Swingle

Physicochemical properties of compounds isolated from Feroniella lucida (Scheff.)

Swingle

Compound 7 was obtained as yellow solid (5.4 mg)

ESI-TOF MS: calcd. for C1;H1gNO, m/z 180.1388 (M+H)", found 180.1367.
UV (MeOH) Amax (log €): 267.0 (1.44), 202.5 (2.09) nm.

IR (UATR) Vmax: 3365, 2955, 2924, 2853, 1633, 1473, 1454, 1397, 1337,
1218, 1126, 1083, 1035, 1008, 956, 1054, 879, 866 cm™.

Compound 8 was obtained as yellow solid (91.2 mg)

ESI-TOF MS: calcd. for C11H1oNO,, m/z 196.1388 (M+H)", found 196.1332.
UV (MeOH) Amax (log €): 276.5 (1.12), 225.5 (1.83) nm.

IR (UATR) Vimax: 3222, 3023, 2805, 2154, 1924, 1614, 1597, 1516, 1451,
1262, 1228, 1172, 1134, 1104, 1074, 1035, 914, 837, 789

cm™,
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Figure B1 *H NMR spectrum (400 MHz, in acetone-ds) of compound 7
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Figure B2 **C NMR spectrum (400 MHz, in acetone-ds) of compound 7
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Figure B3 HSQC NMR spectrum (400 MHz, in acetone-dg) of compound 7
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Figure B4 HMBC NMR spectrum (400 MHz, in acetone-ds) of compound 7
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Figure B5 *H-'H COSY NMR spectrum (400 MHz, in acetone-dg) of compound 7
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Figure B6 NOESY NMR spectrum (400 MHz, in acetone-dg) of compound 7
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Figure B7 MS spectrum of compound 7
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Figure B9 IR spectrum of compound 7
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Figure B10 *H NMR spectrum (400 MHz, in acetone-ds) of compound 8
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Figure B11 **C NMR spectrum (400 MHz, in acetone-dg) of compound 8
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Figure B12 DEPT 135 NMR spectrum (400 MHz, in acetone-dg) of compound 8
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Figure B13 DEPT 90 NMR spectrum (400 MHz, in acetone-dg) of compound 8
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Figure B15 HMBC NMR spectrum (400 MHz, in acetone-dg) of compound 8
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Figure B16 *H-"H COSY NMR spectrum (400 MHz, in acetone-ds) of compound 8
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Figure B17 NOESY NMR spectrum (400 MHz, in acetone-dg) of compound 8
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Figure B18 MS spectrum of compound 8
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Figure B19 UV spectrum of compound 8
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Part C: Bioactive compounds from termite-associated fungus ISFB10

Physicochemical properties of compounds isolated from termite-associated fungus
ISFB10

|II
I

H3C

7
LO\/

Compound 9 was obtained as yellow solid (150 mg)

ESI-TOF MS: calcd. for Ca9H4009Na, m/z 555.2570 (M+Na)*, found 555.2562.
UV (MeOH) Amax (log €): 262 (3.83) nm.

IR (UATR) Vimax: 3437, 2963, 2925, 2855, 1732, 1712, 1638, 1598, 1417,
1223, 1171, 1122, 1082, 1036, 1009, 967, 814, 733 cm™.
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CH;

Compound 10 was obtained as yellow solid (30 mg)

ESI-TOF MS: calcd. for Cy7H3,09Na, m/z 525.2101 (M+Na)*, found 525.2086.
UV (MeOH) Amax (log €): 259 (4.17) nm.

IR (UATR) Vimax: 3482, 2967, 1712, 1634, 1435, 1411, 1383, 1267, 1208,
1186, 1125, 1082, 1029, 996, 879, 820, 734, 701 cm™.

Figure C1 *H NMR spectrum (400 MHz, in acetone-dg) of compound 9
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Figure C2 **C NMR spectrum (400 MHz, in acetone-dg) of compound 9
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Figure C3 DEPT 135 (middle) and DEPT 90 (top) NMR spectrum (400 MHz, in
acetone-dg) of compound 9
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Figure C4 HSQC NMR spectrum (400 MHz, in acetone-dg) of compound 9
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Figure C6 'H-'H COSY NMR spectrum (400 MHz, in acetone-ds) of compound 9
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Figure C7 NOESY NMR spectrum (400 MHz, in acetone-ds) of compound 9
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Figure C8 MS spectrum of compound 9
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Figure C10 IR spectrum of compound 9
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Figure C11 *H NMR spectrum (400 MHz, in acetone-ds) of compound 10
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Figure C12 **C NMR spectrum (400 MHz, in acetone-ds) of compound 10
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Figure C13 DEPT 135 (middle) and DEPT 90 (top) NMR spectrum (400 MHz, in
acetone-dg) of compound 10
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Figure C14 HSQC NMR spectrum (400 MHz, in acetone-ds) of compound 10
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Figure C15 HMBC NMR spectrum (400 MHz, in acetone-ds) of compound 10
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Figure C16 *H-'H COSY NMR spectrum (400 MHz, in acetone-ds) of compound 10
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Figure C17 NOESY NMR spectrum (400 MHz, in acetone-ds) of compound 10
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Figure C18 MS spectrum of compound 10
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Figure C20 IR spectrum of compound 10
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