University of

Strathclyde

Science

IMPLEMENTING METABOLOMICS TOOLS IN THE
SEARCH OF ANTIOXIDANT AND ANTICANCER
AGENTS FOR BREAST CANCER FROM EUROPEAN
AND JORDANIAN CHAMOMILE AND ITS
ASSOCIATED ENDOPHYTES

BY
DANA ADNAN MOH’D ATOUM
B.Sc., M.Sc.
Strathclyde Institute of Pharmacy
and Biomedical Sciences (SIPBS), Glasgow, UK

A thesis submitted to The University of Strathclyde in fulfilment of the

requirements for the degree of Doctor of Philosophy

May 2022

l1|Page



Declaration

This thesis is the result of the author’s original research. It composed by the author and
has not been previously submitted for examination which has led to award of the

degree.

The copyright of the thesis belongs to the author under the terms of the United
Kingdom Copyright Acts as qualified by the University of Strathclyde regulation 3.50.
Due acknowledgment must always be made of the use of any material contained in or
derived from this thesis.

Signed:

Date:

2|Page



Acknowledgements
First and foremost, |1 would like to express my gratitude Allah for giving me the
strength to accomplish this study and blessing me throughout my whole life. I would

not be who I am without his blessings, care, and direction.

I would like to express my deepest gratitude to my supervisor, Dr RuAngelie Edrada-
Ebel, for allowing me to be one of her students and for her extensive knowledge,
patience, and encouragement. | owe her much for my skills as a researcher. Her
encouragement, counsel, assistance, and direction were priceless. She is the best
supervisor | could ever have! | would also want to thank my second supervisor, Mrs
Louise Young, for her assistance with tissue culture and cytotoxicity tests. | would like
also to pay my regards to Dr Rothwelle Tate for his help in PCR and ITS gene
sequencing, Mr Craig Irving and Dr John Parkinson for allowing me to use their NMR

facility in the Chemistry

Moreover, | am extremely grateful for the Hashemite University (HU) for generously

funding my Ph.D.

I thank my fellow labmates in the Natural Products Metabolomics Group: Dr Ignacio,
Dr Saif, Katarina, Kirsty and Elizabeth for their friendship and help. I wouldn’t have

enjoyed my last three years if you weren’t there!

A very special gratitude goes out to my friends in Glasgow: Dr Rana, Suzan, Haya,

Fatema, Rana T and Wasan for their precious loves and supports at any time.

And last but not least, | dedicate my heartfelt thanks to my beloved husband, Mustafa,
who supports me all the time. | am also very blessed to have Dina and Ayla (my
precious daughters) in my life. | would like to express my full gratitude and love for
my amazing parents for their contributions throughout my whole life. Without them,
my life achievements would be much harder to attain. God bless them and keep them
healthy for the rest of their lives. In addition, I'd like to express my gratitude to my
father-in-law Dr Haider (may his soul rest in peace), my mother-in-law Dina, my
brothers Yazan, Mohammad, Ezzeddine, and my in-laws Areen, Mohammad, and

Makram for their endless love, support, and prayers.

3|Page



Publications and Poster Presentations

Murshid SSA, Atoum D, Abou-Hussein DR, Abdallah HM, Hareeri RH, Almukadi
H, Edrada-Ebel R. (2022) Genus Salsola: Chemistry, Biological Activities and Future
Prospective-A Review. Plants (Basel). Mar 8;11(6):714. doi:
10.3390/plants11060714. PMID: 35336596; PMCID: PMC8953912.

Atoum D., Young L., Edrada-Ebel R., and Fernandez-Pastor I. “Use of multivariable
data analysis in unravelling the metabolic differences between two varieties of
Chamomile (Matricaria chamomilla)”. Poster presentation

5th Scottish Metabolomics Network Symposium. Nov 2019. Glasgow, UK.

16th Annual Conference of the Metabolomics Society. 27th -29th Oct 2020 Online

Il Bio.Natural-Bioactive Natural Products Research. 18th-19th Nov 2021 Online

4|Page



Table of Contents

DECIATATION ... bbbt 2
ACKNOWIEAGEMENTS ... 3
Publications and Poster Presentations............cccoveiereienininieeieiee e 4
TabIE OF CONTENTS .....eiiiieie ettt e e sne e 5
LISt OF TaDIES.....eeeeiee e e e 16
LISt OF FIGUIES ..ottt ettt et sreeneenes 19
ADDIEVIALIONS ...t bbbt 32
ADSTIFACT .. et 35
R 111 oo [8Tox o] ST URRP 37
I B T 0 To o [ o0 LT Y AU SSPSS 37
1.2.  Introduction to natural Products ............coceriiiieninieice e 38
1.3.  Natural products from plants in drug diSCOVEIY ..........ccceeiriniiiiniinierienenns 40
1.4.  The role of endophytes in the production of secondary metabolites........... 42
1.5.  Plant-endophyte INtEraCtionS ..........ccccoeereriiinenieieereee e 44
1.6. Plant-endophyte interactions uses and benefits...........ccccovevevieieccicseenen, 45
1.7. Obstacles to work with plant-associated endophytes..........c.cccccecveiveieenenn, 46
1.8. Matricaria chamomilla, Chamaemelum nobile. Asteraceae............c.c....... 47
1.8. 1. BOANY ittt 47
1.8.2.  Chemical COMPOSITION.......cciviiiiiierieitcrieseeeee e 47
1.8.3.  Medicinal uses and application ............ccocovoriiieiine i, 49

1.9.  Metabolomics approach ..o 50
1.9.1. Introduction to MetaboloMICS .........cccvvveiieice e 50
1.9.2. Tools of spectral analysis..........c.cccveviiieieeii i, 54
1.9.3. MS ANAIYSIS...c.uiiiiiiiciecie sttt 55
1.9.4. NIMR SPECIIOSCOPY ...vvvveiuirieirieresiieeesiieeessieesssbeesssseesssseessssessnsseesssneesseessnes 56
1.9.5. Chemometrics and multivariate analysis ...........cccccceeveeiieereiiie i e, 57
1.9.6. Applications of metabolomics in natural products research..................... 61
1.10.  Hypothesis and aims Of the STUAY ...........ccoceririiiiiiie e 62

2. Materials and MethOdS.........ccoiieii i 66
2.1. Jordanian and European chamomile plant extraction..............cc.ccoevvvrnennen. 66
2.1.1.  Materials and eqUIPMENT.......cccoiiiiiiieie e 66

5|Page



Table 2. 1: Materials and equipment used in the experiments.............cccccvennee. 66

Materials and eQUIPMENT ........c.oiiiiice e 66
PUTIOSE. ..ttt ettt ettt e s e bt e e bt e e sb b e e bt e e e bt e e e bt e e e bb e e abn e e e nbe e e anes 66
(O L g oL I o] F- Lot USSR 66
MAGNELIC IMIXET ...evvevieiecee ettt et e e e e e e reeneesneeee e 66
multi-purpose mixing or solubilisation either during plant extraction or sample

PIEPAIALION ...ttt bbbttt b bbbt 66
U ] (0] (<L 66
WOEX GBNIE 2.ttt ettt sttt be e sbe et e st e sneenaeeneennes 66
Scientific Industries Inc, LoNdon, UK ........cccooiiiiiiiiiiiiiee e 66
HPLC-grade acetonitrile (ACN) .......cocvoieiieieee et 66
plant extraction, plant partionting, LC-HRMS and MPLC ............c..cccoveiveenee, 66
Sigma-Aldrich, Poznan, Poland............ccceeviiiiiiiiiiic e 66
FOMMIC ACHU ...ttt 66
HPLC-grade dichloromethane (DCM), ......coooiiiiiiiiniiieeeee e, 66
[ (0= =TSR 66
YN od=] (0] =TS 66
1110 L USSR 67
(HPLC) grade ETOAC.........oieiiiieiieieieee ettt 67
Analytical-grade aCIONE ..........ccveveiieiece e 67
VWR, Fontenay-sous-Bois Cede, France..........ccccovvevevieieevicceece e 67
Rotary evaporator R-110 ........ccccoiiieiiiiiiiiieciie e 67
sample concentrated and dried UNder VaCUUM ...........ccccovevieeiieieesieese e 67
BUchi, Flawil, SWItZErland............ooouveiiiiiiiii e 67
Heating Block SBH130D/3 and sample concentrator SBHCONC/1 ................. 67
Concentrated extracts were reconstituted in EtOAc and dried under nitrogen... 67
U ] (0] (<L 67
UIra-Wave SONICALON .........eeieieieiie sttt 67
enhance SOIUDTHISALION..........cooiiiiiiiieee e 67
Scientific Laboratory Supplies, Nottingham, UK.............ccccccovveiiiiieiiecicenee, 67
Direct-Q® water purification SYSteM.........ccoveiiiiiiiiiieie e 67
ultrapure water for solvent and media preparation ...........ccceceveerereneneeienriennen, 67
Merck Millipore, MassaChusetts, USA.........cceoviriierece e 67
Accela HPLC coupled to an Exactive mass SPeCtrometer..........c.covvvveveeeenn. 67

6|Page



to run extracts fractions and SAMPIES.........ccveverieeii i 67

Thermo Scientific, GEMMANY........ccceiiiieieee e 67
XCAHIDUF 2.2 ..t 67
MaSS data PrOCESSING ....vvevveiveeireeieeee st eie st e steeste e sre et e reesbe e e sreesre e e s reenee e 67
Thermo Scientific, Heidelberg, Germany..........ccccocveveieeiveic e 67
PrOtEOWIZAIT ...ttt ettt re e 67
data splitting to separate the data between the negative and positive ionisation

1 USRS 67
U S A ettt e e e e e e ares 67
MZIMINE 2.53 ..ttt ee e 68
MASS At PrOCESSING.....uveiveeiierieiieeieeiesteeste et e ste et e s et e e e raeste e e e sreesreeneesreese e 68
http://IMzmine.github.io/ ..o 68
An in-house excel sheet called Macro which coupled with Dictionary of Natural
Products (DNP version 2021) database ...........ccceveieeieerieciesecce e, 68
Plant data DASE .......oveieiiie s 68
CRC Press, Boca Raton, USA (Pluskal et al., 2010)........ccccccevvveveiieieeieeienen, 68
Deteriorated dimethyl sulfoxide (DMSO-¢) ........ccoovreririirienineneseseeeeeeen, 68
diSSOIVE NMR SAMPIES ... 68
Sigma-Aldrich, Poznan, Poland...........cccccuerviiniiniiiieiiese e 68
Deuterium Water (D20)......cueiiiiiiiiiiieeiee et 68
NIMR TUDES ..t 68
tubes for the samples to run on NMR instrument.............cccoeceveeieeiecicseeene 68
NOFell, NEW YOrK, USA ...t 68
400 MHz Jeol-LA400 FT-NMR spectrometer system equipped with a
A0THSAT/FG PrOD oo 68
mMeasuring NMR SAMPIES.........c.oovii e, 68
Bruker, Rheinstetten, GEIrManY ..........ccooveeereeieiie e 68
An AVANCE-III 600 instrument with a 14.1 T Bruker UltraShield magnet from
the Department of Pure and Applied Chemistry..........cccoceieieniiniininiieeen 68

It has a 24 position autosampler, 3 channel console, is DQD and Waveform-
equipped and can use either a BBO-z-ATMA-[*'P-183W/*H] probe or a TBI-z-

[PH, 13C, BP-15N] PrODE. oot 68
MestReNova 14.2 developed Mestrelab Research ..........c.cccoecvvvviiiviviiciiennnn, 69
Processing NIMR SPECIIA........ccueiieieiie it 69
Santiago de Compostela, SPaIN .......cccccveiieiii i 69

7|Page



I O ] - USSR 69

TLC silica gel 60 F254 PIAES........ccccvviieiieiisie e 69
Merck, Darmstadt, GEIMANY .........cccovveieiieieeie et 69
Human Caucasian Breast Carcinoma (ZR-75) .......cccccecveveiieeieiie e, 69
TESTEA CEIL TINE .o 69
ATCC, US. .ottt ne e 69
Normal human foreskin fibroblast (HS-27) cell 1ines .........ccccovviiiiiiieiinnnne, 69
RPMI LB40......ceeeecieecee ettt e e e e e et e e e nnaeeennnas 69
media for the tested CelIS ..o 69
INVITFOGEN, USA ... oottt ettt re e 69
Foetal bovine SErum (FBS), ...ccviiiiiiiieie e 69
MEdia COMPONENTES .....vieieiireie ettt se ettt ste e e s e re e e e reeee e 69
Glutamine and penicillin/streptomycin Solution............cccccevveiievi e, 69
INVIEFOGEN, UK ..ot nrees 69
TIYLOX X-L00 1 69
NEJALIVE CONTIOL......iuiiiiiieice e 69
SIGMA, US et nne s 69
TIYPLE EXPIESS ...ttt ettt sttt e e anbee e 69
Cell dEtaChMENT ......iiviiecee s 69
GIBCO, UK ..ottt sttt enanns 69
AlamarBIue BUFOL2B ..ot e 69
measuring cytotoxicity for pure compounds and selected fractions and extracts

............................................................................................................................ 69
[T = o R 1 69
DIMSO 8SSAY GIAUE .....eviiieiieieie sttt bbb 69
bioassay samples SOlUDIIISAtION ..........ccoiiiiiiiiii e, 69
FISher SCIENTITIC, US ... 69
NiInety SIX-WEIl PIALES ........cceeieeieiie e 69
DIOBSSAY ... ettt ettt et e e e e e r e neenae e 69
TRP, Switzerland and Greiner bio-0Nne, AUSEIIA........ccoerererenieneneeeeeeeeeen 69
FalCON TUDES ...ttt e 70
FOr CENIITUQE PUIPOSE .....veeiieeieie ettt 70
COMNING, IMEXICO ...cvvveveeeeiesie ettt a et e e e sreeaesneesrae e eneenreas 70
NaPCO 5410 INCUDALON .......eeuiiiiiiitiiiese e 70

8|Page



was humidified, kept at 37°C in the presence 0f 5% CO2....ccccccvvvvevviceerivenenne 70

NAPCO, US .. e 70
SterilGard biological safety cabinet............ccccoeiveiiiiiiec e, 70
Sterile cabinet for biological WOrK...........cccccviiiiieiiiccee e 70
The Baker Company, US ..o 70
The IEC Medispin CENEHTUGE .......oviieieiieee e 70
CENErITUGING SAMPIES ... 70
Thermo Scientific, GEIMANY.........ccccciieiii e 70
Bright-Line hemOCYIOMETEr ........ccoiiiiiiiieee e 70
CEIl COUNTING ..vti ettt ae e nreas 70
REICNEIT, US ... 70
WaALEE DALN ... 70
sample heating for dissolVING PUIPOSE........ccecvveiieiiee e 70
(O T (0] 2 1R U 1 R 70
IVHICTOSCOPE. ...tttk b bbbt b bbbt 70
ODSEIVING CEIIS ... 70
Olympus OpPtiCal, JAPAN ..o 70
WaALAC VICION 2.ttt 70
MEASUriNG fIUOMESCENCE. ......cviieecece e 70
PerkiNEIMEr, UK ......oiiiiii e 70
MiCrOSOTt EXCEI 2016......cueeuieiiieiieiiesiieeee e 70
0 Lol g - SRR 70
o] (00 1 SR 70
PIISIM 6.0 .ttt ettt neene e 70
PIOLEING AHULION CUIVES ... 70
GraphPad SOTtWAre, US .........ooiiieeccsiee e 70
Hidex Sense Multilabel Plate Reader ...........ccocoviiiiiiiiiniiieee e, 70
0] L =T o =] RSSO SUR PP 70
Thermo Scientific, GEMMANY.........cccoiiiiiicce e 70
2,2-diphenyl-1-picrylhydrazyl (DPPH) .........cccooiiiiiiiieece e 70
ANTIOXTAANT ASSAY ...+ttt bbbttt 70
Sigma-Aldrich, Poznan, Poland............cccoveiiiiiiiiiiiiecese e 70
ol o] [ 1o [ USSR 70
pOSitive CONtrol iN DPPH @SSAY ......cvviiiiiiiieiiesicsiesieeeeee e 70

9|Page



(@0 1= (ot ] PO OSSO PPRPR 70

2.1.2. Plant COHBCTION ....cviiiieii e 71
2.1.3. Plant @XIraCION ......oveiveiiiiiiiesiieieie e 71
2.1.4. SoIVENt PartitioNING........ccveivereiieie e 71
2.1.5. Preparation of the samples for analysis and biological assay................... 72
2.1.6. Medium pressure liquid chromatography (MPLC) .......cccoocvviiiiiiciinnnen, 77
2.1.7.  Thin layer chromatography (TLC)......cccovoiriiiiiniiie e 77
2.1.8.  Sample Preparation ..........ccooeeeieieneniiineseeee e 78

2.2. Isolation and identification of endophytes from Jordanian chamomile ...... 79

2.2.1. Materials and eqUIPMENT ........c.ccveiieiiiie e 79
Table 2. 6: Materials and equipment used in the experiments.............cccccvevnee. 80
Materials and eqQUIPMENT ..........coviiiiie e e 80
00 L 0L 1P TPR PP 80
OFIGIN PLACE ...ttt 80
Malt EXEFACT POWE ...t 80
inoculation of the endophytic fUNQGI .........coveiiiiiii e, 80
Ox0id, ManCheSter, UK .........oo ittt 80
N UL =T L Vo - SRS 80
ChlorampheniCol...........cooiiie e 80
INTETAL INOCUIALION ... e 80
Acros Organics, Geel, BElgiUm .........ccciiiiiieiiiiceeeee e 80
HPLC grade iSOPropanol ............coeieiiiiniiieie s 80
mixed with 30% water for SteriliSation............cccceeveeiriiere i 80
Sigma-Aldrich, Pozna, Poland.............ccoveiiiniiee e 80
SAGrOtAN® SPIAY ...c.veeueiiiieieeie et 80
ISINTECTANT.......ee ettt re e neenneas 80
Sagrotan, HeidelDerqg .......ccveveiie e 80
0L I =] =T PSPPSR PP 80
MEASUNING PH ..ot et reenae e 80
Jenway, Staffordshire, UK ...........cccooiiiiiiece e 80
NN 1 o ST SUSPSP 80
adjusting PH OF MEAIA.........ooiiiiiiii e 80
Sigma-Aldrich POzna, POIaNG..........cccooveiieiiiie e 80
1o ] o= (o USRS 80

10|Page



inoculating medium was incubated at 27°C..........ccccoveieieiieene e 80

Vindon Scientific, Oldham Lancashire, UK...........ccoccoiiiiinninniineeeen 80
IMA INEAIA ..ttt bbbt 80
initially grow the FUNGI ......ccceeiveiiic e 80
Thermo Scientific, Massachusetts, USA ..o 80
Internal transcribed spacer (ITS) regions between the 16s and 23s rRNA genes

OF ENAOPNYLES ...t 80
1AENTITY FUNGI.....eoiie e 80
electrophoresis gel plates comprising UltraPureTM TBE buffer 10X ............... 80
ITS ENE SEQUENCING ....eevveeiieiieieeiie st stee sttt sttt et esbeebesneenreas 80
Life technologies, Cramlington, UK, ...........cccoiiiiiieii i 80
ethidium bromide 10Mg/ML ........ccocoiiiiiieee e 80
Sigma-Aldrich, Continental, USA .........ccooii i 80
Agarose-Molecular Grade.............oceiveiiiieiiece e e 81
Camarillo, BIOlINE, US.........oooiiiiiii et 81
Water-Molecular Biology reagent, REDEXxtract-N-AmpTM PCR ReadyMixTM,
Extraction and DilUtion SOIULION..........ccoviieiieie e 81
Sigma-Aldrich, St. LOUIS, USA. ..ot 81
Primers ITSL and ITS4 ... 81
ITS1-(5-TCC-GTA-GGT-GAA-CCT-GCG-G-3") oeverieiiieriiniecieseeeeienieens 81
ITS4-(5-TCC-TCC-GCT-TAT-TGA-TAT-GC-3") WEr€....cceoverrreiereierieianens 81
Integrated DNA Technologies, Coralville, lowa, USA ...........cccoveveivecicienn, 81
the HyperLadder Il and sample loading buffer...........c.cccoveiiiecicicc e 81
Bioling, Camarillo, USA.......cc.ooiiiieiicieiee e 81
The Primus 96 Thermal CYCIer ..o 81
for DNA extraction and amplification ............c.coovviiiiinencnes e 81
EDersberg, GErmany ... 81
the Perkin Elmer DNA Thermal Cycler 480 Manual .............ccocoociiiiiiiicnenn. 81
MWG AG BIOLECN ......eeviciiiiiieice e 81
Electrophoresis PIAtES ........ccveiieieiic e 81
Bioscience Services, London, UK ... 81
VOITAGE SOUICE ...ttt et e e e et e et e nee e 81
used for the amplified DNA on the electrophoresis gel plate.............cccccevvenen. 81
Kodak BioMax MBP300 from New Jersey, USA.......ccccocevieveiiniiiene e, 81

11|Page



INGENIUS gElL.....ooiiiiiiiie e 81

gel imaging for the PIateS..........coivei i 81
Syngene, Cambridge, UK ... 81
[ustra™ GFX PCR DNA and Gel Band Purification Kit.............ccccccoeevieeennee. 81
extract the DNA after PCR of the DNA samples from electrophoresis gel ....... 81
Cytiva, MassaChUSELS, US ........ccoviiiiiiie e 81
DRI-BLOCK® DB-2A ... .ottt 82
solubilisation of agarose gel containing DNA was performed using a dry block
............................................................................................................................ 82
Techne, Chelmsord, UK ........ooo et 82
5415 D CeNEIITUGE ..ottt ae e nne s 82
centrifugation of the samples after each DNA extraction Step ............cccceeevenen. 82
Eppendorf, Hamburg, GErmMany............cccceveieeie i 82
Nanodrop 2000¢ SpectrophOtOMELer .........c.ccveiiiiiiiiee e 82
measuring DNA concentration of each sample ..., 82
Thermo Scientific, MassaChUSELES, USA ......cc.eoiiiiiiee et 82
FINSNTV 1.4.0 SOTEWAIE ....eoivieiieie e 82
ANAlySING PCR FESUIES ...t 82
GBOSPIZA. 1.ttt bbb bbbt 82
Basic Local Alignment Search ToOl (BLAST).......ccceiiiiiiieeie e, 82
available online from the National Centre for Biotechnology (NCBI) .............. 82
Maryland, USA . ... ..ottt 82
2.2.2. Collection of plant SaMPIES..........ccceeviiieiieiicic e 82
2.2.3. Preparation of malt extract agar media and fungal inoculation from
Jordanian chamomile. ..o 82
2.2.4. Fungal extracts fOr SCrEENING. ......ceierierirerire e 83
2.2.5. Preparation of fungal inoculum for media optimisation..............c.ccccoe.... 86
2.2.6. Chemical analysis: Extraction, chromatographic separation and structure
21 [0 o] o F= U1 o] o SRS 89
2.3.  The metabolomics approach used in this Study.........cccccceveveverieninerniiinnnnn 93
2.3.1. Data Analysis Using MZmine 2.53 (Macintyre et al., 2014) ................... 94
2.3.2. Chemometrics and multivariate analysis..........ccccocvvvveiieiieesie e 96
3. Jordanian and European chamomile comparison for unravelling the anticancer
and antioXidant diffEreNCES .........ociiiiiieiiee e 97
3.1, Literature Background...........cccccveiiiiiieiie e 97

12|Page



3.2.  Crude extracts and extract yield of the Jordanian and European chamomile

100
3.3.  Multivariate analysis of the crude extract of M. chamomilla varieties ..... 102
3.3.1. The biological activity of M. chamomilla crude extracts................... 103
3.3.2.  Multivariate analysis of NMR spectral data..............ccccoevveivernennenn, 107
3.3.3.  NMR spectroscopy of M. chamomilla fractions..............c.ccccceeuvenen. 111
3.3.4.  Multivariate analysis of LC-HRMS data ..........ccccoeoviiiiiiiinicieen, 115
3.4.  Fractionation of the EXIIaCtS ........ccccviiveiiiiniieie e 120
3.4.1. LC-HRMS analysis of M. chamomilla fractions .............ccccocervenee. 122
3.4.2. Biological assay results of the bioactive fractions..............cccccoeeuneee. 128
3.5.  Structural elucidation of biologically active fractions.............cccccceevvennen. 142
3.5.1.  Structure elucidation of F8-ChJ from Jordanian chamomile............. 143
3.5.2.  Structure elucidation of F2-ChE from the European chamomile....... 150
3.5.3.  Structure elucidation of F8-ChE from European chamomile. ........... 156
3.5.4.  Structure elucidation of F11-ChE from European chamomile. ......... 160
3.5.5.  Structure elucidation of F12-ChE from European chamomile. ......... 167
3.6, SUMMAIY ..ot 175

4. lsolation and Screening of Fungal Endophytes from Jordanian chamomile. ... 176
4.1. Literature background on fungal endophytes derived from chamomile. .. 176

4.2. Isolation of endophytic fUNQGI. .....cceeieiiiiic e, 179
4.3, FUNgal eXIraCtioN ........c.coiveiiiie e 180
4.4. Bioassay screening of fungal extracts ...........ccccecveveiieiiccc e, 182
4.4.1. AlamarBIUE® ASSAY .......c.ccoeeivieiiiiieiieaie e se e se et 182
4,42, DPPH @SSAY ....citiiiiiieitieiiiie sttt 184

4.5.  NMR analysis of fungal eXtracts...........ccocrviiiriiiiieieneeeee 184
4.6. LC-MS analysis of fungal exXtracts.........c.ccoovreriiiiieiene e 195
4.7, 1TS gENE SEQUENCING ..eviviieeiieiieieiee sttt sttt sttt 208
4.8. Summary of the preliminary screening resultS...........ccccoveveviieveiiieieenenn, 209
5. Optimising the production of bioactive fungal extracts................cccccvevvrrurenenn. 210

5.1. Optimising the production of anticancer bioactive metabolites in A. ustus 210

5.1.1. Extract yields on different media............cccooveiiiiiiiiieci e, 211
5.1.2. BIOIOGICAl SSAY .....ouveviviiiiiieiiieiieieee e 212
5.1.3. NMR spectroscopy for A. UStUS €XIFaCES.........ccceevuereeresiiereeieeie e, 213
5.1.4. Multivariate analysis of NMR data............ccooovvrinininneneicceeee, 217

13|Page



5.1.5. Multivariate analysis of LC-HRMS data...........ccccccvevviieiveneeie e, 222
5.2. Optimising the production of anticancer bioactive metabolites in A. solani. 237

5.2.1. Extract yields on different media.............ccooveviiieiienie i, 239
5.2.2. BIiOIOGICAl @SSAY .....ecvveveirieiiieiieeie et see st e e 241
5.2.3. NMR spectroscopy for A. solani extracts ..........c.cceevvevviveevveneerieseennenn, 242
5.2.4. Multivariate analysis of NMR spectral data ............ccccccooenininiiiicnennn, 247
5.2.5. Multivariate analysis of LC-HRMS data..........ccccovvveiininiieneniescenen, 254
5.3 SUMMEAIY ...ttt ettt sttt e et e b e et e e abeeete e 261
5.3.1. A, USEUS OPEIMISALION ....c.viviiiiiieiieiei e 261
5.3.2. A. S0lani OptimiSatioN .........ccciveiiiiiesiee e 262
6. A. ustus scale up and isolation of anticancer compounds. ...........ccccceevvervenenne 263
6.1. Literature background on the endophytic fungi A. UStus.............ccccuvennenne. 263
6.2. Fractionation of the extract and multivariate analysis............ccccccccvvennne. 267
6.3. Biological assay results of fractions............ccoceviviriiieniince e 270
6.4. NMR spectroscopy Of A. UStUS fraCtionS ...........ccocvevveieiinenineseseeiee 271
6.5. LC-HRMS analysis of A. UStus fractions ...........cccceveverenenineniseieens 280
6.6. HRMS analysis of A. ustus SUDFractions ............ccocuevveienenenseeeeee 289
6.6.  Pure compounds iSOIAtioN ..........cccecveiieiiiiieie e 297
6.6.1.  Linoleic acid deriVatiVES ..........cccccerereiiniiinieiee e, 301
6.6.2.  OPhIODOIINS.......ciiiiice e 315
6.6.3.  Drimane sesquiterpene derivatives ..........ccccceeveveeveiiieieecieese s, 327
IR N =Y =1 (o] o | o SRS 357
6.7. Biological assay results of the pure compounds...........cccocevvrineinniennnne. 367
6.8, SUMMAIY ..o s 370
7. GENEral DISCUSSION .....ecviiiieiieeieeiiesieeie e seesee e ste e e sneesreeeesneesteeneesneesneeneennes 371

7.1. Anticancer and antioxidant compounds from two varieties of chamomile.. 371
7.1.1. Metabolomic-guided isolation of target anticancer active metabolites .. 372
7.1.2. Proposed biosynthetic pathways of the isolated phenolic compounds... 375

7.1.3. Role of isolated phenolics and flavonoids compound from chamomile
varieties as anticancer and antioxidant activity .............cccccevvveie i, 378

7.2. Anticancer compounds from the fungal endophyte of Jordanian chamomile.

7.2.1. LC and direct infusion mass spectroscopic-based metabolomic profiling of
=] 01=] 0T ] o PSSR RUPRUPPRN 383

1l4|Page



7.2.2. Proposed biosynthetic pathways of the isolated fungal compounds....... 387
7.2.3. Related bioactivities of isolated compounds and their known derivatives

.......................................................................................................................... 393
7.3. Relationship between Jordanian chamomile and its endophyte.................... 397
8. Conclusion and FUtUIE WOTK .........cccooeiiiiniii i 400
8.1 Metabolomic profiling of potential anticancer and antioxidant metabolites from
European and Jordanian chamomile for targeted isolation work ......................... 400
8.2. Metabolomic profiling of potential anticancer metabolites from M.
chamomilla associated endOPNYLE ........cc.ecvevieiii i 401
8.3, FULUIE WOTK ...ttt 403
0. RETEIBNCES. .. .ot nes 405
10, APPENGIX ottt 427

15|Page



List of Tables

Table 1.1: Some of the analysis used in multivariate approaches (Wiklund, 2008). 58

Table 2. 1: Materials and equipment used in the eXperiments..........ccccoccevveervieennnn. 66
Table 2.2: Required sample concentration for SCreening. ........ccoccevvveveeeeneeneniennenns 72
Table 2.3: Elution gradient used for LC-HRMS. ..., 73
Table 2.4: Seeding densities (cell/cm?) for the used cell iNeS............ccvevervevevevrnneee, 77
Table 2.5: The constituents of anisaldehyde/sulfuric acid spray reagent.................. 78
Table 2. 6: Materials and equipment used in the experiments..........c.ccccceevvevvvinenen. 80
Table 2.7: PCR CYCIES. ...oovieee ettt 85
Table 2.8: Elution gradient for the fractionation of A. ustus extracts .............c.c...... 90
Table 2.9: Mobile phase % used in sub-fractionation of A. ustus fraction 11 and 12.

.................................................................................................................................... 91

Table 3.1: Yields of liquid-liquid partitioning extracts obtained from chamomile
VAETETIES .ttt ettt bbbttt b et et b bbb e 100
Table 3.2: ECso values of antioxidant activity assay of liquid-liquid partitioning
extracts obtained from both varieties of M. chamomilla in mg/mL. Ascorbic acid and
quercetin were used as the positive CONLIolS. ..........ccocvviriiiiieic e 107
Table 3.3: Dereplication of the outliers with p < 0.05 determined from the OPLS-
DA loadings plot (Figure 3.10B) of the bioactive metabolite from both varieties of
M. chamomilla EtOAc extracts. Structures of putatively dereplicated compounds are

SNOWN IN FIGUIE 3.11. .ottt re e 118
Table 3.4: Mobile phase used for the Buichi Sepacore® fractionation of the EtOAc
extracts of both M. chamomilla Varieties. ..........cccvvviiiriiinieiee e 120
Table 3.5: Weights of fractions obtained from the Blichi Sepacore® fractionation of
the EtOAC extracts of both varieties of M. chamomilla ...........cccocooiiiiiiiiiienen, 121
Table 3.6: ECx for the bioactive fractions that possess antioxidant activity. n=
NUMBDET OF SAMPIES ... 130

Table 3.7: 1Cso values in uM for the bioactive European chamomile fractions against
the tested cell lines. If SI greater than 10 or the ICso of the tested normal cell was not
obtainable, then the compound considered selective (Vonthron-Sénécheau et al.,
2003). 1.eeeete ettt b bttt Re et et Re et et e r e bt et ere et 133
Table 3.8: Dereplication of target bioactive metabolites against breast cancer (ZR-
75) and antioxidant activity as predicted by OPLS-DA loadings S-plots. Metabolites
were arranged according to their ascending p-values. Highlighted rows represent

compounds that were isolated from both chamomile varieties............c.ccccovvrveennenn. 136
Table 3.9: Fragments ions of a dicaffeoylquinic acid isomer at Rt 8.47 min as shown
TN FIQUIE 3030 ..ttt bbbt 144

16|Page



Table 3.10. *H and *C NMR data of F8-ChJ in CD30D. ........ccccovvvvrrrererrereeens 149
Table 3.11: *H and 3C NMR data of F2-ChE in comparison to chrysosplenetin

(AlWahsh et al., 2015) .....cuiiieiiiie e e e 155
Table 3.12: 'H NMR data of F8-ChE and synthesised apigenin measured at 400
MIHZ. s 159

Table 3.13: *H NMR data(5x in ppm, mult, J in Hz) of F11-ChE in comparison to
cynarin, a 1,3-dicaffeoylquinic acid analogue along with spectral data of 1,5-
dicaffeoylquinic acid reported in the literature. ..o 166
Table 3.14: 'H NMR data (8n in ppm, mult, J in Hz) of F12-ChE in comparison to
that of 1,3-O-dicaffeoylquinic acid (F11-ChE) and 3,5-O-dicaffeoylquinic acid (F8-
ChJ) measured at 400 MHZ in DMSO-06. ....cvevivirieiiinieieeise e 172
Table 3.15: *H NMR data (8w in ppm, mult, J in Hz) of F12-ChE in comparison to
that of 4'—1-O-feruloyl-B-D-glucose and 1-O- feruloyl-p-D- glucose as reported in
TNE TIEEIALUIE. ...veivieie ettt 174

Table 4.1: Isolated endophytes from M. chamomilla (Hatamzadeh et al., 2020). 177
Table 4.2: Morphological feature of the isolated endophytes from Jordanian
ChAMOMIIE. ... e et neenne e 180
Table 4.3: Fungal extract yields in tripliCates. ..........cccccevviveiieenie i, 181
Table 4.4: Top 5 VIP (Variable Importance in Projection) dereplicated metabolites
that define the discriminating features of anticancer bioactive extracts. The

compounds are arranged according to their increasing p-values. ............ccccevvenenn. 202
Table 4.5: Discriminating feature of fungal extracts obtained from different plant

parts with p-values < 0.05. Compound structures are shown in Figure 4.16........... 203
Table 4.6: The obtained bioactive endophytes and their identity. .............c.cc......... 208

Table 5.1: Yields obtained from A. ustus extracts grown in four different media and
extracted after various incubation periods. All cultures were incubated at 27°C.

Table 5.2: Dereplication of discriminating metabolites of A. ustus for the different
mediA.Structures are Shown in Figure 5.12.........cccooveiiiieiicie e 227
Table 5.3: Dereplicated metabolites that define the discriminating features of
anticancer bioactive potato dextrose media extracts. The compounds are arranged

according to their p-values. Structures are shown in Figure 5.14...........ccccvveenee. 233
Table 5.4: Secondary metabolites previously isolated from A. solani..................... 238
Table 5.5: Extract yields afforded by A. solani grown on five different media and
collected at various incubation periods. All cultures were incubated at 27°C. ........ 240
Table 5.6: Dereplication of discriminating metabolites of A. solani for different
mediA.Structures of compound hits are shown in Figure 5.31..........ccccccevvevvenenne. 258

Table 6.1: Reported sources, biological activity, and isolated compounds for A.
0] 1SRRI 264
Table 6.2: Weights of extracts after pooling similar fractions. ............c.cccccvevienne. 269

17|Page



Table 6.3: Dereplication of target bioactive metabolites against breast cancer (ZR-
75) as predicted by OPLS-DA loadings S-plots. Structures of compounds are shown
in Figure 6.17. For multiple compound hits, hits were filtered according to a fungal
genus prioritising the genus ASPergillus. ... 285
Table 6.4: Dereplication of target bioactive metabolites against breast cancer (ZR-
75) as predicted by OPLS-DA loadings S-plots of the LCMS data by direct infusion.

The highlighted rows correspond to isolated compounds from A. ustus. ................ 294
Table 6.5: Weight of subfractions 1 to 12 of fraction 11 obtained by Reveleris FC
using 0% to 20% of EtOAc in combination of n-Hexane. ...........ccccceevevvvcevvennee 299
Table 6.6: NMR spectral data for compound F11-12 in DMSO-de measured at 500
IVEHZ. ettt ettt re e neen et e 308
Table 6.7: NMR spectral data for compound F11-11 in DMSO-de measured at 500
MIHZ. s 314

Table 6.8: Weights of subfractions 13 to 18 from the bioactive fraction F11......... 315
Table 6.9: NMR spectral data for compound F11-17 in DMSO-d6 measured at 500

IVTHZ.. bbbttt bbbt 325
Table 6.10: NMR data of F11-17 compared to that of ophiobolin K from the
literature (Singh et al., 1991). ....coiiiiiiie e 326

Table 6.11: Weight of subfractions 19 to 32 from fraction 11 obtained by Reveleris
FC using 50% to 100% of EtOAc in combination with n-Hexane. TLC

chromatograms are Shown in FIQUIe 6.46. ..........ccoceiiriiinieieiee e 327
Table 6.12: NMR data of F11-23 compared to the literature data (Hayes et al.,

199B). vttt et b ettt bbb b e enes 338
Table 6.13: NMR spectral data for compound F11-23 in DMSO-des measured at 500
IVTHZ. bbbttt bbb n e 339
Table 6.14: NMR spectral data for compound F11-29-8 DMSO-de measured at 500
7 2SR 347
Table 6.15: NMR spectral data for compound F12-11-2 in DMSO-de at 500 MHz.
.................................................................................................................................. 355
Table 6.16: NMR spectral data of compound F12-11-2 compared to that of literature
(Liu et al., 2009)....c..ciiiiiieieieiesie ettt bbb 356
Table 6.17: NMR data of F11-29-6 in DMSO-ds measured at 500 MHz............... 365
Table 6.18: NMR data of F11-29-6 compared to that to literature(Lopez-Gresa et al.,
2009). <ottt ettt e be e reaneereeneeneeneas 366

Table 6.19: ICso concentrations (uM) for the bioactive isolated compound against
respective cell lines. If SI greater than 10 or the ICso of the tested normal cell was not
obtainable, then the compound considered selective. ...........ccooeviviiiiieiecceciee, 369

Table 7.1: Compounds isolated from the Jordanian and European chamomile
VANTELIES. ...ttt b et s et e bt st e sbe e st e et e st e be e beeneenreas 371
Table 7.2: Compounds isolated from the A. ustus extractS...........cccoevevvviieerneenne. 381

18|Page



List of Figures

Figure 1.1: Examples of compounds isolated from plant, fungi, and marine
INVEITEITALES ... bbbt 40
Figure 1.2: FDA-approved medications derived from plant natural products.......... 42
Figure 1.3: Secondary metabolites isolated from German and Roman chamomile.
(Bomke and Tudzynski, 2009, Isaac, 1979, Schilcher, 1987, Barton et al., 1999,
Reichling et al., 1979). ..o 49
Figure 1.4: Schematic diagram for metabolomics approach A) metabolomic targeted
approach B) metabolomic untargeted approach. Figured adapted from (Patti et al.,

2002). ettt R et b e b bt n et nn e ne e 52
Figure 1.5: The omics cascade. The metabolome is the most representative of the

phenotype. Adapted from (Haukaas et al., 2017) .......cccccovevviveiieere e, 54
Figure 1.6: Score plots for PCA and OPLS-DA approaches. ..........ccccceevvvvvereenenne. 59
Figure 1.7: PCA scores and the 10adings plots. .........cccovveviiieie v 60

Figure 2.1: Workflow of applying metabolomics in the search for anticancer agents
from the A. UStUS ENAOPNYTE. ......oviiiieiiiiee s 93

Figure 3.1: Secondary metabolites isolated from M. chamomilla (Shankar et al.,

2017, Sadraei et al., 2017, Hostetler et al., 2017)........cccovviiiiieneicienieceee 99
Figure 3.2: Workflow for M. chamomilla varieties for both Jordanian and European
CRAMOIMITE. ...ttt es 101

Figure 3.3: Stacked *H NMR spectra of Jordanian (ChJ) and European (ChE)
chamomile extract in DMSO-ds measured at 500 MHz. Highlighted spectra represent
the DIOACLIVE TraCTIONS. ..o 103
Figure 3.4: AlamarBlue® assay of 30 pg/mL crude fractions obtained by liquid-
liquid partitioning of total crude extracts of A) Jordanain and B) European
chamomile on breast cancer cell [ine ZR-75........ccccoiiieiiiiiiee e, 104
Figure 3.5: Microscopic photo of breast cells after 48 hr incubation. A) Breast
cancer cells without treatment. B) Breast cancer cells with Triton X. C) Breast cancer
cells with EtOAc extract from European chamomile at a concentration of 30 pg/mL.
Magnification power was 10X (objective lens) and the background was shown in

[0 £=T=] o TR PP OUPROPRRTIN 105
Figure 3.6: DPPH assay for antioxidant activity of liquid-liquid partitioning extracts
obtained from A) European and B) Jordanian chamomile in mg/mL. Ascorbic acid
and quercetin were used as the positive CONtrols. ..o 106
Figure 3.7: (A) PCA scores and (B) loadings plots of the NMR spectral data of M.
chamomilla. The R? and Q? values were 0.98 and 0.90, respectively. Encircled

19|Page



features on the loadings plot indicate the discriminating chemical shifts for the
biologically aCtiVe EXIFACTS. ........cccuiiiiiiiiee e s 109
Figure 3.8: (A) OPLS-DA scores and(B) loadings of the NMR spectral data of M.
chamomilla pre-classified according to their bioactivities in AlamarBlue® and DPPH
assay results. The R? and Q? values were 0.98and 0.80, respectively. Encircled
features on the loadings plot indicate the discriminating chemical shifts for the
biologically aCtiVe EXIFACES..........c.civeiieiecie e 110
Figure 3.9: Stacked *H NMR spectra of Jordanian chamomile (ChJ) fractions in
DMSO-ds measured at 500 MHz. Boxed spectra represent the bioactive fractions.111
Figure 3.10: Stacked *H NMR spectra of European chamomile (ChE) fractions in
DMSO-de measured at 500 MHz. Boxed spectra represent the bioactive fractions.112
Figure 3.11: (A) PCA scores plot and (B) OPLS-DA loadings S-plot of the NMR
spectral data of Jordanian and European fractions.............ccccoeveiiniiinininsiccinn 114
Figure 3.12: Permutation test (100 permutations) of OPLS-DA model for Jordanian
and European fractions of their antioxidant using DPPH® assay and anticancer
activity against breast cancer cell line ZR-75. ..., 115
Figure 3.13: (A) OPLS-DA scores and (B) loadings plot for the mass spectral data
(ion peaks at m/z) of the crude extracts obtained by liquid-liquid partitioning.
Encircled features in red indicate the discriminating features for the active EtOACc
extracts, which were listed below in Table 3.3. The R? and Q? values were 1.00 and

0.96, reSPECTIVEIY. ... 117
Figure 3.14: Structures of the discriminating bioactive metabolites, listed in Table
3.3, from EtOAcC extract of both varieties of M. chamomilla. ............cc.ccoovvvviinnne. 119

Figure 3.15: (A) PCA scores and (B) loading plots of the LC-HRMS data of M.
chamomilla fractions for both varieties. Encircled in orange are the discriminatory
features for the corresponding outlying variable fractions. .............ccccoccevvveieiienen, 124
Figure 3.16: DMod X results to validate true outliers of the model. Variables above
the red line are the true outliers that included Fractions ChE 6, 8, 9, 11, and 12 .... 125
Figure 3.17: (A) OPLS-DA scores and (B) OPLS-DA loadings plots of the m/z ion
peaks grouped between Jordanian and European chamomile fractions. R? and Q?
scores were 0.976 and 0.88, respectively. ..o, 127
Figure 3.18 : DPPH assay of the bioactive fractionated samples. ...........c.cccocoe... 130
Figure 3.19: AlamarBlue® assay of fractions from both M. chamomilla varieties.
Effect of 30 mg/mL A) Jordanian and B) European chamomile fractions on breast
CANCEE CRIIS. .ottt et e e e sreesteeneeaneenneens 131
Figure 3.20: Standard curves to determine the ICso values for the bioactive fractions
A) F2 and B) F8 from the European chamomile tested against the breast cell line ZR-

75T SRS 132
Figure 3.21: Effect of 30 pg/mL European chamomile active fractions against ZR-
75 cancer cells and HS-27 normal Cells. ... 132

20|Page



Figure 3.22 : Standard curves to determine the 1Cso values for the bioactive fractions
A) F2 and B) F8 from the European chamomile tested against the normal cell line

o L ST 133
Figure 3.23: A) OPLS-DA scores plot and B) S-plot of the mass spectral data (MW)
grouped between active and inactive fractions. R and Q? values are equal to 1.0 and
0.41, respectively. The discriminatory features were labelled with their ion peaks at
11 2RSSR P PRSPPI 135
Figure 3.24: Total lon Chromatogram (TIC) of the active fractions. The labelled ion
peaks represent the isolated discriminating features highlighted in Table 3.8. ....... 139
Figure 3.25: Structures of the discriminating bioactive metabolites against breast
cancer (ZR-75) and antioxidant activity as listed in Table 3.8. Structures in black

boxes were the isolated compounds in this StUdY. .........cccooeieiiiiniiieeeee, 140
Figure 3.26: Schematic diagram summarising the isolation and elucidation of the

bioactive compounds produced by the two M. chamomilla varieties. .................... 142
Figure 3.27: Chemical structure of F8-ChJ.........c.ccceiiiiiiiicii e 143

Figure 3.28. Extracted ion chromatogram and mass spectrum of F8-ChJ from the
Jordanian chamomile showing source fragmentation at m/z 515.1182 [M—H]" eluting
LIRS T A 0 1| RSP 143
Figure 3.29: Fragment scheme of a dicaffeoylquinic acid isomer...............ccco...... 144
Figure 3.30: *H NMR spectrum of F8-ChJ in CD3OD measured at 400 MHz....... 145
Figure 3.31: (*H-'H) COSY correlation spectrum of F8-ChJ in CD3OD measured at

A00 IMHZ. .o ettt ens 147
Figure 3.32: HMBC spectrum of F8-ChJ in CD3OD measured at 400 MHz........... 148
Figure 3.33: chemical structure of F2-ChE............ccccooiiiiiiiii e 150
Figure 3.34A. Extracted ion chromatogram of F2-ChE for the ion peak at m/z

375.1080 [M+H]*at @ RT Of 15.5 MiN.....ccccceiviieiriiiiceeseee e 150

Figure 3.35: 'H NMR spectrum of F2-ChE in DMSO-ds measured at 400 MHz... 152
Figure 3.36: HMBC spectrum of F2-ChE in DMSO-de measured at 500 MHz. .... 154

Figure 3. 37: Chemical structure of F8-ChE ...........ccccooviiiiiiiie, 156
Figure 3.38A.Extracted ion chromatogram of F8-ChE for the ion peak at m/z
269.0450 [M—H] ™ eluting at RT of 12.5MiN.......cccoeiiiiiiiciiee e 156
Figure 3.39: 'H NMR spectrum of F8-ChE in DMSO-ds measured at 400 MHz... 158
Figure 3.40: Chemical structure of F11-ChE..........c.cccoiiiiiii i 160
Figure 3.41A. Extracted ion chromatogram of F11-ChE for the ion peak at m/z
517.1338 [M+H]" with @ RT 0f 8.1 MiN. ...covviiiiiiieieeee e 160
Figure 3.42: 'H NMR spectrum of F11-ChE in DMSO-ds measured at 400 MHz. 163
Figure 3. 43:1sopropylidene derivatisation of 1,3-O-dicaffeoylquinic acid.......... 164
Figure 3.44: COSY NMR spectrum of the quinic acid moiety in F11-ChE measured
iN DMSO-dg at 400 MHZ. ....c..oiviiiiiiiceeeee e 165
Figure 3.45: Chemical structure of F12-ChE..........ccccoooveiiiiiieiie e 167
Figure 3.46A: Extracted ion chromatogram of F12-ChE for the ion peak at m/z
355.1030 [M-H] eluting ata Rt of 7.23 MiN. ....ccoooiiiiiiiiiiccec e 167

21|Page



Figure 3.47: *H NMR spectrum of F12-ChE in DMSO-ds measured at 400 MHz. 169
Figure 3.48: COSY NMR spectrum F12-ChE measured in DMSO-de at 400 MHz.
Blue line represents the propenoic acid moiety, yellow line is the ABX system of the
1,3,4-trisubstituted phenyl system of the ferulic acid unit, and the green line traces
the coupling protons for the gluCoSe UNIt. .........ccceiiiiiiiiii e, 173

Figure 4.1: Schematic diagram for the screening of crude fungal extracts............. 178
Figure 4.2 :Alamarblue® assay against the breast cancer cell line ZR-75 for 30
pg/mL extracts of fungal endophytes obtained from A) flower, B) roots, and C) stem.
The red line indicates the bioactivity threshold, which must be below 40% of cell

(VL= 01 125U OSRSS 183
Figure 4.3: Dilution curves to determine the ICso values of active fungal extracts
against the breast cancer cell line ZR-75. ... 184
Figure 4.4: Stacked *H NMR spectra of the fungal extracts obtained from
endophytes isolated from the flower part of the chamomile plant...............c..c........ 186

Figure 4.5: Stacked *H NMR spectra of the fungal extracts obtained from
endophytes isolated from the root part of the chamomile plant. Spectrum from 1 to 3
represent the bioactive fungal eXtracts. ..........ccccceevveieeve e 186
Figure 4.6: Stacked *H NMR spectra of the fungal extracts obtained from
endophytes isolated from the stem part of the chamomile plant. Boxed spectra
represent the DIOACTIVE EXIIACT. .........ccceiiiiiieiee s 187
Figure 4.7: A) PCA scores and B) loadings plots of the NMR spectral data of fungi
extracts. The R? and Q? values were 0.98 and 0.26, respectively. Orange encircled
variables on the PCA scores plot are the biologically active extracts against the breast
CANCEr CEHl TINE ZR-T5. i e 188
Figure 4.8: A) OPLS-DA scores and B) loadings plots of the NMR spectral data of
fungal extracts grouped according to the plant parts the endophytes were obtained.
The discriminatory chemical shifts in ppm from the respective extracts of the
endophytes obtained from the flower were encircled green, those from the roots were
encircled in blue and stem encircled iN red. ........ccoooveeienecicce e 190
Figure 4.9: A) OPLS-DA scores and B) loadings plots of the NMR spectral data of
endophytic fungal extracts against their bioactivity on the breast cancer cell line ZR-
75. R% and Q? values were 0.98 and 0.74, respectively. The difference between group
RZX,[1] is equal to 16.5% and the difference within groups R2X[2] is 9.2%.
Encircled features on the loadings S-plot indicate the discriminating chemical shifts
for the biologically active fractions against breast cancer cells line ZR-75. ........... 192
Figure 4.10: Heatmap analysis of the NMR spectral data of endophytic extracts
generated by MetaboAnalyst®. The boxed extracts are the biologically active
extracts against the breast cancer cell line ZR-75 along with the discriminating
chemical shifts unique to these anticancer fractions. ............cccooevivvveriiereeieseenen, 194

22 |Page



Figure 4.11: (A) PCA scores and (B) loading plots of the LC-HRMS fungal
endophytes. Encircled features represent the discriminating ion peaks for the outliers
R1-1, R1-2, and R1-3. R?= 0.67and Q% = 0.37. ..ceeveeeeeeeee e, 197
Figure 4.12: DMod X bar-plot to examine the occurrence of true outliers. fungal
endophyte extract above the red line are the true outliers, which includes R1-1, R1-2,
R1-3, N0 R2-3. ..ottt ettt n s 198
Figure 4.13: (A) OPLS-DA scores and (B) loading plots of LC-HRMS fungal
endophytes. The highlighted box indicated the metabolites from R1-2. R?= 0.86 and
Q? = 0.76. Discriminating features of the fungal endophyte extracts obtained from
the different plant part are listed in Table 4.5. ..., 199
Figure 4.14 : A) OPLS-DA scores, B) loadings, and C) S- plots of LC-HRMS
fungal endophyte grouped according to their bioactivity against breast cancer cell
line ZR-75. The highlighted box indicated the metabolites from R1-2. R? = 0.99 and
Q2 2 0.76. ottt 201
Figure 4.15: VIP analysis generated by MetaboAnalyst® for the LC-HRMS data
fungal extracts of endophytes from various plant parts of Jordanian chamomile, The
extracts were grouped according to their bioactivity against breast cancer cell line
ZR-75. The boxed metabolites were the discriminating features hypothesised to be
responsible for the anticancer activity of the extracts. ...........cccccovveiniiiniiieienn, 206
Figure 4.16: Structures of the discriminating metabolites of fungal extracts obtained
from different plant as predicted by OPLS-DA loadings plots as listed in Table 4.5.

Figure 5.1: Histogram of extract weights of A. ustus obtained from four different
media and incubated at 7, 15, and 30 daYS........ccccceieeriiiieiiere e 212
Figure 5.2: AlamarBlue® cell viability assay results of 30pug/mL of A. ustus extracts.
The red line indicates the bioactivity threshold. ...........cccocooiiiiii i, 213
Figure 5.3: The *H NMR (500 MHz) data obtained from A. ustus extracts after
incubation in solid-rice medium incubated for 7, 15, 30 days, measured in DMSO-de

Figure 5.4: The *H NMR (500 MHz) data obtained from A. ustus extracts after
incubation in solid-oat medium incubated for 7, 15, 30 days, measured in DMSO-de

Figure 5.5: The *H NMR (500 MHz) data obtained from A. ustus extracts after
incubation in potato-dextrose medium incubated for 7, 15, 30 days, measured in

Figure 5.6: The *H NMR (500 MHz) data obtained from A. ustus extracts after
incubation in Wickersham medium incubated for 7, 15, 30 days, measured in

23|Page



Figure 5.7: (A) PCA scores and (B) loading plots of *H NMR spectral data of A.
ustus extracts obtained from four different media incubated at 30 days. R?= 0.994
ANA Q2 = 0.966. .....vvreececeeieie ettt ettt ettt 219
Figure 5.8: (A) OPLS-DA scores and (B) loadings plots of *H NMR spectral data of
A. ustus extracts obtained after incubation on different media classified according to
their AlamarBlue® results against breast cancer cell line ZR-75. R and Q? values
were 0.999 and 0.998, respectively. The difference between group R?X,[1] is equal
to 55.7 % and the difference within groups R?X[2] is 26.1%. Encircled features on
the loadings plot indicate the discriminating chemical shifts for the biologically
active extracts against breast cancer cells line ZR-75.........cccccooovevviiiiciic i, 221
Figure 5.9: (A) PCA scores (B) loading plots of LC-HRMS data of A. ustus extracts
from four media incubated at 7, 15, and 30 days. R?X=0.811 and Q*X = 0.534.
Encircled features represent the discriminating ion peaks for the outlying extracts

obtained from Wickersham media incubated for 7 and 30 days. .........c.ccccceverveenene. 224
Figure 5.10: Discriminating metabolites from fungal extracts obtained after 7 and 30
days of incubation in Wickersham media. ...........ccccoveviiiiiic i, 225

Figure 5.11: (A) OPLS-DA scores and (B) loading plots of LC-HRMS of A. ustus
extract obtain from different mediA.The encircled box indicated the discriminating
feature for each media extracts. R? = 0.86 and Q? = 0.76. The difference between
group R?X,[1] is equal to 17.5% and the difference within groups R2X[2] is 10.5%.

Figure 5.12: Structures of the discriminating metabolites from A. ustus extract
obtained from different media and listed in Table 5.2........cccccevvviiiiiniiiiicen 229
Figure 5.13: (A) OPLS-DA scores (B) OPLS-DA loadings S-plot of LC-HRMS data
of A. ustus of different media extracts classified according to their bioactivity against
breast cancer cells (ZR-75) (C) Expansion of the OPLS-DA loadings plot indicating
the discriminating features for the active A. ustus extracts obtained from potato-
dextrose media at 30" day, which are labelled with their m/z values and were listed
below in Table 5.3. R?=0.94 and Q% = 0.51. The difference between group R?X,[1]

is equal to 15.2% and the difference within groups R?X[2] is 2.0%. ..........ccc.c....... 232
Figure 5.14: Structures of the discriminating bioactive metabolites from A. ustus
extract obtained from potato dextrose media have been listed in Table 5.3. ........... 235

Figure 5.15: Total lon Chromatogram (TIC) of the bioactive A. ustus extracts
obtained from potato-dextrose mediA.The ion peaks that represent the discriminating

features listed in Table 5.3 have been labelled. ..., 236
Figure 5.16: Secondary metabolites previously isolated from A. solani ................ 239
Figure 5.17: Histogram of extract weights of A. solani obtained from five different
media and incubated at 7, 15, and 30 dayS.......ccccereriririninieiere e 240
Figure 5.18: AlamarBlue® cell viability assay results of 30ug/mL of A. solani
extracts. The red line indicates the bioactivity threshold.............cccccoooeviiiiiinnnn. 241

24 |Page



Figure 5.19: The *H NMR (measured in DMSO-dg, 500 MHz) data obtained from A.
solani extracts after inoculation on solid-rice medium incubated for 7, 15, 30 days.

Figure 5.20: The *H NMR (measured in DMSO-ds, 500 MHz) data obtained from A.
solani extracts after inoculation on solid-oat medium incubated for 7, 15, 30 days.

Figure 5.21: The *H NMR (measured in DMSO-ds, 500 MHz) data obtained from A.
solani extracts after inoculation on potato-dextrose medium incubated for 7, 15, 30
(02 SR 244
Figure 5.22: The 'H NMR (500 MHz) data obtained from A. solani extracts after
inoculation on Wickersham medium incubated for 7, 15, 30 days, measured in

Figure 5.23: The 'H NMR (500 MHz) data obtained from A. solani extracts after
inoculation on malt extract broth medium incubated for 7, 15, 30 days, measured in

Figure 5.24: The stacked *H NMR (measured in DMSO-ds, 500 MHz) data obtained
from A. solani extracts from the screening step in comparison to the five different
media used during the media optimisation step incubated for 30 days.................... 247
Figure 5.25: (A) PCA scores (B) loading plots of *H NMR spectral of A. solani
extracts from four media incubated at 15 and 30 days. R?= 0.99 and Q? = 0.95 after 7
(60] 0] 10 1T o PSPPI 249
Figure 5.26: (A) OPLS-DA scores B) loadings plots of *H NMR spectral of A.

solani extracts obtained from different mediA.R? and Q? values were 0.99 and 0.79,
respectively. The difference between group R2X,[1] is equal to 29.6% and the
difference within groups R?X[2] is 5.6%. Encircled features on the loadings plot
indicate the discriminating chemical ShiftS...........ccccoooiiiiicii e 251
Figure 5.27: (A) PCA scores (B) loading plots of *H NMR spectral of A. solani
extracts from malt medium incubated at 15 and 30 days and MA medium. R?= 1.0
and Q% = 1.0 after 3 COMPONENTS. .........cevververeeereiereieee e 253
Figure 5.28: (A) PCA scores (B) loading plots of LC-HRMS of A. solani extracts
from four media incubated at 15, 30 days. R>X=0.67 and Q?X = 0.38. Encircled
features represent the discriminating ion peaks for the extracts obtained from

AIFFErENT MEMIA. ..oveieieieceeee e e 255
Figure 5.29: Discriminating metabolite from extracts of A. solani inoculated on oat
media and incubated for 30 daYS.........ccovririiiiee e 256

Figure 5.30: A) OPLS-DA scores and B) loading plots of LC-HRMS of A. solani
extract obtain from different mediA.The encircled box indicated the discriminating
feature for each media extracts. R? = 0.80 and Q? = 0.52. The difference between
group R2X,[1] is equal to 18.0% and the difference within groups R?X[2] is 4.7%.

Figure 5.31: Structures of the discriminating bioactive metabolites from A. solani
extract obtained from potato dextrose media have been listed in Table 5.6. ........... 260

25|Page



Figure 6.1: Secondary metabolites previously isolated from A. ustus obtained from

the marine algae Codium fragile (Liu et al., 2013).......ccccovcviriiiieiiiieiie e 266
Figure 6.2: Secondary metabolites isolated from A. ustus obtained from the sponge

Suberites domuncula (Liu et al., 2009).......ccccceiieiiiiriieieeie e 267
Figure 6.3: Collected fractions BY FC. ..o, 268

Figure 6.4: Summary TLC plate for the pooled fractions using a solvent system
97:03 % of DCM:MeOH after spraying with anisaldehyde-sulphuric acid reagent 268
Figure 6.5: Biological activity for Buchi fractions of A. ustus at 30 pg/mL against
breast cancer cell line ZR-75. The red line indicates the bioactivity threshold, which
must be below 20% of cell VIability...........cccccveviiiiiiieice e 270
Figure 6.6: ICso for the bioactive fractions from A. USTUS. ........ccccceeverieiieeicninnennn 271
Figure 6.7: Stacked *H NMR spectra of the bioactive MPLC fractions with 1Csp <
5.5 ug/mL. The highlighted blue box suggested the present of di or sesquiterpenes

[0 (00 TSP 272
Figure 6.8: Stacked *H NMR spectra of the bioactive MPLC fractions with ICso
DEtWEEN 5.5-15 UG/ML. .ocviiiiiiiie e 272
Figure 6.9: (A) PCA scores and (B) loadings plots of the NMR spectral data of the
fractions. The R? and Q? values were 0.91and -0.04, respectively. .............cco.o...... 274
Figure 6.10: OPLS-DA scores (A) and loadings (B) plots of the NMR spectral data
of the MPLC fractions grouped according to their bioactivity against breast cancer
cell line ZR-75. R? and Q? values were 0.93 and 0.80, respectively. The difference
between group R?X,[1] is equal to 10.3% and the difference within groups R2X[2] is
1.5%. Encircled features on the loadings plot indicate the discriminating chemical

shifts for the biologically active fractions. ............ccccooeiieii i, 276
Figure 6.11: Permutation test (100 permutations) for A. ustus fractions for the
OPLS-DA model of their activity against breast cancer cell line ZR-75................. 277

Figure 6.12: Heatmap analysis of the NMR spectral data of the A. ustus fractions
generated by MetaboAnalyst®. The boxed fractions are those biologically active
against the breast cancer cell line ZR-75 along with the discriminating chemical
shifts unique to the anticancer fraCtions. .........cccooeiiiiiiiiiieeee e 278
Figure 6.13: VIP scores of A. ustus fractions from MetaboAnalyst®. The
highlighted yellow boxes show the discriminating chemical shift of the metabolites
found in the bioactive fractions against the breast cancer cell line ZR-75. ............. 279
Figure 6.14: PCA scores (A) and loadings (B) plots of the LC-HRMS data of A.
ustus fractions. Encircled features represent the discriminating ion peaks for the

outlier F16. The R? and Q? values were 0.71 and 0.35, respectively...................... 282
Figure 6.15: (A) OPLS-DA scores, (B) loadings, and (C) S-plots of the LC-HRMS
data Of A. USTUS TrACLIONS. .....cveeiieiiieie e 283

Figure 6.16: Total lon Chromatogram (TIC) of the active fraction. The ion peaks
that represent the discriminating features listed in Table 6.3 have been labelled.... 284

26|Page



Figure 6.17: Structures of the discriminating bioactive metabolites against breast
cancer (ZR-75) as predicted by OPLS-DA loadings S-plots as listed in Table 6.3.287
Figure 6.18: Heatmap analysis of the mass spectral data of the A. ustus fractions
generated by MetaboAnalyst®. The boxed fractions are those biologically active
against the breast cancer cell line ZR-75 along with the discriminating ion peaks
unique to the anticancer fraCtionS. ..........cccviieiieie i 288
Figure 6.19: (A) PCA scores and (B) loadings plot of the LC-HRMS data of A.
ustus purified subfractions. The discriminating features from each subfraction were
encircled in the figure, F11-29-6 and F11-23 encircled in red, F11-17 encircled in
blue, F12-11-2 and F12-6-5 encircled in orange and F11-11 and F11-12 encircled in

(8 =TT RO P PP 290
Figure 6.20: (A) OPLS-DA scores, (B) loadings and (C) S-plots of the LC-HRMS
data of A. ustus subfractions of the active fraction F11. .......c.ccccooviviiiiniiniinnnenn, 293

Figure 6.21: Structures of the discriminating of target bioactive metabolites against
breast cancer (ZR-75) as predicted by OPLS-DA loadings S-plots as listed in Table
6.4. compounds in the black box correspond to isolated compounds from A. ustus.

Figure 6.22: Total lon Chromatogram (TIC) of fraction 11. ...........ccccvvriivinnnnnn. 297
Figure 6.23: Schematic diagram for isolating the pure compounds from A. ustus
EXITACT. ..ttt n e b e nrre e 298
Figure 6.24: Stacked *H NMR spectra of subfractions from the fraction 11. The
highlighted subfractions were subjected for further analysis..............cccccevvevveneane. 300
Figure 6.25: Summary TLC plates for the fractionation of F11 using solvent system
75:25% of n-Hexane and EtOAc. TLC for subfractions 11 and 12 were shown in the

DIACK DOX. 1ttt ettt 301
Figure 6.26A: Chemical structure of compound F11-12..........ccccovevviieiieieiienn, 302
Figure 6.27: *H NMR spectrum of compound F11-12 in DMSO-ds measured at 500
1V 2SS 303
Figure 6.28: (*H-'H) COSY correlation NMR spectrum of compound F11-12 in
DMSO-de measured at 500 MHZ. ........cooiiiiii e 305
Figure 6.29: HSQC NMR spectrum of compound F11-12 in DMSO-ds measured at
500. Red correlations are CHs and CHzs while blue are CHoS. ... 306
Figure 6.30: HMIBC NMR spectrum and observed *H to *3C correlations of
compound F11-12 in DMSO-ds measured at 500 MHZ.........ccccooovvviiiiiinicienn, 307
Figure 6.31: Chemical structure of compound F11-11 ......c.ccoooviiiiiiininninennen, 309
Figure 6.32. Mass spectral data of F11-11 on the ion peak at m/z 617.513 [M+H] *.
.................................................................................................................................. 309
Figure 6.33: 'H NMR spectrum of compound F11-11 in DMSO-ds measured at 500
IVTHZ. ettt n ettt bbb n e ne et 310
Figure 6.34: (*H-1H) COSY correlation of the NMR spectrum of compound F11-11
in DMSO-de measured at 500 MHZ. ..o 311

27|Page



Figure 6.35: HSQC NMR spectrum of compound F11-11 in DMSO-ds measured at

500 MHz. Red correlations are CHs and CHass while blue are CHzs group............. 312
Figure 6.36: HMBC NMR spectrum of compound F11-11 in DMSO-de measured at
BO0 MHZ. ..ottt ettt ne et es 313

Figure 6.37: Stacked *H NMR for subfractions 13 to 18. Fractions concentration
was at 5mg/600ul in DMSO-ds measured at 500MHz. The highlighted subfraction

was subjected to further structural elucidation work. ............ccccceviveiiiieiiciicen, 316
Figure 6.38:TLC for subfractions 13 to 18 obtained from Reveleris FC using solvent
system 70:30% of n-Hexane and EtOAC. ......ccccceeiieiie i 317
Figure 6.39: Chemical structure of compound F11-17 .......ccccccoviiiiiiniininieeen, 318
Figure 6.40. Mass spectral data of F11-17 on the ion peak at m/z 407.256 [M+Na] .
.................................................................................................................................. 318
Figure 6.41: *H NMR spectrum of compound F11-17 in DMSO-ds measured at 500
IVTHZ. ettt bbbt 319
Figure 6.42: HSQC NMR spectrum of compound F11-17 in DMSO-ds measured at
500 MHz. Red cross peaks are CHs and CHzs while blue are CHaS. .......ccccvevvneene. 321
Figure 6.43: HMBC NMR spectrum of compound F11-17 in DMSO-ds measured at
500 MHZ. ..ottt ettt et ne et e 322
Figure 6.44: (*H-H) COSY correlation NMR spectrum of compound F11-17 in
DMSO-de measured at 500 MHZ. ........coo i 323
Figure 6.45: ROESY NMR spectrum and the essential correlation of F11-17 in
DMSO-d6 measured at 600 IMHZ. ........ccoeiiiiiiiiiece e 324

Figure 6.46: TLC for subfractions 20 to 32 from fraction 19 using solvent system
70:30% n-Hexane and EtOAc. Boxed in blue was SF 23, which was directly selected
for 2D NMR structure elucidation work and SF 29 that was subjected to further

preparative TLC purification SEPS. ......ccviieiieiiiic e 328
Figure 6.47 :Chemical structure of compound F11-23.........ccccoiiiiiiininiinieeen, 329
Figure 6.48. Mass spectral data of F11-23 for the ion peak at m/z 409.198 [M+Na] *.
.................................................................................................................................. 329
Figure 6.49: 'H NMR spectrum of compound F11-23 in DMSO-ds measured at 500
IVTHZ. ettt bbbttt bt 330
Figure 6.50: 3C JIMOD NMR spectrum of compound F11-23 in DMSO-ds measured
AL 500 IMHZ.....oe e b 331
Figure 6.51: HSQC NMR spectrum of compound F11-23 in DMSO-ds measured at
500 MHz. Red cross peaks are CH and CHz while blue are CHa. ....ccoovvvvvvivennee. 332
Figure 6.52: (*H-'H) COSY correlation NMR spectrum of compound F11-23 in
DMSO-de measured at 500 MHZ. ........coo i 333
Figure 6.53: HMBC NMR spectrum correlation of compound F11-17 in DMSO-ds
measured at 500 MHZ. ..o s 335
Figure 6.54: Drimane sesquiterpene nucleus Structure ...........ccoceevveviecieecie e, 335
Figure 6.55: ROESY spectrum and essential correlation of compound F11-23 in
DMSO-de measured at 600 MHZ. ........ccooiiiiiiie e 337

28|Page



Figure 6.56: Chemical structure of compound F11-29-8..........ccccccevviiieiiveiniinnnnn, 340
Figure 6.57. Mass spectral data of F11-29-8 at the ion peak m/z 397.162 [M+Na] *.

.................................................................................................................................. 340
Figure 6.58: *H NMR spectrum of compound F11-29-8 in DMSO-ds measured at
500 MHEZ. ... e 341
Figure 6.59: 'H-'H-COSY correlation NMR spectrum of compound F11-29-8 in
DMSO-de measured at 500 MHZ. .........cooiiiiiiieiin e 343
Figure 6.60: HMBC NMR spectrum and essential correlations to determine the
structure of compound F11-29-8 in DMSO-de measured at 500 MHz. ................... 344
Figure 6.61: HSQC NMR spectrum of compound F29-19-8 in DMSO-ds measured
at 500 MHz. Red correlations are CHs and CHzss while blue are CHas. .................. 345
Figure 6.62: ROESY spectrum and essential correlation of compound F11-29-8 in
DMSO-de measured at 600 MHZ. .........ccoovieveiiieiece e 346
Figure 6.63: Chemical structure of compound F12-11-2..........cccccvevvriieiiveieiinnnnnn 348
Figure 6.64. Mass spectral data of F12-11-2 at the ion peak m/z 419.2085 [M-H]".
.................................................................................................................................. 348
Figure 6.65: *H NMR spectrum of compound F12-11-2 in DMSO-ds measured at
500 MHZ. ..ottt ettt et ne et e 349
Figure 6.66: (*H-'H) COSY correlation NMR spectrum of compound F12-11-2 in
DMSO-de measured at 500 MHZ. ........coo i 351
Figure 6.67: HMBC NMR spectrum of compound F12-11-2 in DMSO-de measured
AL 500 IMHZ. ... 352
Figure 6.68: HSQC NMR spectrum of compound F12-11-2 in DMSO-ds measured
at 500 MHz. Red correlations are CH and CHz while blue are CHa.........cccovevvneene. 353
Figure 6.69: ROESY spectrum and essential correlation of F12-11-2 in DMSO-ds
measured at 600 MHZ. ..........ooiriiiiii s 354
Figure 6.70: PTLC methods for purification of SF29-6 from subfraction F11-29
using solvent system 50:50 % of n-Hexane and EtOAC. .......ccccevvveevveceneeieeriene 357
Figure 6.71: Chemical structure of compound F11-29-6..........cccccovvreiiiiniinennnen, 358

Figure 6.72. Mass spectral data of F11-12 at the ion peak m/z 493.183 [M+Na] *. 358
Figure 6.73: *H NMR spectrum of compound terretonin F in DMSO-ds measured at
500 MHZ. ..ot 359
Figure 6.74: HSQC NMR spectrum of compound terretonin F in DMSO-ds
measured at 500 MHz. Red cross peaks are CH and CH3 while blue are CHa........ 361
Figure 6.75: (*H-'H) COSY correlation NMR spectrum of terretonin F in DMSO-ds

measured at 500 MHZ. .......ocoooiie s 362
Figure 6.76: HMBC NMR spectrum of compound terretonin F in DMSO-ds
measured at 500 MHZ. ........ccoo i 363
Figure 6.77: ROESY spectrum and their essential correlation of compound
terretonin F in DMSO-de measured at 600 MHZ...........ccccooiiiiiiniiicieeeee e, 364
Figure 6.78: Effect of pure compounds isolated from A. ustus on ZR-75 and HS-27
cells at 30pg/mL. The red line indicates the bioactivity threshold. ....................... 368

29|Page



Figure 7.1: Schematic diagram of proposed biosynthesis of the isolated compounds
from chamomile varieties. Enzyme abbreviations: CHS, chalcone synthase; CHI,
chalcone isomerase; FNS, flavone synthase; F3H, flavanone 3-hydroxylase; F3’H,
flavonoid 3’-hydroxylase; F6H, flavanone 6-hydroxylase: FLS, flavonol synthase; 7-
OMT, 3-methylquercetin 7-O-methyltransferase; F6-OMT-, F6-O-methyltransferase;
ROMT-9, rice O-methyltrasnferase-9; 4CL, 4-hydroxycinnamoyl-CoA ligase; HCT,
hydroxycinnamoyl-CoA shikimate/quinate hydroxycinnamoyl transferase; HQT,
hydroxycinnamoyl CoA quinate hydroxycinnamoyl transferase; C3'H, p-coumaroyl
ester 3'-hydroxylase (Alcazar Magana et al., 2021, Han et al., 2016, Do et al., 2007,
Berim and Gang, 2013, Kim, 2006)..........cccccverueiiimiieiiesieeseesie e e esee e e sse e s 377
Figure 7.2:The proposed biosynthetic pathway of linoleic acid derivatives.
(Gajewski et al., 2017, Akpinar-Bayizit, 2014). Enzyme abbreviations; MGAT:
monoacylglycerol acyltransferase. ... 388
Figure 7.3: The proposed biosynthetic pathway of terpenoids derivatives (Dairi et
al., 2011). Abbreviation; isopentenyl pyrophosphate (IPP), dimethylallyl
pyrophosphate (DMAPP), farnesy! diphosphate (FPP). ........cccccoeiieviiieiicceeee 390
Figure 7.4: The proposed biosynthetic pathway of terpenoids derivatives (Yan et al.,
2022, Wenyu et al., 2022, Huang et al., 2021, Matsuda and Abe, 2016). The isolated
compounds from A. ustus are in the black box. Abbreviation; isopentenyl
pyrophosphate (IPP), dimethylallyl pyrophosphate (DMAPP), farnesyl diphosphate
(FPP), terpene cyclase B (DrtB), cytochrome P450 (DrtD), FAD-binding
oxidoreductase (DrtC), polyketide synthase (DrtA), dehydrogenase (DrtF), the
acyltransferase (DrtE), 3,5-dimethylorsellinic acid (DMOA), cytochrome P450

(Trt6), OblAAuU, ObIBAU and ObICAU are oXidases.........cccccvveveeieeiieerieseeseernenns 392
Figure 7.5: The chemical structures of bioactive congeners that are structurally
related to the isolated COMPOUNGS. ........cc.eiieiieiiiie e 393

30|Page



31|Page



Abbreviations

13C NMR Carbon NMR

'H NMR Proton NMR

4CL 4-hydroxycinnamoyl-CoA ligase
7-OMT 3-methylquercetin 7-o-methyltransferase
A549 human caucasian lung carcinoma
ACA acyl-CoA

AChE acetylcholinesterase

ACN Acetonitrile

ax axial

BLAST basic local alignment search tool
bp base pair

br broad

CE capillary electrophoresis

C3'H p-coumaroyl ester 3'-hydroxylase
CHI chalcone isomerase

COLO 20 human colon cancer cell line
COSY correlation spectroscopy

CYP cytochrome

d doublet

D20 deuterium water

DBE double bond equivalents

DCM dichloromethane

DCQA dicaffeoyl quinic acid

DH dehydrogenation with a dehydratase
DMAPP dimethylallyl pyrophosphate
DMOA 3,5-dimethylorsellinic acid
DMSO dimethyl sulfoxide

DNA deoxyribonucleic acid

DNP dictionary of natural products
DPPH 2,2-diphenyl-1-picrylhydrazyl
DrtA polyketide synthase

DrtB terpene cyclase B

DrtC FAD-binding oxidoreductase
DrtD, Trt6 cytochrome P450

DrtE acyltransferase

DrtF dehydrogenase

ELSD evaporative light scattering detector
eq equatorial

ER enoyl reductase

ER oestrogen receptor

EtOAC EtOAC

F3’H flavonoid 3’-hydroxylase

F3H flavanone 3-hydroxylase

32|Page




F6H flavanone 6-hydroxylase

F6-OMT F6-O-methyltransferase

FA fatty acid

FBS foetal bovine serum

FC flash chromatography

FDA The US Food and Drug Administration

FES F-fluoroestradiol

FLS flavonol synthase

FNS flavone synthase

FPP farnesyl diphosphate

GC-MS gas chromatography-mass spectroscopy

HCA hierarchical cluster analysis

HCT hydroxycinnamoyl-CoA shikimate/quinate
hydroxycinnamoy!| transferase;

HelLa human cervix adenocarcinoma

HepG2 lung cancer

HFF human foreskin fibroblasts

HIF pronounced hormogonium-inducing factor

hiPSC human induced pluripotent stem cells

HS-27 human foreskin fibroblast cells

HL-60 human leukemia

HMBC heteronuclear multiple-bond correlation

HMDB human metabolome database

HMQC heteronuclear multiple-quantum correlation

HPLC high performance liquid chromatography

HQT hydroxycinnamoyl CoA quinate hydroxycinnamoyl
transferase

HSQC heteronuclear single quantum correlation

IPP isopentenyl pyrophosphate

IPP isopentenyl pyrophosphate

ITS internal transcribed spacer

JMod J-modulated spin

K-562 leukemia cancer

KR ketoacyl reductase

L5178Y mouse lymphoma

LC-HRMS liquid chromatography-high resolution mass
spectroscopy

LCNMR liquid chromatography nuclear magnetic resonance

m multiplet

MA malt-agar

MCF-7 breast cancer

MeOH MeOH

MGAT monoacylglycerol acyltransferase

min minute

MPLC medium pressure liquid chromatography

33|Page




MWt MWt

NMR nuclear magnetic resonance

m/z mass to charge ratio

MS mass spectrometry

NOESY nuclear overhauser effect spectroscopy

O2PLS modified orthogonal projections to latent structures

OPLS-DA orthogonal partial least squares discriminant analysis

PC principal component

PC12 rat pheochromocytoma cell

PC-3 metastatic prostate cells

PCA principal component analysis

PCR polymerase chain reaction

PLS-DA partial least squares, or projections to latent structures-
discriminant analysis

PR progesterone receptor

prep-HPLC preparative high-performance liquid chromatography

PTLC preparative thin layer chromatography

q quartet

quint quintet

ROESY rotating-frame noe spectroscopy

ROMT-9 rice o-methyltrasnferase-9

ROS reactive oxygen species

rRNA ribosomal ribonucleic acid

S singlet

SIMCA soft independent modelling by class analogy

SKOV3 ovarian cancer cells

t triplet

TLC thin layer chromatography

UK United Kingdom

US United States

uv ultraviolet

VIP variable importance in projection

ZR-75 human caucasian breast carcinoma

34|Page




Abstract

Matricaria chamomilla belongs to the Asteraceae family that has been used for
treatment of several diseases. The metabolomic profile of this genus indicates the
occurrence of bioactive flavonoids and terpenes. Two endemic varieties of Jordanian
and European chamomile were compared to investigate differences in their
biologically active compounds. Additionally, the metabolomic profile of their
associated endophytes including Aspergillus ustus and Alternaria solani was also
studied. Both fungi are well-known for their capability to produce a wide range of
chemical metabolites that have biological activity. There is a clear and urgent need for
novel drugs with enhanced effectiveness for the treatment of breast cancer because it
is the second most common cancer in females. The toxicity of modern chemotherapy
and the resistance of cancer cells to anticancer drugs leads us to search for novel
therapies and preventative strategies for this insidious illness. A metabolomics-guided
approach was applied by using NMR and LC-HRMS as profiling tools. The spectral
data was processed using Xcalibur, MZmine 2.53, an in-house MS-Excel macro, and
the Dictionary Natural Products for dereplication studies. Biological activities were
tested using both AlamarBlue® and DPPH® assay to test their anticancer and
antioxidant activities, respectively. The European chamomile semi-polar extract had
antioxidant and anticancer activity against breast cancer cells ZR-75, while the
Jordanian semi-polar extract only exhibited antioxidant activity. After fractionation,
both varieties were found to contain dicaffeoyl quinic acid isomers that exhibited
antioxidant activity. Glucoferulic acid isolated from European chamomile displayed
antioxidant activity. However, the Jordanian variant exhibited the most potent
antioxidant activity (Table 3.6). European chamomile produced more metabolites,
which included chrysosplenetin and apigenin that had selective anticancer activity

(Table 3.7) against ZR-75 cells and were nontoxic against HS-27 cells

On the other hand, preliminary bioassay screening of the endophytic fungal crude
extract that was obtained from Jordanian M. chamomilla showed 80% growth
inhibition of ZR-75. The bioactive endophytes, A. ustus and A. solani, were
taxonomically identified using internal transcribed spacer gene sequencing. The fungi

were incubated on different media at 7-, 15-, and 30-day incubation periods. A. ustus
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was chosen for scale-up and isolation work because its extracts provided the most
potent activity (figures) against the breast cancer cells, but no antioxidant activity was
observed. A. ustus was scaled-up on potato-dextrose medium. However, Alternaria
solani was discontinued for further work due to loss of bioactivity during media
optimisation. After fractionation, seven compounds were isolated using 1D, 2D NMR
data and direct fusion mass spectroscopy including three drimane-sesquiterpenes
derivatives: 9a-hydroxy-6a[(2E,4E,6E)-octa-2,4,6-trienoyloxy]-5a-drim-7-en-11,12-
olide, ustusolate E and E,E-6-(6',7'-dihydroxy-2',4'-octadienoyl)-strobilactone A,
terretonin F, and ophiobolin K. Additionally, two linoleic-acid derivatives including
1',2-diolinolein and 3'-hydroxy-2'-(palmitoyloxy)-propyl (9Z,12Z)-octadeca-9,12-
dienoate. All the drimane sesquiterpenes derivatives were found to be active against
breast cancer cells (ZR-75) with an I1Cso less than 6 uM and found moderately toxic
on HS-27 cells and selective on ZR-75 cells (figures). Additionally, 3'-hydroxy-2'-
(palmitoyloxy)-propyl (9Z,12Z)-octadeca-9,12-dienoate and terretonin F were found
to be active against ZR-75 cells with 1Cso of 2.47uM and 4.66 puM, respectively. Both
were considered not toxic on HS-27 and selective on ZR-75 cells. None of the isolated

compounds from A. ustus exhibited antioxidant activities.

And so what is your conclusion

36|Page



1. Introduction

1.1. Drug discovery

Historically, drug research depends primarily on natural products as the major source
of medicines, which has had a significant impact on drug discovery and development
(Alamgir, 2017). The pathway to drug discovery divides into three branches. The first
approach is rational drug design, in which a medication is customised to its proposed
target (Mandal et al., 2009).The second method is combinatorial chemistry, in which
a large number of compounds are produced in silico to establish a combinatorial
library, which is then evaluated against the proposed target to select the most potent
and active compounds (Gallop et al., 1994, Liu et al., 2017). The third approach in
drug development is phenotypic screening of natural products. Phenotypic screening
permits the assessment of the activity of natural products at the cellular, tissue, or
whole-organisTRm level without previous knowledge of the molecular mechanism of
action of such natural products (Alvin et al., 2014).

The process of developing a new drug starting from target identification to final
product presentation and approval for public prescription by a governmental/local state
authority (e.g. FDA—Food and Drug Administration, EMA—European Medicines
Agency) takes 12-15 years, which costs companies millions of dollars (Mohs and
Greig, 2017). Preclinical development includes specific activities such as studies of
absorption, distribution, excretion, and metabolism, as well as screening for activity
on cytochrome P450 (CYP) liver enzymes, assay metabolites for acute pharmacology,
and in vitro toxicity (Pereira and Aires-de-Sousa, 2018). Then followed by clinical
trials, which include Phase I, II, and Il that comprises ethics review, in vivo

metabolism assessment, pharmacokinetic studies, and as a final step, it entails
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regulatory filings for new drug application (Hughes et al., 2011, Pereira and Aires-de-
Sousa, 2018).

1.2. Introduction to natural products

A natural product is any substance produced by living organisms, and there are three
basic types (Hanson, 2003). The first category includes small MWt primary
metabolites present in all biological systems. These include sugars, lipids, nucleic
acids, and amino acids as examples. In metabolism and reproduction, primary
metabolites are critical. The second category of metabolites has larger MWt than the
primary metabolites such as lignin, proteins, and celluloses, which is significant in
cellular structures. Secondary metabolites are the final category. Their function is
determined by the organism's interaction with its environment and other species,
whether through symbiosis or commensalism. Secondary metabolites are important
compounds to study because they may serve as pollinator attractants or as a defence
mechanism to protect organisms from predators and environmental stresses. Many
secondary metabolites have biological effects of their own and may offer significant
activity for medicinal applications (Hanson, 2003, Sarker and Nahar, 2012).

Natural products play an important role in the drug discovery. Plants have been used
for the treatment of different illness and diseases for thousands of years. Mainly,
secondary metabolites are responsible for the medicinal effect assumed in many
plants (Dias et al., 2012). Furthermore, natural product metabolites show a wide
range of chemical structures and biological activities (Dias et al., 2012). Most of the
active ingredients of medicine have been extracted from natural products or derived
from a natural compound, which is responsible to produce more than 80% of the

drug substances (Harvey, 2008).

For decades, plants had been the main source for the extraction of natural products.
However, with the emergence of new methodologies of isolation and purification, new
biologically active natural products are being discovered from other kingdoms. As an
example (Figure 1.1) , paclitaxel (Taxol®), widely used as a breast cancer drug, was
isolated from the bark of Taxus brevifolia (a plant), penicillin was derived from a

fungus Penicillium notatum discovered by Fleming in 1929 and plitidepsin was
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isolated from the Mediterranean tunicate Aplidium albicans (a marine invertebrate),
which is effective in treating various cancers (Cragg, 1998, Rinehart and Lithgow-
Berelloni, 1991, Urdiales et al., 1996, Abraham et al., 1992). Different therapeutic
indications have been described for various natural products that included anti-cancer,
anti-inflammatory anti-diabetic, anti-fungal, antiviral and antimicrobial agents
(Harvey, 2008).

Several types of plants have been investigated to study anti-cancer activity proving to
be useful in the treatment and prophylaxis of cancer. Moreover, some of the active
compounds from the plants seem to be safe and effective in different types of cancer
(Khan et al., 2019). For example, the active ingredients from Phaleria macrocarpa
(also known as Mahkota dewa) and Fagonia indica (also known as Dhamasa) have
historically been used for their anticancer properties (Shehab et al., 2011, Faried et al.,
2007). In cancer cells, apoptosis may be induced by using metabolites that have been
isolated from plant material. Gallic acid, which serves as the active component, was
isolated from the fruit extract of Phaleria macrocarpa and has been shown to have a
role in the activation of apoptosis in cell lines derived from lung cancer (LL-2),
leukaemia (HL-60RG), and colon adenocarcinoma (Caco2) (Sohi et al., 2003, Inoue
etal., 1994).

Natural products are still the most successful source of biologically-active lead
compounds, even when compared with advanced strategies such as high-throughput
screening of substances obtained through synthesis and combinatorial chemistry
(Chagas-Paula et al., 2015).
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Figure 1.1: Examples of compounds isolated from plant, fungi, and marine

invertebrates

1.3.  Natural products from plants in drug discovery

Plants play an important part in drug discovery by producing a variety of bioactive
compounds that are approved as medications by the Food and Drug Administration
(FDA). Natural compounds have been effectively used as drug precursors in the
development of more potent drugs, as well as pharmacological probes (Salim et al.,
2008). An example of a drug obtained from a plant is podophyllotoxin, which was
found in the resin that was extracted from Podophyllum peltatum L. The synthetic
derivative etoposide has been used to treat small-cell lung cancer and testicular cancer.

Epotoside is a topoisomerase Il inhibitor that binds tubulin and unravels
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deoxyribonucleic acid (DNA), resulting in the breakage of DNA strands during the G2
phase of the cell cycle and cell death (Baldwin and Osheroff, 2005). Another drug is
camptothecin, which is a quinoline alkaloid that was extracted from the bark and stem
of Camptotheca acuminate Decne (Nyssaceae). In Traditional Chinese Medicine, the
plant was used to treat cancer patients (Efferth et al., 2007). Camptothecin is an
inhibitor of topoisomerase | (Liu et al., 2000). However, it was found that it had poor
solubility and a high rate of adverse effects. Hence, two analogues, topotecan and
irinotecan were synthesised, which were later developed and used in cancer treatment
(Balunas and Kinghorn, 2005). Russian researchers extracted galantamine from
Galanthus woronowii Losinsk and developed it against Alzheimer's disease.
Galantamine has a dual mechanism of action. It works by inhibiting
acetylcholinesterase (AChE) and modulating the nicotinic acetylcholine receptor,
which slows down the neurological degeneration process (Aly et al., 2011a). Another
drug is artemether, which is used to treat acute malaria. It is a derivate of artemisinin,
which is a sesquiterpene lactone derived from Artemisia annua L (Van Agtmael et al.,

1999). All the above compounds were shown in Figure 1.2.
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Figure 1.2: FDA-approved medications derived from plant natural products

1.4.  The role of endophytes in the production of secondary metabolites

In 1866, Heinrich Anton, a German botanist and microbiologist, first introduced the
word "endophyte” (Nisa et al., 2015). Endophytes are microorganisms that colonise
intercellular and intracellular sections of healthy plant tissues without causing obvious
damage or activating defense responses (Yu et al., 2010, Alvin et al., 2014, Kusari et
al., 2014, Reinhold-Hurek and Hurek, 2011) These microorganisms are often fungi.
However, they might also be bacterial such as actinomycetes (Nisa et al., 2015,
Bhimba et al., 2012, Shah et al., 2017). Plants serve as a source energy for a variety
of endophytes that may be found in almost all plants, from herbs to trees and to algae

(Strobel and Daisy, 2003, Samaga and Rai, 2016). Bioactive agents which have been
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derived from fungal endophyte are responsible for different beneficial activities
including anticancer, antiparasitic, anticancer agents, agrochemicals, antibiotics,

Immune suppressants and antioxidants (Strobel, 2003, Gunatilaka, 2006)

Basically, endophytic-plant symbiosis is not the sole symbiosis between plants and
fungi. Mycorrhizal and endophytic fungi are the two subtypes of fungus-plant
symbioses. The term "mycorrhiza™ refers to a fungus that has a symbiotic interaction
with plant roots, while "endophyte™ refers to a fungus that lives within above-ground
plant tissue and does not damage the plant. Mycorrhizal associations are more
prevalent than endophytic associations and include the interaction between the plant,
mutualistic fungus, and soil components. Mycorrhizal interactions are often non-
pathogenic and the exchange of chemical signals between the root of the plant and the
mycorrhizal fungus may stimulate the synthesis of specific metabolites by the plant
(Yuan et al., 2007). In contrast, endophytic interactions are more complex and often
occur in the above-ground portions of plants. Nevertheless, roots may also contain
endophytes (Yuan et al., 2007). In the case of endophytic-plant associations,
metabolites may be produced by the endophyte, by the plant because of endophytic
eliciting factors that induce the production in the plant tissues, or by complex
interactions between the endophyte and the plant that result in structural modifications
or partial synthesis of the compound produced by one life form by the other (Ludwig-
Muller, 2015, Wani et al., 2015).

Endophyte-plant interactions have recently attracted researchers due to their potential
to provide promising candidates and novel metabolites for drug development (Aly et
al., 2010, Strobel and Daisy, 2003). Endophytes associated with plants are becoming
more popular as a source of biochemical variation. Moreover, endophytes'
involvement in protecting plants from dangerous microorganisms and pathogens might
be used to develop novel medicines and anti-infectives. Also, since the endophyte lives
in a eukaryotic system, the produced substances may minimise cell toxicity (Strobel
and Daisy, 2003, Chadha et al., 2015). Endophytes' interaction with their environment
may also allow them to develop unique secondary metabolites (Schulz et al., 2002)
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1.5. Plant-endophyte interactions

Endophytes do not cause any damage to their hosts, and their relationship with the
plant is mutually beneficial (Grayer and Kokubun, 2001). Despite this, not all plant-
microbe interactions are endophytic in nature. These interactions might be harmful,
saprophytic (when an organism lives and feeds on decomposing organic matter to gain
nutrition for growth), or helpful to the plant, depending on how they affect the plant's
health. The interaction between plants and endophytes have been suggested to be more
than 400 million years, as shown by the discovery of plant-associated microorganisms
in fossilised stems and leaves of plants (Taylor and Taylor, 2000, Rodriguez and
Redman, 2008). There is speculation that a horizontal genetic information transfer
occurred between host plants and endophytes (Stierle et al., 1993). This process
include the movement of genetic information between organisms, which is responsible
for the evolution of pathogens and contributes to the spread of antibiotic resistance
genes among bacteria (with the exception of those that are passed down from parent
to offspring) (Burmeister, 2015). So, it is possible that the same biosynthetic pathway
has evolved in both the host plant and the endophyte, ensuing the synthesis of
secondary metabolites that are comparable in both species (Alvin et al., 2014, Bémke
and Tudzynski, 2009).

Understanding the behaviour of microbes and their interactions in their natural and
diverse environments and interactions between plants and endophytes is challenging.
The identification of the plant by microbes is the initial stage in the process of plant-
microbe interaction. Initiating a plant's reaction to microorganisms is the key for
interaction to take place. This recognition might be accomplished by a physical contact
involving adhesins, fimbriae, or flagella, or it could be accomplished through a
chemical interaction involving the utilisation of signalling substances (Hardoim and
Van Elsas, 2013, Lugtenberg et al., 2002). Then, spore germination, endophyte
penetration of the epidermis, and endophyte colonisation of plant tissues will occur.
Good colonisation involves a strong defence by the microbe's cells, an effective intake
of nutrients, and the weakening or eradication of other organisms seeking to colonise
the same plant (Lugtenberg et al., 2002, Nisa et al., 2015, Sieber, 2007). Additionally,

phase variation may play a role in evading the host's immune system. Finally, the
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microorganism will initiate the creation of extracellular enzymes and secondary
metabolites (Lugtenberg et al., 2002). Endophytic fungi and bacteria lack chlorophyill,
so they have lost the capacity to make photosynthesis. As a result, they spend all or a
part of their life cycles colonising host organisms, particularly plants, for their carbon
and energy sources without causing an obvious illness (Behie et al., 2017, Grayer and
Kokubun, 2001, Nisa et al., 2015). On the other hand, plants also benefit from the
secondary metabolites that the endophytes produce. It was hypothesised that secondary
metabolites produced by a plant's colonised endophytes contribute to the plant's ability
to respond to biotic and abiotic stress conditions (such as drought) (Giordano et al.,
2009).

As a result of this symbiotic interaction with its endophytes, a plant's biological
defense against diseases is developed (Alvin et al., 2014). The endophyte releases
antibacterial, antifungal, antiviral, or insecticidal secondary metabolites, which would
directly attack pathogens and lyse the affected cells, or by the induction of the plant's
defence mechanism and promotion of its growth to compete for cell apoptosis, thereby
enhancing the growth and competitiveness of the host plant in nature (Strobel, 2003,
Berg and Hallmann, 2006, Nisa et al., 2015, Alvin et al., 2014). Furthermore, the
secondary metabolites produced by endophytes might assist the host plant to adapt
harsh environmental circumstances (Aly et al., 2008). The synthesis of phytohormones
by endophytes helps to stimulate the growth of plants (Owen and Hundley, 2004).

1.6. Plant-endophyte interactions uses and benefits

The secondary metabolites generated by endophytes and engaged in the host-
endophyte interaction have considerable promise for drug development and have
shown to be a promising source of medicinal natural products (Geris dos Santos et al.,
2003, Verma et al., 2009, Nisa et al., 2015). Furthermore, the endophytic secondary
metabolites play an important role as antibiotics, anticancer agents, antioxidants, and
anti-inflammatory agents that has incorporated their role in drug discovery (Chow and
Ting, 2015, Sudha et al., 2016, Zhang et al., 2016).

Several studies have shown that the inoculation of in vitro-grown plants with

endophytic fungus increases biomass and the generation of secondary metabolites in
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plant suspension cells (Mucciarelli et al., 2003, Sherameti et al., 2005). Furthermore,
coculture of various endophytes may promote the expression of silent gene clusters
(under laboratory conditions, these clusters remain silent and inactivated) that may
allow for the synthesis of novel and biologically active metabolites or for the
stimulation of the production of known metabolites and the increase of their yield (Ola
etal., 2013).

In addition, some of the novel and biologically active secondary metabolites occurred
as a minor component. So, this issue might be overcome by overexpressing of their
biosynthetic gene clusters (clustered group of genes involved in the production of
secondary metabolites ) in cultivable organisms such as endophytes (Kalaitzis, 2013,
Nah et al., 2013, Stevens et al., 2013).

1.7. Obstacles to work with plant-associated endophytes

On the other hand, plant-associated endophytes provide a few challenges that must be
addressed to fully understand their function. First and foremost, it is critical that the
fungal endophyte be appropriately identified. This may not always be a simple process
since many fungi display various anamorphs (asexual reproductive cycle) and
teleomorphs (sexual reproductive cycle) in plants and in vitro (Wiklund, 2008).
Consequently, for fungal endophytes, traditional taxonomic identification is
insufficient, which is based on the observable morphological characteristics.
Meanwhile, sequencing of the internal transcribed spacer (ITS) region ribosomal
ribonucleic acid (rRNA) is required to make an accurate identification (Gardes and
Bruns, 1993, Horton and Bruns, 2001, Kusari et al., 2014). ITS is a segment of non-
functional RNA found between structural ribosomal RNAs (rRNA) of a common
precursor transcript, which is particularly beneficial for clarifying relationships
between congeneric taxa and closely related genera (Hao et al., 2010). The ITS region
has several advantages over other regions, including the fact that only a small amount
of it is required for amplification because it contains well-conserved fungal specific
priming sites that are directly adjacent to highly variable regions, which allows the use
of the same primers to identify different genera and species, the availability of
comparison sequences, and its correlation with morphologically defined species (Peay

et al., 2008). When it comes to bacterial endophytes, however, it is thought important
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to do a 16S rRNA-based phylogenetic analysis (Hentschel et al., 2001, Macintyre et
al., 2014).

It is also challenging to maintain the expression of biosynthetic genes, which are
essential for the creation of new bioactive secondary metabolites under certain
fermentation conditions. The production of secondary metabolites could be reduced
during repeated sub-culturing, which is particularly true when monoculture methods
are used. Since such conventional culture conditions do not stimulate the expression
of specific endophyte cryptic gene clusters, the endophyte's synthesis of secondary
metabolites will be less diversified than anticipated (Kusari and Spiteller, 2011, Kusari
et al., 2014, Scherlach and Hertweck, 2009).

1.8. Matricaria chamomilla, Chamaemelum nobile. Asteraceae

1.8.1.Botany

Chamomile is a flowering plant, which has been used in traditional folk medicine for
centuries, and it is widely distributed around the globe (Singh et al., 2011). It is
commonly referred to as the star amongst medicinal plants (Schilcher, 1987). There
are two varieties of chamomile: the German and Roman chamomile scientifically
known as M. chamomilla and Chamaemelum nobile, respectively. Chamomile is a
member Asteraceae or Compositae family, which is traditionally known for its healing
applications (Srivastava and Gupta, 2015). Two endemic varieties of chamomile
belonging to the same genera and growing in different environmental conditions were
compared to find differences in their biological active compounds. These varieties

include Jordanian and European chamomile that were identified as M. chamomilla.

Chamomile contains around 120 different secondary metabolites. The most important
metabolites includes sesquiterpenes, flavonoids, coumarins, and polyacetylenes, those
compounds families have proved to exhibit different biological activities (Pirzad et al.,
2006).

1.8.2.Chemical Composition

Chamomile contains 0.2-2% of volatile oil, the major components are essential oil and
flavonoids, which have several biological activities. Apigenin and its glycosides are

the most promising flavonoids (Schilcher, 1987). Some of the flavonoids identified in
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M. chamomilla, such as apigenin, luteolin, and apiin, are also present in Roman
chamomile, as are phenolic carboxylic acids (caffeic, ferulic), coumarins, and
thiophene derivatives (Singh et al., 2011). The main components of essential oil were
chamazulene, cis-p-farnesene, eucalyptol, coumarin, galaxolide, and camphor (Bémke
and Tudzynski, 2009). German chamomile flowers contain a higher concentration of
terpenoids and chamazulene (a deep blue volatile principle) than Roman chamomile
flowers, while the latter generates more ester-like compounds. (Srivastava et al.,
2010).

The major part for producing essential oil are flowers and flower heads. Sesquiterpene
derivatives (75-90%) are dominant in chamomile flower oil, whereas monoterpenes
are rare. Polyenes make up to 20% of the oil. The main components of the essential
oil isolated from the flowers are (E)-farnesene, terpene alcohol (farnesol),
chamazulene, a-bisabolol and bisabolol oxides A and bisabolol oxides B (Isaac, 1979,
Schilcher, 1987, Barton et al., 1999). The plant's leaves, stem and root also contain
essential oils. Earlier studies showed the presence of (Z)-3-hexenol, (E)-farnesene,
germacrene D, (E)-nerolidol, spathulenol, hexadec-11-yn-11,13-diene, and (Z)- and
(E)-en-yn-dicycloethers in leaves and stem. While the root oil included linalool, nerol,
geraniol (Reichling et al., 1979). These oils had no chamazulene or bisabolol, however
its oxides were the minor components (Singh et al., 2011). Secondary metabolites

isolated from German and Roman chamomile are shown on Figure 1.3.
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Figure 1.3: Secondary metabolites isolated from German and Roman chamomile.
(Bomke and Tudzynski, 2009, Isaac, 1979, Schilcher, 1987, Barton et al., 1999,
Reichling et al., 1979).

1.8.3. Medicinal uses and application

Historically, chamomile has been used for the treatment of several ailments including

stomachics, carminatives, gingivitis, diuretic, anti-inflammatory, aromatic, acute
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respiratory infection, common cold, irritable bowel syndrome, skin problems,
dysmenorrhea, hemorrhoids, indigestion, insomnia, nausea, vaginitis, and for topical

application (Tawfike et al., 2013).

1.9.  Metabolomics approach

1.9.1. Introduction to metabolomics

The term "metabolome™ was first used in 1998, according to historical records (Oliver
et al., 1998). High Resolution Liquid Chromatography Mass Spectrometry (HR-
LCMS), Gas Chromatography Mass Spectrometry (GCMS), and Liquid
Chromatography Nuclear Magnetic Resonance (LCNMR) are hyphenated analytical
techniques used in metabolomics research (Dunn et al., 2005). These techniques are
combined with available databases such as The Human Metabolome Database
(HMDB), METLIN, the Golm metabolome databases in conjunction with cutting-edge
chemometric tools such as MZmine, MZmatch, and MetaboLab. Data is statistically
analysed using multivariate software such as SIMCA or a freeware like Metaboanalyst,
which allows simple pattern recognition (Horai et al., 2010, Hummel et al., 2007,
Wishart et al., 2007, Smith et al., 2005, Kind et al., 2009). Integration of these
approaches and methodologies has shown metabolomics to be an efficient and robust
tool for drug discovery research.

Metabolomics is a discipline that focuses on identifying and fully analysing the
changes in low-molecular-weight metabolites in biological systems. These metabolites
are a diverse set of compounds that serve as building blocks for a variety of biological
components or play critical roles in various cellular functions, including enzyme
regulation and cell signalling. Metabolomics is extensively used to discover
biomarkers for medical diagnostics and prognosis, to understand disease evolution
processes, and to identify new therapeutic targets (Lin et al., 2010, Johnson et al.,
2016).

Metabolomics is classified as either targeted or untargeted (Figure 1.4). Targeted
metabolomics is aimed to investigate a pathway and analyse at length the impact of a
target metabolite as a biomarker (Griffiths et al., 2010, Patti et al., 2012). An
untargeted approach, on the other hand, examines as many metabolites as possible in
a biological sample without prioritising any certain pathway, enzyme, or biomarker
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(Patti et al., 2012). Metabolomics has been adopted as an analytical platform in a wide
range of research fields, including ecology (Lankadurai et al., 2013), biomedical and
systems biology (Weckwerth, 2003), toxicology (Ramirez et al., 2013), nutrition and
food science (Wishart, 2008), herbal products (Sun et al., 2012), and most recently in
natural products research (Tawfike et al., 2013, Robinette et al., 2012).
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Figure 1.4: Schematic diagram for metabolomics approach A) metabolomic targeted approach B) metabolomic untargeted approach.
Figured adapted from (Patti et al., 2012).
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The metabolome is a genomic end-product that defines the complete quantitative
group of small MWt compounds (metabolites) present in a cell or organism that
participate in metabolic processes (Dunn et al., 2005). When compared to genes and
proteins, whose function is subject to epigenetic regulation and 54 post-translational
modifications, respectively, metabolites are small molecules that are chemically
transformed during metabolism, providing functional information of cellular state and
serving as direct signatures of a biochemical activity. As a result, they are easy to

correlate with phenotypes (Patti et al., 2012).

Metabolomics is one of the omics cascades, which includes genomics, proteomics,
and transcriptomics that intends to qualitatively and quantitatively characterise the
metabolome by using different analytical platforms and methodologies (shown in
Figure 1.5 (McMurray et al., 1989). In addition to the other omics techniques,
metabolomics plays a crucial role in integrating genotype-phenotype data (Lopes et
al., 2017).

53|Page



DNA Genome

i

RNA W transcriptome

proteome

i

metabolite ﬁ, N metabolome
N
ﬁ—‘&
ah

“ phenotype

Protein

Figure 1.5: The omics cascade. The metabolome is the most representative of the
phenotype. Adapted from (Haukaas et al., 2017)

1.9.2. Tools of spectral analysis

It is difficult to identify and quantify metabolites in natural product extracts (Kjer et
al., 2010, Ebada et al., 2008). This is because the secondary metabolites have various
atomic  arrangement, resulting in  different chemical and physical
characteristics.  Identifying and measuring different chemical groups of natural
products requires reliable, robust, selective, and high-resolution analytical tools.
liquid chromatography-mass spectroscopy (LC-MS) and nuclear magnetic resonance
(NMR) spectroscopy are complementary analytical methods that are used as
metabolomics tools. MSis sensitive, but it may not be reproducible depending on the
instrument type and ionisation capabilities of the metabolites. It is also advantageous
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for elucidating unknowns by multiple MS fragmentation. Whereas, NMR data are
more reproducible, but it may not be sensitive enough to identify metabolites at low
quantities (Tawfike et al., 2013). The most common metabolomics approaches are
LCMS and NMR (Villas-Boas et al., 2005) and the obtained spectral dataset is further
processed using different software such as MZmine, MetAlign, MestReNova, XCMS,
MS-DIAL and MathDAMP (Katajamaa and Oresic, 2005, Lommen, 2009, Smith et
al., 2005, Baran et al., 2006, Tsugawa et al., 2015). Respective software can be
coupled with online or commercially available libraries and databases like the
Dictionary of Natural Products (DNP (Informa, 2021)), ChemSpider (Pence and
Williams, 2010), MarinLit (Blunt et al., 2012) or an in-house custom database to
dereplicate secondary metabolites, which include separation and purification of novel
secondary metabolites against natural products (Harvey et al., 2015, Macintyre et al.,
2014). Then the processed data is further subjected to multivariate statistical analysis
applying either unsupervised clustering such as partial component analysis (PCA) that
aims to compress co-varying data from an X matrix into a smaller set of independent
(orthogonal) latent variable or supervised clustering such as orthogonal partial least
squares discriminant analysis (OPLS-DA) that provide information on the putative
bioactive metabolite at the first fractionation step or detect putative biomarkers in a
cellular process (Nejadgholi and Bolic, 2015, Robotti and Marengo, 2016, Morlock et
al., 2014). Many commercial or online databases are available for metabolomics
research. For example: Dictionary of Natural Products has over 260 000 metabolites
and the Dictionary of Marine Natural Products contains over 48 000 (Informa, 2021),
ChemSpider (Pence and Williams, 2010), MarinLit (Blunt et al., 2012), which has
about 58 000 compound for marine natural products. AntiBase (Laatsch, 2011) is a

database used for microbial metabolites and supported the dereplication strategy.

1.9.3. MS analysis

MS is used for identification and/or quantification of different classes of metabolites
and characterised by their mass to charge ratio (m/z) (Becker et al., 2012). A mass
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spectrometer consists of a sample inlet, an ion source, a mass analyser, and a detector
with functions that introduce the sample into the mass spectrometer, generating gas-
phase ions through an ionisation technique, separating the ions according to their m/z
value, and generating an electric current proportional to the abundances of the incident
ions (Becker et al., 2012). Metabolite identification and quantification are now
possible with the development of capillary electrophoresis (CE), gas chromatography
(GC), and high-performance liquid chromatography (HPLC). The use of MS in
metabolomics has several important benefits. It is highly sensitive to detect and
identify metabolites from a small volume of samples. Employing high resolution mass
measurements afford ease in mass spectral data interpretation and molecular formula
prediction (Lindon et al., 2000). In contrast to NMR spectroscopy, however, MS is a
destructive, meaning that the sample cannot be recovered once it has been analysed
(Lindon et al., 2000, Wishart et al., 2009).

1.9.4. NMR spectroscopy

NMR spectroscopy is a method that is frequently applied in metabolomics research.
This method has many advantages that include the following: it is specific while at
the same time non-selective; it is non-destructive; it does not require separation or
derivatisation; it is quick; and it provides highly reproducible and quantitative results
(Wishart, 2016, Dunn et al., 2005, Viant et al., 2003). The NMR spectrum is unique
to each compound and provides unique structural information about the parts of the
sample being studied by combining the information on chemical shift (nature of
chemical environment), signal multiplicities (neighbouring signals), homonuclear and
heteronuclear coupling constants, integral of the signal (number of protons), spin-spin
coupling (number and nature of neighbours and connectivity information (Dunn et al.,
2005, Dona et al., 2016).

Although the one-dimensional proton (1D-'H) NMR is the most common type of
NMR experiment. There are currently other NMR techniques that can be performed

that provide additional chemical and structural information, which include COSY
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(homonuclear correlation spectroscopy), HSQC (heteronuclear single quantum
coherence), HMBC (Heteronuclear Multiple Bond Correlation), and ROESY
(Rotating-Frame NOE Spectroscopy) spectral datA.The COSY spectrum indicates
which H atoms are coupling with each other. While HSQC and HMBC indicate
correlation between *H nmr spectrum on one axis and the **C nmr spectrum on the
other by direct bond correlation and two to four bonds correlation, respectively. On
the other hand, ROESY indicate proton to proton coupling in the space. These
techniques are useful in situations where the *H NMR is unable to provide enough
data to completely characterise the metabolite (Villas-Boas et al., 2005, Viant et al.,
2003).

1.9.5. Chemometrics and multivariate analysis

A multivariate statistical analysis of the processed data could be performed for data
pattern visualisation. The analysis was done by using unsupervised clustering such as
PCA, or hierarchical clustering (HCA), soft independent modelling by class analogy
(SIMCA),or PLS, PLS-DA and OPLS-DA as well as modified orthogonal projections
to latent structures (O2PLS) (Nejadgholi and Bolic, 2015, Robotti and Marengo, 2016,
Morlock et al., 2014, Wiklund, 2008).

PLS can be used to discriminate between two classes such as healthy versus diseased
states to target biomarkers for diagnosis and treatment. It can also be used to
discriminate between bioactive versus inactive natural products to pinpoint secondary
metabolites responsible for specific bioactivity. This approach is an expansion of the
supervised PLS regression method that incorporates a new component, the orthogonal
signal correction filter (OSC), which allows systemic variation in X that is orthogonal
to or uncorrelated to Y to be recognised OPLS-DA (Figure 1.6) give the information
on the putative bioactive metabolite either at the first fractionation step or in a cellular
process (Wold et al., 1987). All the multivariate approaches are summarised in Table
1.1.
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Table 1.1: Some of the analysis used in multivariate approaches (Wiklund, 2008).
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Figure 1.6: Score plots for PCA and OPLS-DA approaches.

Processed MS and NMR data results to a matrix of signal intensities, which can be
employed for statistical analytical tools (Spicer et al., 2017). Using PCA that is
considered the first step in metabolomics data analysis and an exploratory and
visualisation method (Figure 1.6). This analysis provides an overview of the
variability of the dataset when the samples are grouped based on similarity or
differences within the group of samples, allowing for more accurate interpretation of
the results. This makes it possible to identify patterns, groups, and outliers (Wold et
al., 1987, Dona et al., 2016).

PCA uses two types of plots, the scores plot and the loadings plot. The scores plot
summaries the observations (each point represent individual sample). Whereas the

loadings plot provides the information about the variable that have the greatest impact
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on the positioning of the samples in the scores plot and are responsible for the
clustering of samples, as shown in Figure 1.7 (Geladi, 2003).
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Figure 1.7: PCA scores and the loadings plots.

Supervised pattern recognition approach is used after PCA analysis to maximise
separation between different groups of samples and to find metabolic signs that
contribute to classification (Dona et al., 2016). OPLS-DA is the most widely used
supervised technique, it gives the same predictive power as PLS but a better
interpretation of the important variables than PLS. This technique gives information

on the factors that contribute to class separation (Bylesjo et al., 2006).

The manual-based structural elucidation approach is a sophisticated, time-consuming,
and difficult process. The information gained from 1D and 2D NMR data, as well as
information from metabolite databases such as DNP and AntiMarin, is combined to
accomplish reliable metabolite identification in this manner (Dona et al., 2016). The
majority of the metabolites detected by NMR spectroscopy and MS were identified
using information accessible in a variety of databases; however, some of the
metabolites were unknown, unidentified, or really unique, which made the elucidation

process more challenging (Dona et al., 2016).
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1.9.6. Applications of metabolomics in natural products research

Metabolomics has made significant contributions in finding natural products for drug
discovery. Metabolomics has brought several crucial applications, such as tracking
novel compounds and active metabolites or optimising the production of secondary
metabolites. It is possible to employ both PCA and OPLS-DA to guide the separation
of compounds and the prioritisation of fractions for future work isolation, so saving
time and resources while directing the effort toward the isolation of novel and
bioactive compounds (Tawfike et al., 2013, Harvey et al., 2015, Covington et al.,
2017). This is based on the ability of metabolomics to compare and screen secondary
metabolites, identifying outliers, differences, and biomarkers among experimental
groups either they were of different sources or different fractions related to the same
source. This will help in tracking the production of novel and bioactive target
metabolites and/or biomarkers that become accessible at the earlier stages of the work
(Tawfike et al., 2013, Wu et al., 2015). Later, this biomarker is separated, and its
structural information provided by the NMR or LC-HRMS is used to compare it with
the dereplication database (Wu et al., 2015). 2D NMR and fragmentation patterns in
MS/MS spectra in conjunction with molecular networking assessment might be
utilised to identify the chemical if the core structure is known but the functional groups
are unknown. Even if its nucleus is unique, a complete de novo NMR structural

analysis is required (Tawfike et al., 2013).

It is also possible to use metabolomics throughout the scaling-up process to optimise
fermentation conditions and to identify and maintain the synthesis of interesting
secondary metabolites (Tawfike et al., 2013, Schulz et al., 2002). As fermentation
conditions are changed, a metabolomics approach can monitor metabolic production.
This enables metabolomics to be used as a quality control tool (Tawfike et al., 2013,
Wu et al., 2015, Toya and Shimizu, 2013). Metabolomics might potentially be utilised
as a technique for phytomedicine quality control. Variations across species,

adulteration, environmental changes, post-harvest treatment, and extraction may all
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result in a distinct metabolite profile and have a considerable impact on the
effectiveness of phytomedicines. All these modifications might be recognised using
PCA (Yuliana et al., 2011). Moreover, metabolomics can be utilised to correlate the
chemical profile and bioactivity pattern of some phytomedicines in which the activity
is the consequence of synergy between several individually inactive chemical
constituents. The bulk of chemical constituents is monitored to ensure that biological
activity is maintained (Yuliana et al.,, 2011). Moreover, it is possible to mine
metabolomics data to discover biosynthetic precursors that may be employed to

promote the synthesis of a certain functional novel product (Harvey et al., 2015).
1.10. Hypothesis and aims of the study

According to the World Health Organization, cancer is the second leading cause of
death worldwide, accounting for 9.6 million deaths in 2018. Breast cancer in women
is the second highest cancer incidence among different type of cancer (Bray et al.,
2018). Despite enormous attempts to develop effective chemotherapy drugs, toxicity
and selectivity remain enormous issues. The toxicity of modern chemotherapy and the
resistance of cancer cells to anticancer drugs leads us to search for novel therapies and
preventative approaches for this insidious illness. Breast cancer was chosen as the
primary focus of this research and antioxidant activity was added as a second target
to study the ability of the isolated compounds to reduce free radicals in cancer.

First hypothesis: The metabolomics approach will enable the comparison of the
chemical and biological diversity between Jordanian and European chamomile that
could be correlated to their anticancer activity against breast cancer and antioxidant

activity.

Second hypothesis: In the search for anticancer for breast cancer and antioxidant
agents from Jordanian chamomile-associated endophytes, a metabolomics approach
will pinpoint the biologically active compounds in the first fractionation step. Time

for isolation work would be more efficient compared to the standard bioassay-guided
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isolation method, in which all fractions should be tested for biological activity after
each fractionation stage resulting to lower yields for the target active compounds. The
compounds that have been identified and classified by multivariate analysis will be
targeted for isolation, structural elucidation, and their bioactivity will be statistically
pre-determined. Furthermore, dereplication at an early stage will aid in the isolation

of novel molecules.

The aim of this study is to isolate anticancer and antioxidant compounds from
European, Jordanian chamomile and its associated endophytes. The studied
chamomile plant was M. chamomilla. M. chamomilla revealed several biological
activities including antioxidant, antibacterial, antifungal, anti-parasitic, insecticidal,
anti-diabetic, anti-cancer, and anti-inflammatory activities. These properties enable
me to study anticancer and antioxidant activities of both Jordanian and European
chamomile of same species. In addition to study anticancer against breast cancer,
antioxidant activity was measured to help prevention of cancer as it decreases the free
radical and decreases the incidence of cancer. Furthermore, metabolomics was
implemented to find the variation of metabolic profile for both chamomile varieties
growing in different environment condition. Further analysis was done on Jordanian
M. chamomilla associated endophytes to find novel compounds with anticancer and

antioxidant activites. The following objectives were carried out:

1. For European chamomile and Jordanian chamomile.

a. To solvent partition the crude extract to polar, semipolar and non-polar
extracts.

b. To screen for anticancer activity against breast cancer cells and antioxidant
activity using DPPH assay

c. Toimplement NMR and LC-HRMS to dereplicate target biologically active
compounds.

d. To chromatographically fractionate the targeted active compounds.

e. To identify the isolated compounds by 1D NMR, 2DNMR and LC-HRMS.
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f. To assay the isolated targeted compounds for anticancer activity against
breast cancer cell, cytotoxicity against normal cells and for antioxidant

activity.

2. For Jordanian M. chamomilla associated endophytes

a. To isolate fungal endophytes from the studied plants and identify them
using ITS gene sequencing.

b. To screen the fungal extracts for anticancer activity against breast cancer
cell and antioxidant activity.

c. To optimise the media for scaling-up each of the endophytic fungus that
would facilitate the best yield, the most chemically diverse extract, and
the most potent biological activity.

d. To employ a metabolomics-bioassay guided approach to pinpoint the
biologically active compounds during media optimisation work prior to
scaling-up.

e. To chromatographically fractionate and isolate the targeted anticancer
active compounds.

f. To elucidate the isolated and purified compounds using 1D NMR,
2DNMR and LC-HRMS.

g. Totestthe isolated compounds against anticancer activity on breast cancer
cells and for cytotoxicity against normal cells.
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Figure 1.8: The workflow for isolating the bioactive metabolites from European, Jordanian chamomile and its associated

endophytes
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2. Materials and methods

2.1. Jordanian and European chamomile plant extraction

2.1.1. Materials and equipment

Table 2. 1: Materials and equipment used in the experiments

Materials and
equipment

purpose

Origin place

Magnetic mixer

Vortex Genie 2

multi-purpose
mixing or
solubilisation
either during
plant extraction
or sample
preparation

Stuart, Stone, UK

Scientific Industries Inc,
London, UK

HPLC-grade
acetonitrile (ACN)

Formic acid

HPLC-grade
dichloromethane
(DCM),

n-Hexane,

Acetone,

plant extraction,
plant partionting,
LC-HRMS and
MPLC

Sigma-Aldrich, Poznan,
Poland
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MeOH

(HPLC) grade EtOAC

Analytical-grade

VWR, Fontenay-sous-

acetone Bois Cede, France
Rotary evaporator R- sample Buichi, Flawil,
110 concentrated and Switzerland

dried under

vacuum
Heating Block Concentrated Stuart, Stone, UK

SBH130D/3 and sample
concentrator
SBHCONC/1

extracts were
reconstituted in
EtOAc and dried
under nitrogen

Ultra-wave sonicator

enhance
solubilisation

Scientific Laboratory
Supplies, Nottingham,
UK

Direct-Q® water
purification system

ultrapure water
for solvent and
media
preparation

Merck Millipore,
Massachusetts, USA

Accela HPLC coupled

to run extracts

Thermo Scientific,

to an Exactive mass fractions and Germany

spectrometer samples

Xcalibur 2.2 Mass data Thermo Scientific,
processing Heidelberg, Germany

ProteoWizard data splitting to USA

separate the data
between the
negative and
positive
ionisation files.
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MZmine 2.53

mass data
processing

http://mzmine.github.io/

An in-house excel sheet
called Macro which
coupled with Dictionary
of Natural Products
(DNP version 2021)
database

Plant data base

CRC Press, Boca Raton,
USA (Pluskal et al.,
2010)

Deteriorated dimethyl
sulfoxide (DMSO-¢s)

Deuterium water (D20)

dissolve NMR
samples

Sigma-Aldrich, Poznan,
Poland

NMR tubes

tubes for the
samples to run on
NMR instrument

Norell, New York, USA

400 MHz Jeol-LA400
FT-NMR spectrometer
system equipped with a
40TH5AT/FG prob

measuring NMR
samples

An AVANCE-III 600
instrument with a 14.1
T Bruker UltraShield
magnet from the
Department of Pure and
Applied Chemistry

Ithas a 24
position
autosampler, 3
channel console,
is DQD and
Waveform-
equipped and can
use either a
BBO-z-ATMA-
[*P-183W/*H]
probe or a TBI-z-
[1H, 13C, 31P_
1°N] probe.

Bruker, Rheinstetten,
Germany
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MestReNova 14.2
developed Mestrelab
Research

processing NMR
spectra

Santiago de Compostela,
Spain

TLC plates TLC silica gel 60 Merck, Darmstadt,
F254 plates Germany
Human Caucasian tested cell line ATCC, US

Breast Carcinoma (ZR-
75)

Normal human foreskin
fibroblast (HS-27) cell
lines

RPMI 1640 media for the invitrogen, USA
tested cells

Foetal bovine serum media

(FBS), components

Glutamine and
penicillin/streptomycin
solution

Invitrogen, UK

Trytox X-100 negative control Sigma, US
TrypLE Express cell detachment GIBCO, UK
AlamarBlue BUF012B measuring Bio-Rad, UK

cytotoxicity for
pure compounds
and selected
fractions and

extracts

DMSO assay grade bioassay samples Fisher Scientific, US
solubilisation

Ninety six-well plates bioassay TRP, Switzerland and

Greiner bio-one, Austria
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Falcon tubes

For centrifuge
purpose

Corning, Mexico

Napco 5410 incubator

was humidified,
kept at 37°C in

the presence of

5% CO2

Napco, US

SterilGard biological
safety cabinet

Sterile cabinet
for biological
work

The Baker Company, US

The IEC Medispin

centrifuging

Thermo Scientific,

centrifuge samples Germany
Bright-Line cell counting Reichert, US
hemocytometer
Water bath sample heating Clifton, UK
for dissolving
purpose
Microscope observing cells Olympus Optical, Japan

Wallac Victor 2

measuring
fluorescence

PerkinElmer, UK

Microsoft Excel 2016

bar charts

Microsoft

Prism 6.0

plotting dilution
curves

GraphPad Software, US

Hidex Sense Multilabel
Plate Reader

plate reader

Thermo Scientific,
Germany

2,2-diphenyl-1-
picrylhydrazyl (DPPH)

antioxidant assay

Ascorbic acid

Quercetin

positive control
in DPPH assay

Sigma-Aldrich, Poznan,
Poland
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2.1.2. Plant collection
Jordanian chamomile plants used in this study were collected from Bereen Amman in

in March 2019 by Mrs. Souhair Atoum, Jordan while the European chamomile dried
flower parts were bought from Neals Yard Remedies in Glasgow. The taxonomic
identities of both Jordanian and European samples were identified as M. chamomilla,
which was confirmed by Keith Watson, botanist curator of Kelvingrove Museum in

Glasgow.

2.1.3. Plant extraction

The extraction method was accomplished using two solvents to extract phytochemical
compounds, 10 gms of each plant (flower part) were weighed, 150 mL of acetone was
added and stirred for 3 hours using magnetic stirrer plate. The extraction was soaked
overnight and was filtered the next day and collected in a rounded bottom flask.
Extraction with acetone was performed twice as previously shown. Another solvent
was used, 150 mL of MeOH (MeOH) was stirred for 3 hours using magnetic stirrer
plate. The extraction was soaked overnight and was filtered the next day and collected
in round-bottom flasks. Extraction with MeOH was done twice. The collected
extraction of both solvents was collected in same round-bottom flasks and evaporated
using rotary evaporator. Then, the extract was transferred into a small pre-weighed

vials and was weighed for each plant.

2.1.4. Solvent partitioning

Two-phased partitioning was prepared to separate each extract into aqueous,
semipolar and nonpolar. Starting with 90 mL of MeOH that was added to each plant
extraction with 10 mL of distilled water and was sonicated for 5 minutes at 40 °C
using ultra-wave sonicator. The extracts were transferred into separatory funnel and
100 mL of hexane was added. The funnel was closed and was shaken gently. After
reaching equilibrium, two phase layers were formed. The two layers were separated

and extraction with hexane was performed three times to collect nonpolar extract.
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MeOH-water extract was evaporated, and 100 mL of water was added. Further
extraction of the previous water extract was accomplished with 100 mL EtOAc 3 times
using a separatory funnel. Producing two extracts aqueous and semipolar extract for
each plant. The three extracts of each plant were evaporated, collected in small pre-

weighed vials and weighed for further identification.

2.1.5. Preparation of the samples for analysis and biological assay

NMR, LC-HRMS, and bioassay samples were prepared as summarised in Table 2.2.
The generated spectral data was processed then subjected to multivariate analysis
using the software SIMCA.

Table 2.2: Required sample concentration for screening.

Screening test Concentration Solvent used
LC-HRMS 1 mg/mL MeOH

NMR 5 mg/600 uL DMSO-ds , D20
DPPH assay 1 mg/mL DMSO
AlamarBlue® 10 mg/mL DMSO

assay

2.1.5.1. NMR spectroscopy

The nonpolar and semipolar samples were dissolved in 600l DMSO-ds and the
aqueous samples were dissolved in 600ul D20. Then all the samples were transferred
to NMR tubes at a concentration of 5 mg/mL. The *H NMR spectra was recorded. The
data was then analysed using SIMCA 17.0 and MestReNova 14.2.

2.1.5.2. LC-HRMS spectroscopy

HPLC grade MeOH and ACN were used to dissolve the nonpolar and semipolar

samples while distilled water was used for the aqueous samples at a concentration of
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1 mg/mL. The ACE 5 C18 column was utilised in this experiment. The solvent system
consisted of two components: ACN (solvent A) and water (solvent B), both of which
contained 0.1% v/v of formic acid. The injection volume was 10 pL, and the flow rate
was 300 mL per minute. The standard gradient is shown in the following Table 2.3.
HRMS analysis was carried out in both positive and negative modes in a mass range
ranging from m/z 150 to 1500, with the positive mode being the most sensitive. The
spray voltage was 4.5 kV at the time of the experiment. The temperature of the
capillary was 320°C. Then the data was analysed using MZmine 2.53, Excel-
MACRO, and SIMCA 17.0 software.

Table 2.3: Elution gradient used for LC-HRMS.

Time (minutes) % A % B
0 90 10

30 0 100

35 0 100
36 90 10
45 90 10

The LC-HRMS chromatograms and spectra were viewed in Thermo Xcalibur 2.2.

2.1.5.3. DPPH assay

Calibration assay for DPPH

DPPH molecule is 2,2-diphenyl-1- picrylhydrazyl, which is a stable free radical
molecule to be used in an antioxidant activity. This mechanism is based on
delocalisation of electron, which gives rise to deep violet, resulted by an absorption in
ethanol solution at 520 nm.

Before performing the assay procedure on the plant extract, the calibration assay for
DPPH should be prepared first. A positive control of ascorbic acid and quercetin were

used and negative control of DMSO. A stock solution was prepared of 1mg/mL for
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each ascorbic acid and quercetin by dissolving ascorbic acid in water and quercetin in
absolute ethanol. Also, a stock solution of DMSO was dissolved in absolute ethanol
100% v/v. A dilution of each ascorbic acid, quercetin and DMSO was prepared in 2-
fold serial dilution to have 8 points of concentration 1, 0.5, 0.25, 0.125, 0. 0625,
0.03125, 0.007813 mg/mL for ascorbic acid (% w/v) and mL/mL for DMSO (% v/v).
0.1, 0.3, 0.6 mM concentrations of DPPH were dissolved in absolute ethanol. Three
controls were prepared of 0.1, 0.3, 0.6 mM DPPH in absolute ethanol.

Each solution was placed in triplicate in 96-well plate, then each concentration of
DPPH was placed over the tested solutions. The plate was shaken and stood for 30
minutes in a dark place. The absorbance was measured at 520 nm and the %
antioxidant activity was calculated by the following equation:

% Antioxidant activity =OD control-OD sample/OD control X 100%

Plotted dose-response curve between and % of antioxidant activity vs Concentration
was performed and linear regression analysis was done to calculate the effective

concentration to scavenge DPPH free radical at 50% (ECso).

Procedure for DPPH assay

For testing the antioxidant activity of both chamomile varieties of aqueous, semipolar
and nonpolar extracts were used. Positive controls of ascorbic acid and quercetin were
used while DMSO was used as blank. Stock solutions of 1mg/mL of semipolar and
nonpolar plant extracts were prepared and dissolved in DMSO, while the aqueous
extract was prepared in distilled water. Two-fold serial dilution was prepared to have
8 points of concentration (1, 0.5, 0.25, 0.125, 0. 0625, 0.03125, 0.007813) in mg/mL
for each plant extract in DMSO for semi polar and nonpolar plant extract, while
distilled water for the aqueous extracts.

Each extract of the plant and the negative and positive control was placed in 96-well
plate in triplicate. The antioxidant activity was tested by placing the 0.6mM DPPH
solution. 0.6mM of DPPH in absolute ethanol was used as control.
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The plate was shaken and stand for 30 minutes in dark place. The absorbance was
measured at 520 nm and the % antioxidant activity was calculated by the following
equation:

% Antioxidant activity =OD control-OD sample/OD control *100%

Plotted dose-response curve between % antioxidant activity and Log concentration
was performed, and linear regression analysis was performed to calculate the effective

concentration to scavenge DPPH free radical at 50% (ECso).

2.1.5.4. Anticancer assays

Investigation for potential bioactive anticancer compounds was preliminary

performed against breast cancer cells (ZR-75).

Sample preparation

The nonpolar and semipolar samples were dissolved in DMSO, and the aqueous
samples were dissolved in distilled water and were kept at -20 °C.

Media preparation

RPMI 1640 medium was prepared for ZR-75 cells as the following protocol:

60 mL was taken out of the 500 mL medium bottle and discarded. The medium was
supplemented with 5 mL of (5000 TU/uL — 5000 pg/uL) penicillin-streptomycin, 5
mL of 200mM L-glutamine (x 100). The pH was adjusted to 7.4 by the addition of
NaOH. 50 mL of FBS were added.

Cell splitting and seeding

The cell lines were stored in liquid nitrogen and thawed in a 37°C using water bath. 5

mL of the prepared media were poured into a 25 cm? seeding flask. In the seeding
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flask, the cell lines were poured. The medium was replaced the next day with new
medium.

After the cell lines had grown and adhered to the flask's surface, they were split. The
media was removed before the cell lines were washed twice with 5 mL of phosphate
buffer saline. After adding 3 mL of TrypLE Express, the mixture was incubated for
about 10 minutes at 37 °C.

To stop the TrypLE Express, the flask was gently tapped, and 7 mL of the medium
was added. After transferring the cell lines to Falcone tube, they were centrifuged.
The supernatant was then discarded, and the cells were resuspended in 5 mL of media
after being tapped with a finger. Hemacytometer was used to determine the number
of suspended cells.

For seeding the flask, the following formula was used to determine the volume of the
suspension to be transferred to a new flask, containing 5 mL of the fresh medium:

v = seeding density (cellslcm?) xarea of the flask (cm?
cell count x 10%(cells/ml)

The flask was then incubated at 37 ° C and 5% CO: in a humidified incubator. For
seeding 96-well plate, the volume of the suspension was determined in accordance
with the following formula to prepare the required number of cell lines to be cultivated
on the plate.

v = seeding density (cells/cm?) x10)
cell count x 10%(cells/ml)

Table 2.4 illustrates the seeding density for the cell lines utilised in a flask and plate.
On the 96-well plate, 75 pL of the cell culture was added. As a positive control, 2 puL
of media was added to the cells after they were treated with 30 pg/mL of the plant

extract. As a negative control, 4% of TrytonX was used.

AlamarBlue assay
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The cultures were incubated for 48 hours at 37°C in a humid incubator containing 5%
CO2. AlamarBlue was used to test the viability of the cells. Alamar blue was added
to the wells at a concentration of 10% of their volume, which were then incubated for
5 hours. Using a Wallac Victor 2 fluorometer, the fluorescence was measured. The
Alamar Blue assay was performed three times with repeated measurements. Excel and
graphpad prism were used to analyse the data.

Table 2.4: Seeding densities (cell/cm?) for the used cell lines

Cell line Flask 96 well plates
ZR-75 8 x 10° 1x10°
HS-27 2x10% 1x10°

2.1.6. Medium pressure liquid chromatography (MPLC)

MPLC, also known as flash chromatography (FC), is a separation method that is
similar to open column chromatography but uses pressure to elute the sample from
the column more quickly. After testing on a TLC plate, the solvent system was
selected. Normal phase columns were employed in both the Bichi and Reveleris®
Flash Forward systems, and they were conditioned with the beginning solvent solution
before loading dry samples that were combined with celite. If the Blichi system was
used, fractions were collected manually in 100 mL Erlenmeyer flasks; if the
Reveleris® Flash Forward system was utilised, fractions were collected automatically
in test tubes. Following that, TLC analysis was performed on all fractions, and the

related fractions were combined.

2.1.7. Thin layer chromatography (TLC)

TLC was employed to identify compounds based on their Rf value and colour under
UV light or after reaction with various spraying reagents. It was used to determine the
purity of a sample and to estimate the composition of a mixture of compounds.

Additionally, it was used to assess the appropriateness of several solvent systems used
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in column chromatography. To achieve adequate separation of compounds on the
column, the mobile phases used in the MPLC/FC system were optimised using TLC
plates. Mobile phase selection was based on the Rf value of the initial eluting
component. The Rf value of the spots should be between 0.3 and 0.5 to prevent a fast
rate of elution of the individual components in the sample, equilibration of the TLC
chamber with the mobile phase was achieved by adding filter paper and allowing them
to saturate. Under both short and long UV lamps, the elution spots were identified.
Under short UV light, compounds that quenched fluorescence or phosphorescence
might be seen as black patches. Under short UV wavelengths, conjugated double bond
systems and aromatics might also be recognised as coloured dots. Additionally, TLC
plates were coated with anisaldehyde/sulfuric acid reagent and heated to 200°C using
a heat gun (Table 2.5). This spray reagent is used to determine the presence of a wide
variety of natural products, including essential oil components, steroids, terpenes,

sugars, phenolic compounds, and sapogenins (Wall, 2005).

Table 2.5: The constituents of anisaldehyde/sulfuric acid spray reagent.

Component Volume (mL)
Anisaldehyde 0.5
MeOH 85
Glacial acetic acid 10
Concentrated sulfuric acid 5

2.1.8. Sample Preparation

NMR, LC-HRMS, and bioassay samples were prepared as summarised previously in
Table 2.2. For structure elucidation, all compounds were submitted to Applied
Chemistry department to use their 500MHz Bruker NMR instruments. This was done
to perform *H, HMBC and COSY, all experiments were processed using MestReNova
14.2. For Proton Spectra, smoothing with Whittaker Smoother, baseline correction

with Whittaker Smoother, apodisation with Gaussian 1.00 and manual phase
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correction were carried out in MestReNovA.While COSY analysis, smoothing with
Whittaker Smoother, reducing t1 noise and symmetrising as COSY-like were

performed.

2.2. Isolation and identification of endophytes from Jordanian
chamomile

2.2.1. Materials and equipment
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Table 2. 6: Materials and equipment used in the experiments

Materials and
equipment

purpose

Origin place

Malt extract powder

Nutrient agar

inoculation of the
endophytic fungi

Oxoid, Manchester,
UK

Chloramphenicol

initial inoculation

Acros Organics,

Geel, Belgium
HPLC grade mixed with 30% Sigma-Aldrich,
isopropanol water for sterilisation Pozna, Poland
Sagrotan® spray disinfectant Sagrotan, Heidelberg
pH meter measuring pH Jenway,
Staffordshire, UK
NaOH adjusting pH of Sigma-Aldrich
media Pozna, Poland
incubator inoculating medium Vindon Scientific,
was incubated at Oldham Lancashire,
27°C UK
MA media initially grow the Thermo Scientific,

fungi

Massachusetts, USA

Internal transcribed
spacer (ITS) regions
between the 16s and
23s rRNA genes of
endophytes

identify fungi

electrophoresis gel
plates comprising
UltraPureTM TBE
buffer 10X

ethidium bromide
10mg/mL

ITS gene sequencing

Life technologies,
Cramlington, UK,

Sigma-Aldrich,
Continental, USA
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Agarose-Molecular
Grade

Water-Molecular
Biology reagent,
REDEXxtract-N-
AmpTM PCR
ReadyMixTM,
Extraction and
Dilution solution

Camarillo, Bioline,
us

Sigma-Aldrich, St.
Louis, USA.

primers ITS1 and
ITS4

ITS1-(5-TCC-GTA-
GGT-GAA-CCT-
GCG-G-3)

ITS4-(5'-TCC-TCC-
GCT-TAT-TGA-
TAT-GC-3') were

Integrated DNA
Technologies,
Coralville, lowa,
USA

the HyperLadder Il
and sample loading
buffer

Bioline, Camarillo,
USA

The Primus 96
Thermal Cycler

the Perkin Elmer
DNA Thermal Cycler
480 Manual

Electrophoresis
plates

for DNA extraction
and amplification

Ebersberg, Germany

MWG AG Biotech

Bioscience Services,
London, UK

voltage source

used for the
amplified DNA on
the electrophoresis
gel plate

Kodak BioMax
MBP300 from New
Jersey, USA

INGENIUS gel gel imaging for the Syngene, Cambridge,
plates UK
Mlustra™ GFX PCR extract the DNA after Cytiva,

DNA and Gel Band
Purification kit

PCR of the DNA
samples from
electrophoresis gel

Massachusetts, US
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DRI-BLOCK® DB-
2A

solubilisation of
agarose gel
containing DNA was
performed using a
dry block

Techne, Chelmsford,
UK

5415 D Centrifuge

centrifugation of the
samples after each
DNA extraction step

Eppendorf,
Hamburg, Germany

Alignment Search
Tool (BLAST)

the National Centre
for Biotechnology
(NCBI)

Nanodrop 2000c measuring DNA Thermo Scientific,

Spectrophotometer concentration of each Massachusetts, USA
sample

FinshTV 1.4.0 analysing PCR Geospiza

software results

Basic Local available online from Maryland, USA.

2.2.2. Collection of plant samples

The plant material was collected in March 2019, three days prior to isolation of the
fungal endophytes, kept in a sterile plastic bag in the refrigerator at 2-8°C. Jordanian
chamomile plants used in this study were collected from Bereen Amman, Jordan and

werem identified as M. chamomilla.

2.2.3. Preparation of malt extract agar media and fungal inoculation from Jordanian
chamomile.

7.5 gm of each malt extract and agar extract and 0.1 gm chloramphenicol were

weighed and were placed in a 500 mL bottle. All the components were solubilised

with deionised water and added up to 500 mL. The pH was adjusted between 7.4-7.8

by the addition NaOH. The prepared medium was autoclaved and was poured in liquid

status into petri dish under the laminar flow hood. The laminar was disinfected with

Sagratan spray and 70 % of isopropanol.
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2.2.3.1. Initial inoculation of endophytic fungi from plant parts

Under sterile conditions, the plant parts were cut into three parts: flower, stem and
roots.

Each part was dipped in sterile autoclaved deionised water and then disinfected with
70% isopropanol using a sterile clamp. After sterilising the plant’s parts with
isopropanol to kill each epiphytic microorganism, each part was washed with
deionised water and then it was dissected to expose the internal tissues to the
MAmedia in the petri dish for inoculation. One petri dish was left empty as a control.
All the samples were inoculated between 10- 21days at 27°C in the incubator. Under
the laminar flow hood, the fungal endophyte was cut from each petri dish and

transferred in MAmedium for better isolation of the pure endophyte.

2.2.3.2. Fungal culture purification step.

MA medium was prepared as described in 2.2.3 for the second endophytic inoculation
without the addition of chloramphenicol. Re-plating of each endophyte was
accomplished. All the plates were inoculated at 27 °C For 7-21 days. Chemical
profiling, biological screening, voucher storage, and taxonomical identification were
all accomplished from the inoculation of sufficient plates. The isolated endophytes

have been coded according to their plant part.

2.2.4. Fungal extracts for screening.
2.2.4.1. Extraction of metabolites from the incubated endophytes

Each purified fungus was re-inoculated on nine MA plates as prepared in section 2.2.3.
Every extract was prepared in triplicate. According to their growth rates, the triplicates
were categorised into slow and fast-growing groups. The fast-growing fungi were

incubated for 15 days, while the slow-growing endophytes were incubated for 21 days.

After incubation, each plate was cut into eight parts with all of its components,

including the medium and fungus, and transferred to a 250 mL conical flask. Then,
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200 mL of EtOAc was added and covered with foil to be soaked overnight under the
fume hood. On the next day, each extract was homogenised using the homogeniser.
The homogenised flasks have been subjected to extraction by using a Buchner funnel.
While the mycelia were extracted twice with 100ml of EtOAc. The extract was
filtered, and the filtrate was evaporated using the rotary evaporator. Then, the extract
was dissolved with a small amount of EtOAc and transferred into small vials for
weighing.

All the samples were dried and weighed for LC-HRMS, NMR and bioassay screening.
The dried extracts were stored at 2-5C° until further use for chemical profiling with
NMR and MS, as well as prior to the biological assays.

2.2.4.2. ITS gene extraction and amplification

A fungal layer was cut and transferred to a 0.5 mL Eppendorf tube from each
endophyte's second incubation. Following this, 100 pL of extraction solution was
added and vigorously mixed. The contents of Eppendorf tubes were incubated at 95°C
in DNA Thermal Cycler 480 Manual for 10 minutes. Following that, each tube was
filled with 100 pL of the dilution solution.

For the PCR and amplification of the gene, 4 uL of the gene product was added to a
25 pL combination of REDExtract-N-AmpTM PCR ReadyMixTM, 3 pL of the
forward primer ITS1, 3 pL of the reverse primer ITS4, and 18 uL of water-molecular
biology reagent. As described in Table 2.7, the prior combination was exposed to a
PCR reaction using a Primus 96 Thermal Cycler. After the PCR was completed, 2 uL
of sample loading buffer was loaded to each sample.
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Table 2.7: PCR cycles.

Step Temperature Duration Cycles
(°C) (min)
Initial denaturation 95 3 1
Denaturation 95 1 -
Annealing 56 1 35
Extension 72 1
Final extension 72 10 1
Hold 4 - -

Gel electrophoresis

Agarose gel was produced by dissolving 0.5 g agarose and 2 pL ethidium bromide in
50 mL of 1x TrisBorateEDTA (TBE) solution. After pouring the gel into a gel
electrophoresis plate, it was allowed to harden. The plate was then filled with the
diluted TBE 1x buffer. Six pL of HyperLadder Il was placed into one of the plate's
wells. Then, 15 L of the blank and amplified genes were introduced three times into
the other wells to get enough genes for sequencing. The gel was operated for 45
minutes at 60 volts. After the run was completed, the gel was inspected under UV
light and the amplified gene bands were sliced and kept at 2-8°C in the refrigerator.
By comparing the band size of each endophyte's gene to the HyperLadder 1 reference,
the band size of each endophyte's gene was calculated.

Extracting, measuring the concentration and the sequencing of the obtained PCR

product
To extract the amplified genes,

illustraTM GFX PCR DNA Purification Kit protocol was used. The agarose gel pieces
containing the gene fragments were weighed for each sample. Following that, three
times their volume of solubilisation solution was added to them. After that, the mixture
was incubated for 10 minutes in DRI-BLOCK® with occasional mixing using a vortex
mixer. After adding an equivalent amount of isopropanol to the solubilised gene-

agarose mixture, it was homogenised using a vortex mixer. Then illustraTM Binding
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Columns were prepared. Each of the binding columns was placed ina 2 mL collecting
tube. After that, 500 pL of the column preparation solution was added to each binding
column and centrifuged for 1 minute. The preparation solution was drained into the
collecting tube and discarded. The combination of solubilised gel solution and binding
column was then loaded and centrifuged for 1 minute. The solution collected in the
collecting tube was discarded after centrifugation. Then, the solubilised gel solution
mixture was loaded into the binding column and centrifuged for 1 minute. After
centrifugation, the solution collected in the collection tube was discarded. After that,
700 pL of the wash solution was added to the binding column. This was followed by
another minute of centrifugation. After finishing, the solution and collecting tubes
were discarded. After placing the binding columns in fresh collecting tubes, 25 pL of
previously heated elution solution was added and centrifuged for 1 minute. Following
that, the binding columns were discarded, and the genes were eluted and collected in
the collection tubes using the elution solution. Finally, the concentration of the gene
solution was determined and transmitted for sequencing using a Nanodrop
spectrophotometer. The sequences obtained were read using the FinchTV programme
and compared to hits in databases accessible through the BLAST
(http://blast.ncbi.nlm.nih.gov/Blast.cgi).

2.2.4.3. Sample preparation of fungal crude extracts for screening.

Four screening assays were performed on the crude fungal extracts. NMR, LC-HRMS,
anticancer assay, and antioxidant assay were performed. The samples were prepared
as summarised previously in Table 2.2. SIMCAL17.0 software was used to analyse the

spectral data and perform multivariate analysis.

2.2.5. Preparation of fungal inoculum for media optimisation.

Fungal stock cultures were prepared by placing a small cut from the culture in
cryogen-vials containing 30 % glycerol and 70 % malt extract broth. Fungal cultures

were inoculated on fresh MA plates for media optimisation work and incubated for 15
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days for A. solani and 21 days for A. ustus at 27°C. These fungi were active in the
screening step, so they were continued for the media optimisation.
2.2.5.1. Preparation of Wickersham medium for liquid cultures

Each flask is composed of 3 g of yeast extract, 3 g of malt extract, 5 g of peptone and
10 g of glucose. Water was added up to 1000 mL. The pH was adjusted to 7.4 by the
addition of NaOH. The media was then submitted to autoclaving.

2.2.5.2. Preparation of rice medium for solid cultures

Each flask is composed of 100 g of rice and 100 mL of water. Components were kept
overnight before autoclaving.

2.2.5.3. Preparation of oat medium for solid cultures

Each flask is composed of 100 g of oat and 100 mL of water. Components were kept
overnight before autoclaving.

2.2.5.4. Preparation of potato medium for liquid cultures

To prepare potato infusion, 200 g of unpeeled potatoes were sliced and boiled for 30
minutes in 1-liter distilled water. Filtration was performed using cheesecloth, potato
slices were discarded. A 20 g of glucose was added to the potato infusion, then
distilled water was added up to 1 litre-volume. The media was submitted to

autoclaving.

2.2.5.5 Cultivation

For the media optimisation, the selected endophytes were grown in 500 mL flasks of
Wickersham, potato media, rice, and oat media for three incubation periods, 7, 15 and

30 days. All incubations took place in the incubator at 27 °C.
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2.2.5.6. Extraction of fungi grown in liquid medium

After the incubation was ended, EtOAc was added to each flask to extract the
metabolites that were produced (500 mL for media optimisation flasks). After that,
the EtOAc was homogenised with the flask’s contents and kept overnight. The
following day, it was filtered through a filter paper under vacuum using a Buchner
funnel and collected in collection flasks. The homogenised mixture was then
partitioned in a separatory funnel, so the EtOAc would be separated from the contents
of the medium. The partitioning step was performed thrice with new portion of EtOACc
added each time to extract the most amounts possible of metabolites. Then, the EtOAc
well be evaporated by the rotary evaporator, the extract will be collected in a vial and
weighed.

2.2.5.7. Extraction of fungi grown in solid medium

EtOAc was initially added to each flask to kill the endophyte and extract the secondary
metabolites. The mycelia and the rest of the media was homogenised with 200 mL of
EtOAc then filtered through cotton wool into collection flasks. This step was repeated
seven times to maximise the extraction of the metabolites. The EtOAc filtrate was
evaporated and concentrated using a rotary evaporator. The dried EtOAc extract was
then weighed and reconstituted in 130 mL of 10 % aqueous MeOH and subjected to
partitioning in a separatory funnel with an equal volume of hexane to separate the
lipophilic fatty acids that will partition mainly in the non-polar solvent hexane from
the other types of compounds. The partitioning was repeated seven times before
evaporating the solvents and concentrating the extracts from the two solvent phases.

The dried extracts were again weighed.

2.2.5.8. Sample Preparation

NMR, LC-HRMS, and bioassay samples were prepared to provide the spectral and

biological data necessary to select the media for the scale-up work. The samples were
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prepared as summarised above in Table 2.2. The generated spectral data was processed
then subjected to multivariate analysis using the software SIMCA 17.0.

2.2.6. Chemical analysis: Extraction, chromatographic separation and structure
elucidation

2.2.6.1. Scaled-up fermentation and extraction

Potato-dextrose extract liquid media was chosen to scale-up the crude extract yield
from A. ustus. Twenty flasks of the fungal inoculum for scale-up cultures of A. ustus
were prepared as described in section 2.2.7.4. Two-litre Erlenmeyer flasks were used
for 1 L of culture and were incubated as stand cultures at 27°C for 30 days. Half-litre
of EtOAc was added to each flask and again macerated for 24 h to stop A. ustus growth
and other metabolic processes. After 24 h, the culture flasks were homogenised for 15
minutes. For extraction of potato-dextrose extract, the organic EtOAc phase layer was
separated from the aqueous phase with a separatory funnel. Liquid-liquid extraction
was performed exhaustively with EtOAc. The multiple batches of EtOAC extracts were
pooled, concentrated under vacuum and transferred to a tared vial for storage until

fractionation.

2.2.6.2. Fractionation of A. ustus extract obtained from potato-dextrose extract

Ten grams of the crude extract were reconstituted in 6 mL of EtOAc and added to 7.5
g of celite. The concentrated extract solution was added dropwise the celite to ensure
homogenous mixing, and the mixture was dried overnight in fume hood. A prepacked
column of silica with a dimension of 40x150mm was used as a stationary phase. DCM
and MeOH were used as the main solvent of the mobile phase. To prevent solvation
of silica from the pre-packed column, MeOH percentage should not exceed 80%.
Because DCM might be abrasive on the piston pump seals, the column was
equilibrated with 100% DCM for 10 minutes at a reduced flow rate of 50 mL/min. The
chromatographic separation was achieved by stepwise gradient elution with increasing
MeOH ratio from 1 to 20% in 160 minutes at a flow rate of 100 mL/min. Acetone and
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MeOH were used to wash the column. Table 2.8 shows the elution gradient for the
chosen mobile phase for fractionation.

Table 2.8: Elution gradient for the fractionation of A. ustus extracts

Mobile phase %

Time (min) DCM MeOH Acetone Fr:]ognr]?rt]e

0 100 0 0 50

10 100 0 0 50

40 99 1 0 100
70 95 5 0 100
130 90 10 0 100
160 80 20 0 100
180 0 30 70 100
200 0 30 70 100

2.2.6.3. Purification of fraction 11 and fraction 12 obtained from A. ustus grown in
potato-dextrose media

Fraction 11 (700mg) and fraction 12 (700mg) were dissolved in 5ml EtOAc and mixed
with 4g celite powder. The mixture was allowed to dry. The dried sample-celite
combination was loaded into a 12g silica column for the Reveleris FC system using a
loader. EtOACc and n-hexane were used as the mobile phase, the ratios of summarised
in Table 2.9. The subfractions were determined by observing peaks using both ELSD
and UV detectors. UV wavelengths of 254 and 280nm were employed. The column
was washed with acetone and MeOH (70:30).
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Table 2.9: Mobile phase % used in sub-fractionation of A. ustus fraction 11 and 12.

Mobile phase %

Time (min) H():)Xg;]e EtOAC MeOH Acetone Fr:]oli/\//rrr]?;e

0 100 0 0 0 40

10 90 10 0 0 40

30 85 15 0 0 40

60 80 20 0 0 40

80 50 50 0 0 40
100 20 80 0 0 40
120 0 100 0 0 40
150 0 0 30 70 40

2.2.6.4. Purification of subfraction 29 from fraction 11 of A. ustus extract obtained
from potato-dextrose media.

Preparative TLC was chosen for the sub fractionation of fraction 29 due to its low yield

of 32mg. The fraction was dissolved in 600ul of EtOAc. A volume of 150ul was

loaded as a band on every 20x20cm silica TLC using four TLC plates in total. n-

Hexane and EtOAc (75:25) was used as the mobile phase. TLC plates were developed

three times to ensure the maximum separation between bands.

2.2.6.5. Purification of subfraction 6, 7 and 11 from fraction 12 of A. ustus extract
obtained from potato-dextrose media.

Preparative TLC was prepared for the subfractions 6 (30mg), 7 (28mg) and 11 (35mg)

of fraction 12. The fraction was dissolved in 600ul of EtOAc. A volume of 150ul was

loaded as a band on every 20x20cm silica TLC using four TLC plates in total. n-

Hexane and EtOAc (75:25) was used as the mobile phase. TLC plates were developed

three times to ensure the maximum separation between bands.
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2.2.6.6. Direct infusion MS

Each sample was weighed and dissolved in MeOH to prepare a concentration of 1
mg/mL for direct infusion MS analysis. ACE 5 C18 column was used. Solvent system
was made up of ACN (solvent A) and water (solvent B), both with 0.1 % formic acid.
High resolution MS analysis was performed in both positive and negative modes in a
mass range that varied from m/z 150 to 1500. The spray voltage was 4.5 kV. The

capillary temperature was 320°C.

2.2.6.7. NMR spectroscopy

Samples were prepared as described in section 2.18 For structure elucidation, all
compounds were submitted to applied chemistry department to use their 500MHz
Bruker NMR instruments. This was done to perform 1H, HMBC, HSQC, COSY,
ROESY, and *C JMOD).
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2.3. The metabolomics approach used in this study

Metabolomics workflow was designed to isolate anticancer metabolites from the studied endophytes. It is illustrated in Figure
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Figure 2.1: Workflow of applying metabolomics in the search for anticancer agents from the A. ustus endophyte.
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2.3.1. Data Analysis Using MZmine 2.53 (Macintyre et al., 2014)

The LC-HRMS chromatograms and spectra were viewed in Thermo Xcalibur 2.2. The
raw LC-MS data were sliced into positive and negative ionisation modes using
ProteoWizard's MassConvert file slicer. MZmine 2.53 was used to import and process
the sliced MS data (Pluskal et al., 2010). The chromatograms were first cropped to
0.0-45.0 minutes. For peak detection, a centroid mass detector with a noise level of
1.0E3 and an MS level of 1 was used. The chromatogram builder was set to a minimum
time span of 0.2 min, minimum height of 1.0E4 and m/z tolerance of 0.001 m/z or 5.0
ppm. The algorithm used for chromatogram deconvolution was the local minimum
search. The chromatographic threshold was set at 5%. The minimum retention time
(RT) was 0.4 minutes, the minimum relative height was 5%, the minimum absolute
height was 1.0E4, the minimum peak top/edge ratio was 2, and the peak duration range
was 0.2-5.0 minutes. For isotopes, the isotopic peaks grouper was used with a m/z
tolerance of 0.001 m/z or 5.0 ppm, a RT tolerance of 0.2 absolute minutes, a maximum
charge of 2, and the most intense representative isotope utilised. RT normalisation was
performed using the RT normaliser with m/z tolerance of 0.001 m/z or 5.0 ppm while
the RT tolerance and the minimum standard intensity were set to 5% (relative) and
5.0E4 respectively. The peak lists were aligned uniformly using the join aligner (m/z
tolerance 0.001 m/z or 5.0 ppm, weight for m/z: 20, RT tolerance 5.0 percent relative,
weight for RT: 20). The aligned peak list was gap-filled using the peak finder function
(tolerances for intensity: 30%, m/z: 0.001 m/z or 5.0 ppm, and RT: 0.5 min). The RT
tolerance was set to 0.2 absolute (min), the m/z tolerance to 0.001 m/z or 5.0 ppm, and
the maximum relative adduct peak height to 30%. The adducts Na, K, and NH4 were
used in the positive mode, formate in the negative mode, and ACN+H in both modes.
Additionally, a sophisticated search was conducted utilising [M+H] * for positive
ionisation and [M—H]"~ for negative ionisation. RT Tolerances was set to 0.2 absolute
(min), m/z to 0.001 or 5.0 ppm, and the maximum complex peak height was set to

50%. After that, the data was exported as a CSV file for additional cleaning.
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SIMCA 17.0 was used to analyse the data. The MZmine ID number was merged with
the ionisation mode to provide a unique primary ID for the MS data, whereas the other
variables such as retention time, m/z, and MWt were considered secondary 1Ds. The
data sets were originally analysed using PCA, an unsupervised statistical analysis
approach. Following that, a supervised statistical analysis approach utilising OPLS-
DA was used to compare groups and distinguish metabolites based on a known
variable used to classify the groups. Both approaches used Pareto scaling, and models
were verified R? and Q? coefficients, as well as permutation tests in the case of the
supervised method. The above-mentioned in-house EXCEL macro was then used to
determine the top twenty features (ordered by peak intensity) and their related putative
identities in each sample by producing unique CSV files for each extract.
ChemBioFinder version 13 was used to find database hits (PerkinEImer Informatics,
Cambridge, UK)

Both LC-HRMS and NMR spectroscopy are commonly used in metabolomics. LC-
HRMS has the advantage of being more sensitive than the NMR, detecting compounds
that are present as femtograms in the extracts. Moreover, it can identify compounds
based on their exact mass and fragmentation pattern and the addition of other limiters
such as retention time could enhance its identification. However, it is limited by the
ionisation capability of the metabolites (Krug and Miller, 2014, Tawfike et al., 2013,
Griffiths et al., 2010). On the other hand, NMR is better for structure elucidation.
Nevertheless, it is not sensitive enough to detect minor metabolites that present in

lower concentrations.

Dereplication is defined as the process of implementing spectroscopy in the
identification of known metabolites in the early stages of isolation (Krug and Miiller,
2014, Harvey et al., 2015). This is achieved by using LC-HRMS, where hits with
certain m/z values are compared to available databases like DNP. Along with
multivariate analysis that pinpoints the active compounds, this allows prioritising

fractions for further purification and helps saving time and money in the process of
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isolating novel bioactive compounds. Combining data given by LC-HRMS or NMR
to a multivariate data analysis tool allows scientists to compare and detect differential

metabolites in biological samples.

2.3.2. Chemometrics and multivariate analysis

Multivariate data analysis is a chemometrics’ tool that is applied to extract relevant
information from measured data. Thus, visualising this data and enabling the
prediction of its outcomes. The use of common instrumental analysers produces
multivariate collinear data. Measured variables, which describe the system, provide
similar information content. These collinear variables and thus, the structure of data,
could be combined and described by fewer factors, called latent variables or principal
components (Rajalahti and Kvalheim, 2011). Different approaches in multivariate
analysis include PCA, SIMCA, PLS-DA, OPLS-DA to latent structures O2PLS
(Wiklund, 2008).
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3. Jordanian and European chamomile comparison for
unravelling the anticancer and antioxidant differences
3.1. Literature Background

Many examples of endemic plant varieties with a wide variation in their secondary
metabolite fingerprint have been described in the literature. For these reasons, two
endemic varieties of chamomile were compared to find differences in their biological
active compounds. Multivariate statistical analysis was employed to measure the depth

of this variation.

Environmental conditions closely affect the biosynthesis of the primary and secondary
metabolites in specimens of same plant (Sampaio et al., 2016, Zanatta et al., 2021).
Physiological adaptations of plants are in many instances under the influence of the
ecosystem that surround them (Petit et al., 2001). Secondary metabolites play different
roles in the plant interactions, such as competition, symbiosis, metal transport,
differentiation, etc (Demain and Fang, 2000). Some volatile terpenes are involved in
plant communication and defensive system (Rohloff and Bones, 2005, Ormefio et al.,
2008). Plant polyphenols has multiple functions as UV-screening pigments or counter

oxidative stress agents (Di Ferdinando et al., 2014).

Structural elucidation reports of chamomile flowers constituents have allowed to
identify approximately 120 different secondary metabolites, including 28 types of
terpenoids and 36 polyphenolic compounds (McKay and Blumberg, 2006). Most
important constituents attributed to therapeutic properties have been correlated to their
secondary metabolites such as phenolic acids and sesquiterpenes, flavonoids,
coumarins, and polyacetylenes (Figure 3.1) (Shankar et al., 2017, Sadraei et al., 2017,
Hostetler et al., 2017). Known polyphenols of chamomile are the biologically active
flavonoids, apigenin and its methylated, acetylated, and glycosylated derivatives have
properties as therapeutic agents(Landis-Piwowar et al., 2008, Salehi et al., 2019,
Moharram et al., 2017).
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This plant endemic study explores the variations in the biological active compounds
between two varieties of the same species that have grown under different
environmental conditions. It was aimed to employ HPLC-MS and NMR to targeted
metabolomics fingerprint of both varieties of chamomile, identify patterns in the types
of secondary metabolites present in both samples and find novel active compounds in

the Jordanian variety.
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Figure 3.1: Secondary metabolites isolated from M. chamomilla (Shankar et al., 2017,
Sadraei et al., 2017, Hostetler et al., 2017).

99 |Page



3.2. Crude extracts and extract yield of the Jordanian and European
chamomile

The same extraction procedure was employed for both Jordanian and European
chamomile plant, flower parts were used in the extraction for both varieties. Liquid-
liquid partitioning was performed on the dried total crude extracts to obtain the EtOAC,
aqueous MeOH and n-Hexane extracts (Table 3.1). The obtained weight of the dried
n-Hexane extract of the Jordanian chamomile was 0.19 g (1.9%), the weight of the
dried aqueous MeOHic extract was 9.6 g (96%) and for EtOAc extract was 0.18
(0.18%). Meanwhile, the n-Hexane extract in the European chamomile was 0.3 g
(0.3%), the aqueous MeOH was 9.9 g (99%) and was 0.34 g (0.34%) for the EtOACc
extract as shown in Table 3.2. The extracts were further subjected to bioassay

screening and further chromatographic isolation work (Figure 3.3)

Table 3.1: Yields of liquid-liquid partitioning extracts obtained from chamomile
varieties

Chamomile crude (g) n-Hexane 10%0aq EtOAC
varieties (9) MeOH (g) (9)
Jordanian 10 0.19 9.6 0.18

chamomile
European 10 0.30 9.9 0.34

chamomile
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Figure 3.2: Workflow for M. chamomilla varieties for both Jordanian and European chamomile.
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3.3.  Multivariate analysis of the crude extract of M. chamomilla varieties

To investigate the chemical characteristics, all the extracts were subjected for 'H NMR
and HRESI-MS. The 'H NMR spectra of the extract were stacked and presented in
Figure 3.3. The bioactive extracts were highlighted with a black box for both varieties.
The biological activity was performed by testing the antioxidant activity and testing

anticancer activity against breast cancer ZR-75.

The extracts were examined by *H NMR spectroscopy to establish the class of the
major compounds present in each (Figure 3.3). Analysis of the *H NMR spectral data
revealed that the n-Hexane extracts for both varieties were rich with lipids,
glycosylated and with other various aliphatic compounds. These were indicated by the
presence of *H NMR signals resonating mainly at 0.80 to 5.0 ppm. However, the
aqueous extracts contained more hydroxylated compounds evident by the occurrence
of peaks between 3.0 and 5.0 ppm. On the other hand, the bioactive EtOAc extracts of
both chamomile varieties mainly consisted of aromatic compounds that was accounted

for protons found between 6.0 and 7.5 ppm.
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Figure 3.3: Stacked *H NMR spectra of Jordanian (ChJ) and European (ChE)
chamomile extract in DMSO-ds measured at 500 MHz. Highlighted spectra represent the

bioactive fractions.

3.3.1. The biological activity of M. chamomilla crude extracts

The obtained extracts were tested in vitro against breast (ZR-75) (Figures 3.4 and 3.5).

AlamarBlue® was used to determine the viability of the cancer cells in the presence

of the plant extracts. The European EtOAc extract exhibited activity against breast
cancer ZR-75 cell line at 85% that is a cell viability of 15% (Figures 3.4 and 3.5). On
the other hand, antioxidant activity was also observed in both European and Jordanian

EtOACc extracts as shown in Figure 3.6 and Table 3.2. The antioxidant activity was

measured using a DPPH assay. Ascorbic acid and quercetin were used as positive

controls. ECso values were determined for both bioactive extracts, which was equal to
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0.16 mg/mL for the Jordanian and 0.2 mg/mL for the European chamomile EtOAc
extract. The n-Hexane and aqueous MeOH extracts of both varieties were found
inactive in the AlamarBlue® and DPPH assays.

A Effect of the Jordanian chamomile on Breast cancer cell
(ZR-75) at 30 @g/m |

1501

[y

o

o
1

% cell viabillity
a
o
L

Extract type

Effect of the European chamomile on Breast cancer cell
B (ZR-75) at 30 pg/m |

1507

1001

% cell viabillity
ul
o
L

Extracttype

Figure 3.4: AlamarBlue® assay of 30 pg/mL crude fractions obtained by liquid-liquid
partitioning of total crude extracts of A) Jordanain and B) European chamomile on
breast cancer cell line ZR-75.
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Untreated control Negative control

ETOAC extract of ChE

Figure 3.5: Microscopic photo of breast cells after 48 hr incubation. A) Breast cancer
cells without treatment. B) Breast cancer cells with Triton X. C) Breast cancer cells
with EtOAc extract from European chamomile at a concentration of 30 pg/mL.
Magnification power was 10X (objective lens) and the background was shown in
green.
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Figure 3.6: DPPH assay for antioxidant activity of liquid-liquid partitioning extracts
obtained from A) European and B) Jordanian chamomile in mg/mL. Ascorbic acid and
quercetin were used as the positive controls.
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Table 3.2: ECso values of antioxidant activity assay of liquid-liquid partitioning
extracts obtained from both varieties of M. chamomilla in mg/mL. Ascorbic acid and
quercetin were used as the positive controls.

Type of extract Jordanian European
chamomile Chamomile

(mg/mL) (mg/mL)

n-Hexane inactive inactive

10% aqg MeOH >1 inactive
EtOAC 0.20 0.16
ascorbic acid 0.11 0.11
quercetin 0.03 0.03

3.3.2. Multivariate analysis of NMR spectral data

The AlamarBlue® and DPPH assay results were incorporated with the spectral dataset
for multivariate analysis. The PCA scores scatter plot naturally grouped the bioactive
EtOAC extracts in the upper left quadrant, while the n-Hexane extracts were positioned
in the lower left quadrant. On the other hand, the aqueous MeOH extracts of both
varieties were grouped together at the right quadrants of the plot, suggesting their
similar chemical profiles (Figure 3.7A). The loadings plot of NMR data showed that
these bioactive extracts contained glycosylated and aromatic metabolites as implied
by the H resonances at 3.00 to 4.00 and 6.00 to 7.00 ppm, respectively (encircled in
blue), shown in Figure 3.7B. The R? was 0.98 and Q? was 0.90 after six components,
which indicated a good, fitted model with good predictability.

For the OPLS-DA scores plot (Figure 3.8A), the extracts were pre-classified according
to their bioactivity results in the AlamarBlue® and DPPH assays. The bioactive
EtOAc extracts of Jordanian and European varieties were found dispersed in the lower
and upper left quadrant, respectively. This could be explained by the different chemical
profiles for the respective extracts. On the other hand, the inactive extracts were in the
right quadrants of the scores plot. For the OPLS-DA loadings plot illustrated in Figure
3.8B, the EtOAc extracts for Jordanian chamomile revealed the presence of

metabolites with chemical shifts resonating between 6.00 and 7.00 ppm, while a few
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glycosylated resonances at 3.0 to 4.0 ppm (encircled in red) were also evident.
Meanwhile, the NMR spectral data of European chamomile extracts exhibited a higher
density of resonances between 2.0 and 4.0 ppm, indicating the presence of acylated
and hydroxylated active metabolites (encircled in blue). On the other hand, the n-
Hexane and aqueous extracts for both chamomile varieties were distributed in the right
quadrants of the OPLS-DA scores plot. The corresponding loadings plot exhibited the
presence of resonances between 0.00 and 5.00 ppm for the inactive extracts,
suggesting the presence of lipids and glycosylated compounds. The R? was 0.98 and
Q? was 0.80, indicating good fitness and predictability. The R? indicates fitness of the
model and Q? indicates predictive ability of the model. The variation score between
groups was 24.9% but just 8.9% within groups, indicating lesser diversity within the
respective groupings but a more defined difference between the active and inactive

extracts.
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Figure 3.7: (A) PCA scores and (B) loadings plots of the NMR spectral data of M.
chamomilla. The R? and Q? values were 0.98 and 0.90, respectively. Encircled features
on the loadings plot indicate the discriminating chemical shifts for the biologically
active extracts.

109|Page



15 4 I Active
A B nactive
10
5 -
-H ChE
R @ ETOAC ChE ® n-Heane
§ 0 Ageous ChE @ @ Ageous Chy
*
N @ n-Hexane Ch)J
-5 @ ETOAC|ChJ
Active Inactive
-10
'15 T T T T T T T T T T T T T T T T 1
-25 -20 -15 -10 -5 0 5 10 15 20 25
t[1] * 1.01728
Scaled proportionally to R2X, R2X[1] = 0.249, R2X[2] = 0.0895,
Ellipse: Hotelling's T2 (95%)
B |o2s- o
Wo-10
8-9
0.2 - 7-8
6-7
0.15 M-
: 4-5
EtOAc-ChE m-s
~ (<)
Z 01- W23
3 B2
: Wo-1
§ 0051
o e
@
@
0
-0.05
'01 T T T T T T T 1
-0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

pql1] * 0.983017

Figure 3.8: (A) OPLS-DA scores and(B) loadings of the NMR spectral data of M.
chamomilla pre-classified according to their bioactivities in AlamarBlue® and DPPH
assay results. The R and Q? values were 0.98and 0.80, respectively. Encircled features
on the loadings plot indicate the discriminating chemical shifts for the biologically

active extracts.
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3.3.3.  NMR spectroscopy of M. chamomilla fractions

The *H NMR spectra of the Jordanian and European chamomile fractions were stacked
and presented in Figures 3.9 and 3.10, respectively. The bioactive fractions in the
Jordanian plant have peaks between 6.0 and 9.0 ppm, which is characteristic of
aromatic compounds such as phenylpropanoids. Furthermore, the European bioactive
fractions showed the presence of aromatic compounds indicated by resonances
between 6.5 and 8.0 ppm as well as for glycosylated compounds implied by peaks
between 3.0 and 4.0 ppm.
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Figure 3.9: Stacked *H NMR spectra of Jordanian chamomile (ChJ) fractions in DMSO-
ds measured at 500 MHz. Boxed spectra represent the bioactive fractions.
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Figure 3.10: Stacked *H NMR spectra of European chamomile (ChE) fractions in
DMSO-ds measured at 500 MHz. Boxed spectra represent the bioactive fractions.
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The same extraction and fractionation methodologies were employed for both the
active semi-polar extracts of the two chamomile varieties. The PCA scores plot of the
NMR spectral data (Figure 3.11A) showed differences between the European and
Jordanian varieties. The fractions obtained from the Jordanian herb were quite
homogeneous and closely clustered that implied a strong similarity in their chemical
profiles. Quite the opposite, the European fractions were more disperse and diverse
with the most polar fraction F12 emerging as an outlier. The *H NMR spectra of
fractions 11 and 12 revealed significant differences from the earlier eluted non-polar
fractions. Several signals from the aliphatic to the vinylic region were absent in the
most polar fractions of the European chamomile. This was in accordance to the
separation of the more polar fractions observed in the PCA scores plot of their NMR
spectral data, as shown in Figure 3.11A). In the generated model, R? was 0.92 and Q?
was 0.58, suggesting a model with good fitting but predictability was of medium
strength, which was caused by the dispersion of the fractions from the European

chamomile extract.

Comparative assessment of the NMR spectral data of the fractions was done by OPLS-
DA. As illustrated by a S-plot (Figure 3.11B), the European chamomile afforded more
of the glycosylated compounds unique to the variety, which was implied by the
discriminating peaks found between 3 and 4 ppm. On the other hand, the
discriminating features for the Jordanian variety were represented by higher density of
resonances between 6 and 7 ppm, which complied for polyphenolic proton chemical
shifts. Validation scores of the model gave a R? value of 0.97 and Q? of 0.95, whereas
the R2Y intercept was at 0.99 and the Q?Y intercept was at -1.04. These numbers
suggested both excellent fitting and prediction. The difference between R? and Q?
values was 0.02, indicating that the model was not overfitted. The validity of the model
was further confirmed by a permutation. The fact that Q*Y was negative, -1.04,
provided more evidence of its validity (Figure 3.12). Furthermore, the percentage
variation R2X,[1] between groups is 34.2% while within groups R2X[1] is 9%.
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Figure 3.11: (A) PCA scores plot and (B) OPLS-DA loadings S-plot of the NMR
spectral data of Jordanian and European fractions.
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Figure 3.12: Permutation test (100 permutations) of OPLS-DA model for Jordanian
and European fractions of their antioxidant using DPPH® assay and anticancer activity
against breast cancer cell line ZR-75.

3.3.4. Multivariate analysis of LC-HRMS data

The results from the anticancer and antioxidant assays were incorporated with the LC-
MS data for multivariate analysis. The extracts were grouped according to their
bioactivity. The active extracts were allocated in the right quadrants of OPLS-DA
scores plot, while the inactive extracts were in the left quadrants, as shown in Figure
3.13A. The biologically active EtOAc extracts from both Jordanian and European
chamomile were dispersedly distributed in the lower and upper left quadrants,
respectively, indicating different chemical profiles for the respective varieties. The
inactive extracts included aqueous MeOH and n-Hexane extracts from both varieties.
The OPLS-DA model gave validation scores of 1.00 and 0.96 for fitness (R?) and
predictability (Q?), respectively, that afforded a difference of less than 0.3, which
indicated a strong model without being overfitted. The variation R?X,[1] between
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groups was 25.9% while within groups R*X[1] was 41.2%. The large variation scores
within the respective groups suggested quite a diverse chemical profile between each
of the individual extracts in terms of their mass spectral data. From the OPLS-DA
loadings plot (Figures 3.13B), the bioactive metabolites displayed a m/z value range
between 270 and 600 Da, indicating a medium molecular mass, which supported the
'H NMR data that could support evidence for the presence of phenylpropanoids and
flavonoid compounds. The inactive extracts showed ion peaks for lower MWs
compounds between 150 and 340 Da.

OPLS-DA loadings plot (Figures 3.13B) afforded the discriminating metabolites that
were encircled in the red while those with p-values < 0.05 were listed in Table 3.3.
From the dereplication results, discriminating metabolites with p-values < 0.05 were
listed in Table 3.3 and their structures were shown on Figure 3.14. These included
N_3285 and N_3284 with ion peaks found at m/z 353.0880 and 515.1196 Da,
respectively, that were derivatives of caffeoyl quinic acid, which have been described
for their antioxidant activity (Forino et al., 2015). These metabolites were found in
the Jordanian chamomile EtOAc extract. Furthermore, discriminating metabolites with
MZmine ID P_7541, P_21550, N_3306, P_845 with m/z values of 449.1079,
465.1028, 465.1029, 463.0887, 495.1133 Da were dereplicated as flavonoid
derivatives. Numerous flavonoids have been shown to have anticancer properties.
However, the molecular mechanisms behind this effect have not been completely
understood (Kopustinskiene et al., 2020). The latter metabolites were found in the
European chamomile EtOAc extract, which supported the evidence for its anticancer
activity against breast cancer cells. A correlation between total phenolic content
and antioxidant activity have been earlier reported (Al-Rimawi et al., 2016), but not

with total flavonoid content.
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Figure 3.13: (A) OPLS-DA scores and (B) loadings plot for the mass spectral data
(ion peaks at m/z) of the crude extracts obtained by liquid-liquid partitioning. Encircled
features in red indicate the discriminating features for the active EtOAC extracts,
which were listed below in Table 3.3. The R? and Q? values were 1.00 and 0.96,

respectively.

117|Page



Table 3.3: Dereplication of the outliers with p < 0.05 determined from the OPLS-DA loadings plot (Figure 3.13B) of the
bioactive metabolite from both varieties of M. chamomilla EtOAc extracts. Structures of putatively dereplicated compounds are
shown in Figure 3.14.

No.

1

10

11

Var ID
P 1931

N_3284
P 1848
P_21550

P 7541
N_3306

P 1044
N_3290

N_3285

P 845

P 716
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p-values
3.60E-06

5.31E-05
2.16E-04
2.51E-04

2.51E-04
1.36E-03

2.83E-03
5.26E-03

1.06E-02

1.50E-02

4.06E-02

m/z
163.0389

515.1196

517.1341

465.1029

465.1028
463.0887

499.1235
493.0991

353.0880

495.1133

787.3694

Rt
(min)
7.84
8.43
8.43
7.55

7.55
7.61

8.46
7.72

8.34

7.76

12.56

MWt
162.0317

516.1269

516.1269

464.0956

464.0956
464.0960

498.1162
494.1064

354.0952

494.1061

786.3622

Name
7-hydroxy-2H-1-
benzopyran-2-one
3,5-di-O-caffeoylquinic
acid; 7"Z-isomer
3",4"-di-acetylcosmosiin
(apigenin glycoside)
2’455 7
pentahydroxyflavone
Quercetin-7-glycosides
3°,4°,5,5°,7 pentahydroxy
3 methoxyflavone
Elenoside
3-O-methylgossypetin 7-
glucoside

5-O-caffeoylquinic acid;
(E)-form

3,4°,5,6,7 pentahydroxy
3’-methoxyflavone

NT N° N0 N'4-tetra-trans-
p-coumaroylspermine.

Molecular
formula
CoHeO3
CosH24012
CosH24012
C21H20012

C21H20012
C22H22013

CosH22011
C22H22013

C16H1809

C22H22013

CaeHs0N4Os

Reported Source in
the database
M. chamomilla
Arnica montana
M. chamomilla

Artemisia hispanica

Athamanta macrophylla
Oenothera speciosa

Justicia hyssopifolia
Artemisia fragrans

Cynara scolymus,
Cydonia oblonga,
Aster scabe
Eupatorium tinifolium

M. chamomilla
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Figure 3.14: Structures of the discriminating bioactive metabolites, listed in Table 3.3,
from EtOAc extract of both varieties of M. chamomilla.
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3.4. Fractionation of the Extracts

Bioactive EtOAc extracts from both chamomile varieties were fractionated employing
the same solvent gradient. A semi-automated FC was carried out using a two-pump
Buchi Sepacore® system. A gram of the Jordanian and two grams of the European
extracts were respectively loaded in silica and eluted over a Versa Flash Silica
cartridge column 40x150mm. The chromatographic protocol was performed using a
solvent system as presented in Table 3.4. At a flow rate of 100 mL/min, the fraction
collection volume was set at 100 mL/flask. TLC was carried out to display the
separation profiles of the fractions and similar fractions were pooled together. The
pooled fractions were concentrated under vacuum by a rotary evaporator to give 12
major fractions from the European chamomile and 8 major fractions from the
Jordanian variety (Table 3.5). The total percentage recovery of the European fractions
was 40.1 %, whereas for the Jordanian fractions, it was 75.2%. The resulting fractions
were analysed using *H NMR and HRESI-MS for metabolomic profiling studies and

tested for antioxidant and anti-cancer activity.

Table 3.4: Mobile phase used for the Biichi Sepacore® fractionation of the EtOAc
extracts of both M. chamomilla varieties.

Time (min) % MeOH %DCM  %Acetone

0 1 99 0
20 1 99 0
30 2 98 0
40 3 97 0
46 5 95 0
52 10 90 0
60 30 0 70
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Table 3.5: Weights of fractions obtained from the Blichi Sepacore® fractionation of
the EtOAcC extracts of both varieties of M. chamomilla.

European chamomile  Weight Jordanian Weight
fractions (mg) chamomile (mg)
fractions
ChE-1 32.1 ChJ-1 31.6
ChE-2 331 ChJ-2 30.0
ChE-3 23.8 ChJ-3 26.7
ChE-4 6.2 ChJ-4 14.8
ChE-5 114 ChJ-5 38.2
ChE-6 11.7 ChJ-6 344
ChE-7 40.0 ChJ-7 277.4
ChE-8 8.2 ChJ-8 299.5
ChE-9 28.2
ChE-10 194.0
ChE-11 10.8
ChE-12 2.0
Total amount 401.5 Total amount 752.6
Recovery % 40.1% 75.2
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3.4.1. LC-HRMS analysis of M. chamomilla fractions

HRMS was used to assist in the dereplication of the metabolites found in the fractions
obtained by preparative chromatography. NMR experiments carried out on the fractions
complemented the putative identification of known compounds. Furthermore, the
distribution of metabolites in both varieties sorted by their MWt showed some
significant differences between samples.

On the first approach, the PCA model (Figure 3.15) was based on the MWt distribution
of the metabolites found in both chamomile varieties. The PCA scores plot (Figure
3.15A) of the LC-HRMS data of both varieties revealed that fractions obtained from
the Jordanian herb were overlappingly clustered together indicating a strong similarity
in metabolomic profiles between all these fractions. Like the indicative results
obtained from the NMR spectral data, fractions from European variety were dispersed

with the most polar fractions F10, F11, and F12 appeared as outliers (Figure 3.15A).

The European chamomile fractions may be classified into three groups: Fractions 1 to
9 (encircled in green), Fractions 10 and 11 (encircled in blue), and Fraction 12
(encircled in red). Fractions 1 to 9 overlapped with the Jordanian chamomile fractions,

indicating similarity in their chemical profile.

Despite the high score of 0.961 for the goodness of fit (R?), the model has a low
predictability score (Q?) of 0.356 after nine components. Polar fractions F10, F11, and
F12 were presented as outliers (Figure 3.15A), indicating that there was a strong
likelihood that they had a more distinct profile when compared to the other fractions
in the sample. The loadings plot in Figure 3.15B demonstrated the discriminatory
features for these outlying fractions. F10-ChE and F11-ChE were discriminated by
metabolites with MWts of 354.094 (N_3484), 516.125(N_9100 and N_4575), 517.129
(N_11743) and 1032.25 (N_5222) Da. Whereas F12-ChE was discriminated by
metabolites with MWts of 354.099 (N_2089), 516.134 (N_14912), 712.232
(N_14913) and (1032.27) N_14914 Da.
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N_9100, N_4575 and N_3484 were putatively dereplicated in Table 3.8 as either a
polyphenolic compound or flavonoid. These metabolites were also detected from the
crude active EtoAc extracts as shown Table 3.3 and were coded P_1848, N_3284, and
N_3285 in the positive and negative mode found at m/z 517.1341 [M+H]* 515.1196
[M—H]", and 353.0880 [M—H], respectively. N_14914 was identified as a complex of
515.126 and 515.126 (N_9100 and N_4575) m/z. while the others did not give any hits

and remain unidentified.
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Figure 3.15: (A) PCA scores and (B) loading plots of the LC-HRMS data of M.
chamomilla fractions for both varieties. Encircled in orange are the discriminatory
features for the corresponding outlying variable fractions.
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Furthermore, the fractions were evaluated to determine whether they were real outliers
using DModX. Fractions 11 and 12 were identified as true outliers, indicating that a
high possibility of having a more distinct profile when compared to the other fractions.
As seen by the DModX plot, variables above the red line are true outliers, which also
included Fractions 6, 8, and 9 (Figure 3.16). However, F10 was not classified as an

outlier.

2.5 [ Jordanian chamomile
. European chamomile

DCrit(0.05)

DModX[4](Norm), Weighted residuals

o W i W N M R i

F1-CHE
F2-CHE
F3-CHE
F4-CHE
F5-CHE
F6-CHE
F7-CHE
F8-CHE
F9-CHE
F10-CHE
F11-CHE
F12-CHE

Figure 3.16: DMod X results to validate true outliers of the model. Variables above
the red line are the true outliers that included Fractions ChE 6, 8, 9, 11, and 12
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For a more accurate observation of the chemical variations between both varieties, an
OPLS-DA showed further evidence for the difference between the metabolomic
profiles of the two varieties. The presence of metabolites with wider range of MWs
from 150 to 1600 Da was found in the European variant. Whereas, the Jordanian
variant afforded a narrower MW range of metabolites between 600 and 800 Da (Figure
3.17A).

The loadings plot was generated from the OPLS-DA scores plot model (Figure 3.17B).
The discriminating features for the European variety with ion peaks [M-H] at m/z
373.093, 269.045, 515.127, 515.118 and 1031.260 Da were associated with the active
fractions of the corresponding to F2-ChE, F8-ChE, F11-ChE and F12-ChE (355.103),
respectively. Interestingly, ion peaks [M-H] at m/z 515.127, and 515.118 Da were
already pinpointed as the discriminating features for the active EtOAc extracts and
1031.260 is a complex of 515.127 Da. Determination of the active fractions is
presented under Section 3.4.3. The generated model has an R? of 0.97 and a Q2 of 0.88.
These values suggested that the fitting and prediction were valid. Additionally, the
difference between Q? and R? was 0.072, less than 0.3, suggesting that no overfitting
occurred. The variation between two groups R?X,[1] was 21.8%. While the variation
within group R2X[1] was at 8.9%, which indicated that the fractions within the two
classes were very similar in their chemical profile. While on the other hand, there is a
defined difference between the Jordanian and European variants, since the variance

score between groups is significantly bigger than the variance score within groups.
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Figure 3.17: (A) OPLS-DA scores and (B) OPLS-DA loadings plots of the m/z ion
peaks grouped between Jordanian and European chamomile fractions. R and Q?
scores were 0.976 and 0.88, respectively.
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3.4.2. Biological assay results of the bioactive fractions

The resulting fractions were tested using DPPH assay for antioxidant activity. F11 and
F12 from the European variety while only F8 from the Jordanian variety showed
antioxidant activity (Figure 3.18), the ECso values of each bioactive fraction were
calculated, as shown in Table 3.6. Fraction 8 of the Jordanian variety was the most
potent antioxidant among all the fractions, which afforded an ECso value of 0.076
mg/mL. On the other hand, Fractions 11 and 12 showed an antioxidant activity with
ECso values of 0.311 and 0.165 mg/mL, respectively. Quercetin and ascorbic acid were

used as positive controls that exhibited ECsos of 0.146 and 0.034, respectively.

Moreover, fractions of both varieties were tested against both breast cancer (ZR-75).
The cell viability was measured at sample concentration of 30 pg/mL. Only fractions
F2-ChE and F8-ChE of the European variety exhibited anticancer activity against the
breast cancer cell line ZR-75. F2 and F8 showed 17% and 21% of cell viability,
respectively (Figure 3.19).

Furthermore, using eight concentrations, the 1Cso values against the breast cancer cell
line ZR-75 were determined for the bioactive fractions F2-ChE and F8-ChE (Figure
3.20). F2-ChE exhibited an ICsg of 1.94 uM, while F8-ChE showed an ICsp of 1.41
UM. The isolated bioactive fractions were also assayed for their toxicity against human
foreskin fibroblast cell line HS-27 and the results are shown in Figures 3.21 and 3.22.
The ICso value for F2-ChE against HS-27 was not obtainable while F8-ChE had an
ICso value of 3.18 uM. The ICsp values of both samples were in the ppm range. The
toxicity of the compounds was determined based on the ICso of normal HS-27 cells, if
the 1Cso is more than 90 pg/mL, the compound is considered as not cytotoxic.
Generally, if the ICso value falls between 2 and 89 pg/mL, the compound is
classified as moderately cytotoxic and if it is less than 2 pg/mL, the compound is
considered cytotoxic (Mazlan et al., 2020b). The selectivity index (SI) was calculated
by dividing ICso of the test cancer cell over the ICso of the normal tested cells. If the

Sl value was greater than 10 or if the IC50 value of a compound against the normal

128 |Page



HS-27 cell line could not determine from the dilution curve, then this suggested that

the tested compounds were considered selective (Vonthron-Sénécheau et al., 2003).

The selectivity index for F2-ChE and F8-ChE were not obtainable, which indicated
both fractions were selective. Both compounds had an ICso on the normal HS-27 cells
above 90 pug/mL, which suggested that were not toxic. F2-ChE and F8-ChE were found
selective against the tested breast cancer cell line and was not toxic against the normal
cell line HS-27 (Table 3.7).
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DPPH assay of F11 of the European chamomile DPPH assay of F12 of the European chamomile DPPH assay of F8 of the Jordanian chamomile
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Figure 3.18 : DPPH assay of the bioactive fractionated samples.

Table 3.6: ECxo for the bioactive fractions that possess antioxidant activity. n= number
of samples

Trend line equation R? ECso ECsouM n
mg/mL

F11 ChE y = 15.466In(x) + 0.9156 0.311 603 3
68.738

F12 ChE y = 11.573In(x) + 0.9249 0.165 463 3
67.599

F8 ChJ y =9.3158In(x) + 0.9605 0.076 147 3
74.126

ascorbic acid y =10.592In(x) + 0.9664 0.146 829 3
70.222

quercetin y =16.534In(x) + 104.2  0.9383 0.034 113 3
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Figure 3.19: AlamarBlue® assay of fractions from both M. chamomilla varieties.
Effect of 30 mg/mL A) Jordanian and B) European chamomile fractions on breast
cancer cells.
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Figure 3.20: Standard curves to determine the ICso values for the bioactive fractions
A) F2 and B) F8 from the European chamomile tested against the breast cell line ZR-
75.
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Figure 3.21: Effect of 30 pg/mL European chamomile active fractions against ZR-75
cancer cells and HS-27 normal cells.
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Figure 3.22 : Standard curves to determine the 1Cso values for the bioactive fractions
A) F2 and B) F8 from the European chamomile tested against the normal cell line HS-
27.

Table 3.7: ICsp values in uM for the bioactive European chamomile fractions against
the tested cell lines. If SI greater than 10 or the ICs of the tested normal cell was not
obtainable, then the compound considered selective (Vonthron-Sénécheau et al.,
2003).

Bioactive ICs0 ZR- ICso HS- ICs0 HS- toxicity Si
fraction 75(uM) 27(uM) 27(ug/mL)

F2-ChE 1.94 > 100 >90 Not toxic (selective)
F8-ChE 1.41 > 100 >90 Not toxic (selective)
Legend: Sl=selectivity index. If IC50 of HS-27 > 90 pg/mL=not toxic, 2-89 ug/mL=moderate

cytotoxity and if less than 2= cytotoxic
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To validate the hypothetical association of the discriminating features for the European
variety with its active fractions, an OPLS-DA model was also generated between
active and inactive fractions regardless of the chamomile variety. The comparison
would pinpoint the bioactive metabolites responsible for the antioxidant activity and
anticancer against breast cancer cell line ZR-75. The bioactive fractions of F8-ChJ,
F2-ChE, F8-ChE, F11-ChE and F12-ChE were grouped together apart from the
inactive fractions (Figure 3.23A). The results in Figure 3.23B showed that the isolated
anticancer compounds, presented under Section 3.5, with MWts of 270.053, 356.11,
374.1. 516.125, and 516.134 Da were all found on the active quadrant of the S-plot.
Dereplication data for these metabolites were highlighted in Table 3.8. The total ion
chromatograms (TIC) shown on Figure 3.24 reveals the relative intensity of the
isolated discriminating features for the anticancer fractions. Structures of the
discriminating bioactive metabolites that were proposed to be active antioxidant and
anticancer against breast cancer (ZR-75) were listed in Table 3.8 and presented in
Figure 3.25.
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Figure 3.23: A) OPLS-DA scores plot and B) S-plot of the mass spectral data (MW)
grouped between active and inactive fractions. R? and Q? values are equal to 1.0 and
0.41, respectively. The discriminatory features were labelled with their ion peaks at

m/z.
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Table 3.8: Dereplication of target bioactive metabolites against breast cancer (ZR-75) and antioxidant activity as predicted by
OPLS-DA loadings S-plots. Metabolites were arranged according to their ascending p-values. Highlighted rows represent
compounds that were isolated from both chamomile varieties.

Primary
ID p-value
N_5225 0.0020

N_3180 0.0137
N_11757 0.0144
N_2695 0.0145

N_11748 0.0146

N_9100 0.0146
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m/z
355.1031

269.0452
655.4065
785.3552

445.2447

515.1190

Rt

(min)

5.54

12.55
13.55
12.92

13.37

8.10

MWt
356.1104

270.0525
656.4137
786.3625

446.2520

516.126

Compound name
1-O-p-coumaroylglucose (1)

4'-O-B-D-allopyranoside (2)
4'-O-B-D-galactopyranosid (3)

Z-Glucoferulic acid (4)
4' 5,7-trihydroxyisoflavone (5)
bractic acid (6)
spermine; N N° N0 N4
tetrakis(4-hydroxy-E-
cinnamoyl) (7)
2-acetyl-3-O-(2-
methylpropanoyl) -D-
glucose-4-O-(8-
methylnonanoyl) (8)
O-[3,4-dihydroxy-E-
cinnamoyl-4-a-D-
glucopyranoside] (9)
3",4"-di-acetyl cosmosiin*;
(10)

3,5-di-O-caffeoylquinic acid,;
7"Z-isomer* (11)

molecular
formula
C16H2009

C15H100s
CssHe0011
CssHs50N4Os

C22H3809

CosH24012

Source
M. chamomilla
Cimicifuga
heracleifolia
Cimicifuga dahurica
Equisetum arvense

Leguminosae subf.
Ajuga bracteosa
M. chamomilla

Solanum aethiopsicum

Erycibe obtusifolia

M. chamomilla
Arnica montana



Primary
ID
N_11749
N_11744
N_3234

N_11753
N_5224
N_11652

N_5231

N_5236
N_5226
N_3484

N_4575

N_11743
N_2900
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p-value
0.0165
0.0165
0.0169

0.0188
0.0202
0.0236

0.0421

0.0515
0.0653
0.0670

0.0772

0.0868
0.1009

m/z
971.4864
447.0921
329.2329

441.2497
655.1293
493.0977

355.1026

463.0874
711.2130
353.0872

515.1182

516.1220
431.0976

Rt
(min)
14.43

7.68
12.89

14.53
9.14
7.79

7.23

7.56
7.23
8.85

8.47

8.29
8.61

MWt
972.4937
448.0994
330.2402

442.2570
656.1366
494.1049

356.1098

464.0947
712.2203
354.0944

516.1255

517.1290
432.1049

Compound name
calendasaponin B (12)
carthamone (13)
6,9,10-trihydroxy-7-
octadecenoic acid (14)
asebotoxin VI (15)
Tinctoside (16)
3-0-B-D-glucopyranoside (17)
O-B-D-Galactopyranoside (18)
1-O-p-coumaroylglucose (19)

4'-0-B-D-allopyranoside (20)

4'-O-B-D-galactopyranosid
(21)

Z-Glucoferulic acid (22)
myricetin-7-rhamnoside (23)
theaflavanoside 11 (24)
E-5-O-caffeoylquinic acid (25)

3,5-di-O-caffeoylquinic acid
(26)
No hits
thalictiin (27)

molecular
formula
CagH76020
C21H20011
C18H3405

C23H380s
C31H28016
C22H22013

C16H2009

C21H20012
C32H40018
C16H1809

CosH24012

C21H20010

Source
Calendula officinalis
Carthamus tinctorius

Sparganium
stoloniferum
Pieris japonica
Anthemis tinctoria
Eupatorium tinifolium

M. chamomilla
Cimicifuga
heracleifolia
Cimicifuga dahurica
Equisetum arvense

Myrsine africana
Camellia sinensis
Cynara scolymus
Cydonia oblonga
Cynara scolymus

Thalictrum thunbergia
Chrysanthemum
morifolium



Primary Rt
ID p-value m/z (min) MWt
N_5222 O'%(fl 103%'240 835  1032.25

N_14912 0.1085 515.1265 8.09  516.1338

N_14913 0.1085 711.2250 7.23  712.2320

N_14914 0.1085 1031.260 8.09 1032.2679
6

N_2089 0.1104 353.0930 8.48  354.0993
N_2649 0.1406 359.0772 13.57 360.0845

N_435 0.3460 373.0926 1556 374.0999

*Structures are shown under Figure 3.11
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Compound name
No hits

antibiotic a 503083f; methyl
ester (28)
No hits
Complex of m/z 515.1265 and
515.1265
No hits
chrysosplenol D (29)

4' 5-dihydroxy-3,3',6,7-
tetramethoxyflavone (30)

molecular
formula

C19H24N401
3

C18H160s

C19H180s

Source

Streptomyces sp. SANK
62799

Cyanostegia
microphylla,
Chrysosplenium
alternifolium,
Chrysosplenium
tetrandrum,
Chrysosplenium spp.
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Figure 3.24: Total lon Chromatogram (TIC) of the active fractions. The labelled ion peaks represent the isolated
discriminating features highlighted in Table 3.8.
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Figure 3.25: Structures of the discriminating bioactive metabolites against breast cancer (ZR-75) and antioxidant activity as
listed in Table 3.8. Structures in black boxes were the isolated compounds in this study.
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Figure 3.26 (continued): Structures of the discriminating bioactive metabolites against breast cancer (ZR-75) and antioxidant

activity as listed in Table 3.8. Structures in black boxes were the isolated compounds in this study.
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3.5.  Structural elucidation of biologically active fractions

The bioactive compounds were submitted for *H NMR, 2D NMR and LC-HRMS. The
dereplication study on the antioxidant and anticancer fractions of both varieties were
performed by using the HPLC-MS data, which help to find major metabolites present
in the active fractions that were unidentified using the DNP database. Dereplication
can be performed by analysis of exact mass and fragmentation patterns, as well as
using retention time, which can aid in identification of compounds. Structure
elucidation of the bioactive compounds was accomplished on F8 of the Jordanian
chamomile and F2, F8, F11, and F12 of the European chamomile (Figure 3.26).

Bioactive

EtOAC extracts

Jodanian
chamomile

European

chamomile

F2-ChE F8-ChE F11-ChE F12-ChE F8-ChJ
33 mg 8 mg 10.8 mg 2.0 mg 299 mg
ZR-75 active ZR-75 active antioxidant antioxidant antioxidant
I I I I I
f 3,5-0O-
chrysosplenetin apigenin cynarin gluc;)ggrullc dicaffeoylquini
id c acid

Figure 3.26: Schematic diagram summarising the isolation and elucidation of the
bioactive compounds produced by the two M. chamomilla varieties.
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3.5.1. Structure elucidation of F8-ChJ from Jordanian chamomile
Chemical Formula: CzsH24012
Exact Mass: 516.1264
3,5-O-dicaffeoylquinic acid
Figure 3.27: Chemical structure of F8-ChJ
Calculated| Target Double Bond Absolute Error | Error .
Formula . Fitness
Mass Mass Equivalence |Error (ppm)| (mDa) | (ppm)
Cas Ha3 O12 [515.11895(515.11824 14.5 1.39 -0.72 | -1.39 1.000
C:\Users\ruang...esis\F8-CHJ.raw Injection 1 FTMS {1,2} -...150.00-2000.00] BPC 515.12 Da
8.472
4.0x101
3.0x104
z
é 2.0x10-]
1.0x10
0.04
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 4
Retention time (min)
C:\Users\ruang...esis\F8-CHJ.raw Injection 1 FTMS {1,2} - ...150.00-2000.00] MS - spectrum 8.40..8.54
9.0x10% CoH.0, 5151182
8.0x10* 3% 567h [M'H]O
- Cpth3Orp
6.0x10%
-‘g? 5.0x10%
2 soar] o
3.0xadt] 19105 516.1215 .
2.0x1¢8] 354.0903 I 1032.2482
1.0x104 \ - (517.1237 1033.2509
0.0 bl ek
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Figure 3.28. Extracted ion chromatogram and mass spectrum of F8-ChJ from the
Jordanian chamomile showing source fragmentation at m/z 515.1182 [M—H]" eluting at
8.47 min.
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The total ion chromatogram of the bioactive fraction F8-ChJ (Figure 3.28) presented
a major compound with following ions peaks at m/z 179.0341 for CogH704, 191.0552
for C7H110s, 353.0879 for C16H1709, 515.1187 for CasH2301. [M—H], and 1031.2450
for [2M—H]™ CsoHa7024with a RT of 8.47 min and average intensity of 4.0E+7 (Figure
3.29). The fragmentation pathway of the spectral data was comparable to those
reported in the literature . The MS fragmentation of F8-ChJ is compatible to that of a
dicaffeoylquinic acid isomer (Figure 3.29). These fragmentations were confirmed by

exact mass measurement of the ions presented in Table 3.9.

CasH23012 m/z 515
/ C16H1705 m/z 353 \
( CoH,0,4 m/z 179 \
( HO OH \
/

HO"
\\QHHO6 m/z 191 OH /

\

N\

Figure 3.29: Fragment scheme of a dicaffeoylquinic acid isomer.

Table 3.9: Fragments ions of a dicaffeoylquinic acid isomer at Rt 8.47 min as shown in
Figure 3.29

molecular
fragment moiety formula m/z Highlighted box
dicaffeoylquinic acid CasH23012 515.1187 blue
3 or 5-O-caffeoyl quinic acid C16H1709 353.0879 red
caffeic acid CyH704 179.0341 black
quinic acid C7H1106 191.0552 green
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Figure 3.30: 'H NMR spectrum of F8-ChJ in CD3OD measured at 400 MHz.

F8-ChJ was isolated as a yellow amorphous powder with a yield of 299 mg. HREIMS

analysis showed molecular ion peak at m/z 515.134 [M—H]", corresponding to the

molecular formula C2sH23012. The *H NMR spectrum in Figure 3.30 revealed the presence
of three oxygenated methine protons at o4 5.36 (1H, t, J=6.0, H3), 5.86 (1H, d, J=13.1,
H5), and 4.94 (1H, dd, J = 13.0, 6.0 Hz, H4), two methylenes at 6H 2.30 (1H, q, J =5.7
Hz, H6eq), 2.12 (1H, m, H6ax), 2.09 (1H, br's, H2eq), 1.97 (1H, m, H2a). Furthermore,
the 'H NMR spectrum disclosed the presence of two pairs of aromatic ABX protons at 84
7.08 (1H, d, J=2.0 Hz, H2' and H2'"), 6.98 (1H, brd, J = 8.3 Hz, H6’ and H6'"), 6.80 (1H,
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d, J = 8.1 Hz, H-5" and H-5"), and four trans-oriented olefinic protons at én 7.63, (each
1H, d, J=16.5 Hz, H7" and H-7"") and 6.30 (each 1H, d, J = 16.5 Hz, H-8', H-8""), which
were attributed to a trans-caffeoyl moiety. The existence of two caffeoyl units was clear
based on the integration of the proton peaks. The large coupling constant of 16.5 Hz
between the olefinic protons of the caffeoyl moiety suggested a trans-configuration.

The *H-'H COSY spectrum showed coupling between the oxygenated methines H3, H4,
and H5 with proton resonances at ca.2 ppm for H2 and H6, which suggested the presence
of a quinic acid nucleus that is responsible for the isolated spin system highlighted in green
lines and box (Figure 3.31). The coupling protons for the ABX (yellow line and box) and
olefinic (blue line and box) systems were observed in the downfield region between 6.0
and 8.0 ppm.

The quaternary carbons were detected using HMBC correlation (Figure 3.32), there were
three carbonyls (C9’, C9”, and C7 at 167.2, 167.2, and 176.5 ppm, respectively); four
hydroxylated aromatic carbons C3’, C4’, C3"”", C4"" at 147.5, 146.5, 147.5 and 146.5 ppm,
respectively; an alkyl-substituted aromatic carbon for C1’ and C1"" at 121.6 ppm; and one

oxygenated aliphatic quaternary carbon at 71.7 ppm for C1.

There were no clear HMBC correlations that supported the connectivity of two caffeoyl
residues on the quinic acid group. The caffeoyl moiety had an ester linkage with a
hydroxyl group of the quinic acid unit, which deshielded the corresponding methine
proton significantly downfield. Alternately, if signals of the quinic acid ring protons H3,
H4, and H5 were shifted upfield, then the caffeoyl group would be attached to the hydroxyl
group at C1 of the quinic acid as earlier described in the literature (Horman et al., 1984;
Clifford, 1986; Slacanin et al., 1991). The proton signals of H-3 (4.94 ppm) and H-5 (5.86)
were significantly deshielded, implying that the attachment of C-1 of the caffeoyl moeity
to the hydroxyl group of the quinic acid unit. Accordingly, full assignment of the spectral
data of F8-ChJ was identified as 3,5-O-dicaffeoylquinic acid (Tolonen et al., 2002). The
'H and 3C NMR assignments are presented in Table 3.10.
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Figure 3.31: (*H-'H) COSY correlation spectrum of F8-ChJ in CD3OD measured at 400
MHz.
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Figure 3.32: HMBC spectrum of F8-ChJ in CD3OD measured at 400 MHz.
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Table 3.10. 'H and ¥*C NMR data of F8-ChJ in CD30D.

Position
1

o Ol N
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71.7qC
38.0 CH2
61.7 CH
64.1 CH
64.2 CH
39.7 CH2

176.5qC
121.6qC
1179 CH
1475qC
146.5qC
113.9

121.0 CH
157.4 CH
113.7CH
167.2qC
121.6qC
1179 CH
1475qC
146.5qC
1139 CH
121.0 CH
157.4 CH
113.7CH
167.2 qC

&n (mult, Jin Hz) COSY

2.09, 1.97
5.36 t (6)

4.94 dd (13.0, 6.0)

5.86d (13.1)
2.30q (5.7)
2.12m

7.08 d (2.0)

6.80 d (8.1)

6.98 brd, (8.3)
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3.5.2. Structure elucidation of F2-ChE from the European chamomile.
~
3'-CH3
Chemical Formula: C19H1s0s
MWst: 374.1000
chrysosplenetin
Figure 3.33: chemical structure of F2-ChE
Calculated| Target Double Bond Absolute Error | Error .
Formula . Fitness
Mass Mass Equivalence | Error (ppm) | (mDa) | (ppm)
C19 Hig Os |375.10744(375.10803 11.0 1.56 0.58 1.56 1.000
C:\Users\ruang...\f2-ChE (2).raw Injection 1 FTMS {1,1} + ...150.00-2000.00] BPC 375.107 Da
15.52
2.5x10"
2.0x10H
2 1.5x10%]
£ Lo
5.0x10"
0.0q
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 4
Retention time (min)
C:\Users\ruang...\f2-ChE (2).raw Injection 1 FTMS {1,1} + ...150.00-2000.00] MS + spectrum 15.43..15.61 - 15.20 - 1
375.1080
6.0x10"] [M+H]
5.0x10]
z 4.0x104
E 3.0x10%]
2.0x10™]
376.1112 .
1.0x10% [oM+H)
1711133 448.2056 749.‘2094
0.0+ Il _ b

T T T T T T T T T T T T T T T T T T
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10
m/z (Da)

Figure 3.34A. Extracted ion chromatogram of F2-ChE for the ion peak at m/z 375.1080
[M+H]*at a RT of 15.5 min.
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Formula

Calculated
Mass

Target
Mass

Double Bond
Equivalence

Absolute
Error (ppm)

Error
(mDa)

Error
(ppm)

Fitness

Ci9 Hi7 Os

373.09234

373.09271

11.5

0.98

0.36

0.98

1.000

C:\Users\ruang...\f2-ChE (2).raw Injection 1 FTMS {1,2} -...150.00-2000.00] BPC 373.093 Da
1.0x10% 15.53
9.0x10"
8.0x 10"
7.0x 10"
6.0x 10"
5.0x 10"
4.0%x10
3.0x10"
2.0x101
1.0x101

0.0

Intensity

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 4
Retention time (min)
C:\Users\ruang...\f2-ChE (2).raw Injection 1 FTMS {1,2} -...150.00-2000.00] MS - spectrum 15.44..15.60 - 15.22 - 15
373.0927
[M-H]

2.0x10

1.5x10

1.0x10

Intensity

5.0x10%] 374.0960

358.0695

T
250

0.0

T T T T T T T T T T
550 600 650 700 750 800 850 900 950 10(

m/z (Da)

Figure 3.34B. Extracted ion chromatogram of F2-ChE for the ion peak at m/z 373.0927
[M-H] at a RT of 15.5 min.

T T T T T T T
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F2-ChE (33 mg) afforded a high yield with a TIC peak area of 3.64E+09(Figure 3.34).
HRMS established a molecular formula of C19H190g with an ion peak at m/z 375.1080
[M+H]* and 749.2094 [2M+H]" eluting at 15.5 min (Figure 3.34A). In the negative
mode, the ion peak at m/z 373.0927 [M-H] was observed for the molecular formula
C19H170s (Figure 3.34B).
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Figure 3.35: *H NMR spectrum of F2-ChE in DMSO-ds measured at 400 MHz.

The *H NMR spectrum of F2-ChE in Figure 3.35 showed the presence of four methoxy
singlets at 84 3.98 (3H, s, H7), 3.88 (3H, s, H5' ), 3.82 (3H, s, H3), and 3.74 (3H, s, H6),
and four aromatic protons at én 7.69 (1H, d, J=2.07 Hz, H6'), 7.64 (1H, dd, J=2.07 and
8.45 Hz, H2'), 6.97 (1H, d, J=8.45 Hz, H3'), 6.94(1H, s, H8). The multiplicities and
coupling constants of H2’, H3’, and H6" were typical of a tri-substituted aromatic ABX

system. In addition, two hydroxyl signals at 84 12.64 (s, 5-OH) and 9.97 (s, 4'-OH) were
observed.

The HMBC spectrum shown in Figure 3.36 helped assigned the *3C resonances for F2-
ChE, which included 8¢ 159.3 (C-2), 137.9 (C-3), 178.6 (C-4), 152.2 (C-5), 131.9 (C-6),
162.7 (C-7), 155.6 (C-9), 105.9(C-10), 121.0 (C-1'), 112.2 (C-3'), 150.6 (C-4"), 155.5 (C-

152 |Page



5"),and 121.1 (C-6"). HMBC correlations disclosed the presence of four aromatic methine
carbons (through cross peaks with C3” and C6’ at 112.3, and 121.1 ppm, respectively),
and ten non-protonated carbons (four of them were aromatic (C2, C9, C10, and C1’ at
159.3, 155.6, 105.9, and 121.0 ppm, respectively), two quaternary aromatic attached to a
hydroxyl group (C4" and C5 at 150.6, and 152.2 ppm, respectively), four quaternary
aromatic carbons attached to methoxy groups (C3, C6, C7, C3' at 137.9, 131.9, 162.7, and
155.5, respectively) and one carbonyl ketone at 178.6 ppm for C4.

HMBC correlations in Figure 3.36 established the connectivity of the substructures
postulated from the 'H NMR spectral datA.Correlations from 5-OH to C5, C6 and C10
ascertained ring A of a flavonoid structure.  Allocating ring C was achieved from
correlations between H2" to C3’, C4’ and C5’ as well as H5 to C6’. Furthermore, the
HMBC cross peak between H8 at 4.98 ppm with C5, C6, C7, and 10 was used to identify
ring B.  The structure of F2-ChE was identified as 4'5-dihydroxy-3,3',6,7-
tetramethoxyflavone also known as chrysosplenetin. NMR spectral data of F2-ChE
presented in Table 3.11 was compatible and identical to chrysosplenetin as described in
the literature (Alwahsh et al., 2015).
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Figure 3.36: HMBC spectrum of F2-ChE in DMSO-ds measured at 500 MHz.
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Table 3.11: *H and 3C NMR data of F2-ChE in comparison to chrysosplenetin (Alwahsh et al.,

2015)

Atom
no.

O ~NO Ol WN

9
10
1'
2'

3'

4'
5
6’

5-OH

4'-OH
6-OCHs
3-OCHs
3-OCHs
7-OCHs

13C
(mult) in
MeOH-
de*
159.3gC
137.9qC
178.6 qC
152.2 qC
131.99C
162.7 qC

n.d.

155.6 qC

105.9gC

121.09C
n.d.

112.2
CH
150.6 qC
155.5qC
121.1
CH
n.d.
n.d.
n.d.
n.d.
n.d.
n.d.

13C Iit.
in
CDCl3

156.10
138.73
178.95
152.79
132.34
158.86
90.45

152.38
106.61
122.45
110.99

114.72

148.51
146.51
122.68

60.98
60.25
56.22
56.44

IH lit. (mult)
in DMSO-ds
JinHz
6.94 s
7.65 dd 2.14,
8.33
6.97 d 8.39
7.69d 2.14
12.64 s
9.97s
3.74s
3.82s
3.88s
3.93s

H (mult)
in DMSO-ds
JinHz

6.94 s

7.64dd 20,85

6.97d 8.5

7.69d 2.0

12.64 s
9.97 s
3.74s
3.825s
3.88s
3.98s

HMBC

C5, C6, C7,
C9, C10

C3', C4', CY

Cr, c4

C4', CY
Cs, C6, C10

C6
C3
Co
C7

*13C assignment obtained from HMBC spectrum; n.d. (not detected)
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3.5.3. Structure elucidation of F8-ChE from European chamomile.
50H
4'OH|-Io
Chemical Formula: C15H100s
Exact Mass: 270.0525
apigenin
Figure 3. 37: Chemical structure of F8-ChE
Formula Calculated| Target Double Bond Absolute Error Error Fitness
Mass Mass Equivalence Error (ppm) | (mDa) | (ppm)
Ci5 He Os [269.04555(269.04744 11.5 7.04 1.89 7.04 1.000
C:\Users\ruang...oads\f8-ChE.raw Injection 1 FTMS {1,2} -...150.00-2000.00] BPC 269.045 Da
2.0x10% 12.55
1.5x104
'g 1.0x104
5.0x10
0.0q L
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 a4 4
Retention time (min)
C:\Users\ruang...oads\f8-ChE.raw Injection 1 FTMS {1,2} - ...150.00-2000.00] MS - spectrum 12.48..12.64 - 12.31 - 1.
269.0431
4.0x10 (M-H)
3.0x10]
g 2.0x10%]
1.0x10™] 270.0464 [2M-H]
— 539.0933
0.04 L
1‘50 2b0 2‘50 360 3‘50 4b0 4‘50 SbO 5‘50 660 6‘50 7b0 7‘50 SbO 8‘50 960 9‘50 16
m/z (Da)
Figure 3.38A.Extracted ion chromatogram of F8-ChE for the ion peak at m/z 269.0450
[M—H]™ eluting at RT of 12.5min .
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Calculated| Target Double Bond Absolute Error | Error .
Formula X Fitness
Mass Mass Equivalence | Error (ppm) | (mDa) | (ppm)
Ci5 Hi0 Os 1271.06010(271.06000 11.0 0.38 -0.10 | -0.38 1.000
C:\Users\danaa...mass\f8-ChE.raw Injection 1 FTMS {1,1} + ...150.00-2000.00] BPC 271.06 Da
8.0x107] 12.584
7.0x 10
6.0x 10"
. 5.0x10"
E 4.0x104
E 3.0x10]
2.0x10
1.0x104
0.01
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 4

Retention time (min)

C:\Users\danaa...mass\f8-ChE.raw Injection 1 FTMS {1,1} + ...150.00-2000.00] MS + spectrum 12.49..12.63 - 12.2¢

271.060
[M+H]

1.4x10%
1.2x109
1.0x10

8.0x10%]

Intensity

6.0x10%]
4.0x104

2.0x10%

0.0q

T T T T T T T T T T T T
900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200
m/z (Da)

T T T T T
400 500 600 700 800

Figure 3.38B. Extracted ion chromatogram of F8-ChE for the ion peak at m/z 271.0600
[M+H]" eluting at RT of 12.5 min.

F8-ChE (Figure 3.38) gave an ion peak at m/z 269.0474 for C1sHyOs [M—H] ™ and 539.1022
[2M-H] ataRT of 12.5 min and a peak area of 1.015E+09 (Figure 3.38A). In the positive
mode, an ion peak was observed at m/z 271.0600 [M+H]* (Figure 3.38B). F8-ChE gave a
yield of 8 mg.

The *H NMR spectrum in Figure 3.39 revealed the presence of three hydroxyl singlets at
0H 12.96 (50H), 10.34 (4'0OH) and 10.19 (70H); seven aromatic protons at 6n 7.93 (2H,
dd, J=9.4, 2.9 Hz, H2', H6'), 6.93 (2H, m, H3', H5'), 6.78 (1H, s, H-3), 6.48 (1H, d, J =
2.1 Hz, H8), and 6.19 (1H, d, J = 2.1 Hz, H6). The resonances at o 7.93 and 6.93 that
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integrated for 2H each with a coupling constant of 9.4 Hz for a doublet indicated an
AA'BB’ system. Dereplication of the mass spectral data of the bioactive fractions
putatively identified the presence of 4',5,7-trihydroxyisoflavone or apigenin. Comparison
of the extrapolated NMR resonances observed for F8-ChE to those of a synthesised
apigenin (Victor et al., 2017), both measured in DMSO-ds at 400 MHz, afforded similar
spectral data (Table 3.12). The structure of F8-ChE was elucidated then elucidated as

apigenin.

E41259.1.fid

2/3\4/48:'
\ |
N N N N
| | I
NN
L

8 (d)
6.48
3(2.10)

70H (s)
10.19

50H (s) 4'0H (s), 2,6 (dd) 3,5' (m) 6 (d)
12.96 10.34 7.93 6.93 6.19
: : 3(9.43, 2.95) : J2.11)

~
<)

T T T T T T T T T T T
13.5 13.0 12.5 12.0 11.5 11.0 10.5 10.0 9.5 9.0 8.5
f1 (ppm)

Figure 3.39: 'H NMR spectrum of F8-ChE in DMSO-ds measured at 400 MHz.
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Table 3.12: *H NMR data of F8-ChE and synthesised apigenin measured at 400 MHz.

Atom no. H (mult) F8-ChE 'H (mult) synthesised apigenin
(DMSO-ds) (DMSO-ds)
3 6.78 s 6.75s
6 6.19d,J=2.1Hz 6.17d,J=211Hz
8 6.48d,J=2.1Hz 6.46d,J =210 Hz
2 7.93dd,J=9.4,29Hz 7.91d,J=9.43Hz
3 6.93m 6.94 m
S 6.93m 6.94 m
6 7.93dd,J=9.4,29 Hz 7.91d,J=9.43Hz
5-OH 12.96 s 12.95s
4'-OH 10.34 s 10.50 overlapping brs
7-OH 10.19s 10.50 overlapping brs
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3.5.4.  Structure elucidation of F11-ChE from European chamomile.

1,5-O-dicaffeoylquinic acid 1,3-O-dicaffeoylquinic acid

Chemical Formula: C2sH24012
MWi: 516.1261
1,3 dicaffeoyl quinic acid
Figure 3.40: Chemical structure of F11-ChE

Calculated Double Bond Absolute
Formula Target Mass - Error (mDa)|Error (ppm)
Mass Equivalence | Error (ppm)
C2sHzs O12 | 517.13460 | 517.13383 13.5 1.50 -0.77 -1.50
C:\Users\ruang...sis\f11-ChE.raw Injection 1 FTMS {1,1} + ...150.00-2000.00] BPC 517.135 Da
8.10
1.5%10
"g? 1.0x10"
o)
5.0x10%
9.81
0.04 -
2 4 & 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 4
Retention time (min)
C:\Users\ruang...sis\f11-ChE.raw Injection 1 FTMS {1,1} + ...150.00-2000.00] MS + spectrum 7.99..8.24 - 7.76 - 8.29
5.0x104 517.1338
[M+H]
4.0x10%
> 3.0x104
5 [2M+H]
£ 2.0x10% 1033.2612
518.1370
Loxid 1034.2645 [BM+H]
3 1035.2671 1549.3885
B SO B T oo

T T T T T T T T T T T T T T T T T T T
200 300 400 500 600 700 800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 200
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Figure 3.41A. Extracted ion chromatogram of F11-ChE for the ion peak at m/z
517.1338 [M+H]* with a RT of 8.1 min.
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Calculated Target | Double Bond | Absolute Error
Formula - Error (mDa) Error (ppm)
Mass Mass Equivalence (ppm)
C2sH23012 | 515.11895 |515.11753 14.5 2.76 -1.42 -2.76
C:\Users\ruang...sis\f11-ChE.raw Injection 1 FTMS {1,2} -...150.00-2000.00] BPC 515.112 Da
8.12
1.0x104 8.87
by
= 5.0x10
0.0
2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 4
Retention time (min)
C:\Users\ruang...sis\f11-ChE.raw Injection 1 FTMS {1,2} - ...150.00-2000.00] MS - spectrum 8.00..8.21 - 7.81 - 8.30
515.1175
3.5x104 [M-H]
3.0x10
2.5x 104
z
2 2.0x10% [2M-H]
S 1.5x10% 1031.2429
516.1207
1.0x 10 — 1032.2462
5.0x10% 517.1229 1033.2489
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Figure 3.41B. Extracted ion chromatogram of F11-ChE for the ion peak at m/z 515.1117
[M—H] with a RT of 8.1 min.
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F11-ChE was isolated as a yellow amorphous powder with a yield of 10.8 mg. Mass
spectrometric results suggested a DBE of 14, which accounted for three rings, eight double
bonds from the aromatic system, and three carbonyl groups as part of the structure.
HREIMS established a chemical formula of C25H24012 for the ion peak at m/z 517.1338
[M+H]", in addition to ion peaks at m/z 1033.2612 [2M+H]" and 1549.3885 [3M+H]"
(Figure 3.41A). In the negative mode, an ion peak was observed at m/z 515.1179 [M-H]
and 1031.2451 [2M—-H] at a RT of 8.1 min (Figure 3.41B).

'H NMR spectrum of F11-ChE (Figure 3.42) was comparable to that of F8-ChJ and are
structural isomers having the same MWts and gave a difference of 0.3 seconds in their
elution time. Although the spectral data of F11-ChE and F8-ChJ, they were still not
identical. Both respective isomers were found to be the most abundant in each of the
varieties. However, the spectral data of both metabolites were very different to that of any
of di-acetyl cosmosiin analogues, which are acylated apigenin glycosides reported from
M. chamomilla , (Olennikov and Kashchenko, 2016). Although apigenin was a major
component in the European variety as implied by the TIC in Figure 3.24, the bioactivity
of the extracts was led by the di-O-caffeoylquinic acid analogues found in fractions F11-
ChE and F8-ChJ.

The *H NMR spectral data of F11-ChE displayed the typical trans olefinic doublet pairs
of a propenoic acid moiety or caffeoyl unit at approximately 6.5 and 7.5 ppm as well as
the characteristic coupling pattern for 1,3,4-trisubstituted phenyl ABX system . However,
in comparison to the *H NMR spectrum of F8-ChJ, there was a more distinct separation
of the trans olefinic *H signals for the two caffeoyl units. Instead of observing twice the
number of integrations for two overlapping protons like in F8-ChJ, resonances for the
trans olefinic doublet pairs and meta doublets gave two sets of chemicals shifts for each
of the caffeoyl moieties as presented in Table 3.13. The chemical shift of the methine
proton on C3 was deshielded downfield in F11-ChE, which indicated the esterification of

the caffeoyl unit on 3-OH and loss of caffeoyl moiety on C2, C4, C5 because these
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carbons were shielded upfield. The second caffeoy! unit was attached on the hydroxy! unit
on C1 when compared to the literature (Table 3.13).

747" (d))
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Figure 3.42: *H NMR spectrum of F11-ChE in DMSO-ds measured at 400 MHz.
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The H assignments for F11-ChE and esterification on C3 were also established by a
COSY spectrum as shown in Figure 3.44. Commencing upfield at 1.94 and 2.14 ppm for
H2A and H2B, a cross peak was observed downfield at 5.20 ppm for H3, which continued
to 3.40 ppm for H4 then to 3.27 ppm for H5 and finally ended upfield at 1.69 and 1.84
ppm for H6A and H6B. By inspection and comparison of the spectral data of F11-ChE
(Table 3.13) with those reported in the literature, the isolated compound was elucidated
as 1,3-O-dicaffeoylquinic acid (Wan et al., 2017, Tolonen et al., 2002, Horman et al.,
1984, de Falco et al., 2016). However, in the literature there has been a confusion between
the nomenclatures of 1,5- and 1,3-O-dicaffeoylquinic acid. A classic example is cynarin,
isolated from artichokes, was first reported as 1,3-di-O-caffeoyl-D-(—)-quinic acid
(Horman et al., 1984) but were being drawn as the 1,5 analogue on databases and
monographs (e.g. Dictionary of Natural Products, PubMed). Confirmation of the structure
for a 1,3 analogue would entail isopropylidene derivatisation of the free vicinal hydroxyl
units in cis configuration to form an O-ketal ring (Carlotto et al., 2015). The quinic acid
moiety bears three vicinal hydroxyl groups where C4 and C5 are cis-oriented while C3
and C4 are trans to each other. Hence, a selective acetylation would only occur for 1,3-O-

dicaffeoylquinic acid to form the 4,5-isopropylidene ketal ring (Figure 3.43).

1 M MeOH-HCI
(80°C 2 h).

%{Jvﬁ

Figure 3. 43:1sopropylidene derivatisation of 1,3-O-dicaffeoylquinic acid
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Figure 3.44: COSY NMR spectrum of the quinic acid moiety in F11-ChE measured in
DMSO-de at 400 MHz.
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Table 3.13: 'H NMR data(Sx in ppm, mult, J in Hz) of F11-ChE in comparison to cynarin, a 1,3-dicaffeoylquinic acid analogue
along with spectral data of 1,5-dicaffeoylquinic acid reported in the literature.

Atom 'H (mult, J in Hz) 1,3-dicaffeoylquinic acid* 1,5-dicaffeoylquinic acid 1,5-dicaffeoylquinic acid (Tolonen et
no. F11-ChE (de Falco et al., 2016) (Wan et al., 2017) al., 2002)
(DMSO-dg) 400 MHz (D20) 400 MHz (MeOD) 400 MHz (D20O) 500 MHz
2 1.94 m 2.29 axial 243 m 2.22dd,J=35,155
(2.34dd, J=3.5, 15.5)8
2.14m 2.88 equatorial 2.54dd,J=35,10.2 2.50ddd, J=3.8,2.8,15.5
(2.77 ddd, J=3.5, 3.0, 15.5)%
3 520m 5.36 equatorial 4.28 brd, J=3.5 4.27ddd, J=35,3.8,3.5
(5.43 ddd, J=3.5. 3.5, 3.5)8
4 3.40 m 4.23 axial 3.76dd,J=3.0,8.1 3.86dd,J=9.6,35
(4.67 dd, J=9.5, 3.5)8
5 3.27m 3.62 axial 5.37ddd,J=3.7,8.1,8.1 5.29ddd, J=9.6,4.3,10.8
(4.23 ddd, J=9.5, 4.5, 10.5)8
6 1.69m 1.83 axial 2.05dd,J= 11.1,13.8 1.99dd, J=10.8,13.8
(1.88dd, J=10.5, 13.5)8
1.84m 2.53 equatorial 243 m 2.56 ddd, J=4.3,2.8,13.8
(2.50 ddd, J =425, 3.0, 13.5)%
2' 7.04d,J=21 6.81 7.04 brs 7.12d,J=21
S 6.77d,J=8.0 6.88d,J=8.0Hz 6.78d,J= 8.1 6.88d,J=8.2
6’ 6.94brd,J=8.8 6.58 6.96d,J= 8.1 7.05dd,J=8.2,2.1
7 7.48d,J=15.9 7.58d, J=16.0Hz 7.58d,J=15.9 7.59d, J=16.1
8 6.25d,J=15.9 6.32d, J=16.0 Hz 6.27 d, J=15.9 6.39d,J=16.1
2" 7.06d,J=22 6.81 7.04 brs 7.15d,J=2.1
5" 6.77,d,J=8.0 6.88d,J=8.0Hz 6.76 d,J= 8.1 6.86d,J=8.2
6" 6.94brd,J=8.8 6.58 6.94d,J= 8.1 7.08dd,J=8.2,21
7" 7.45d,J=15.8 7.58d, J=16.0 7.55d,J=15.9 7.58d,J=16.2
8" 6.16 d, J =15.8 6.32d, J=16.0 6.24 d, J=15.9 6.32d,J=16.2

*|dentified as cynarin by the authors. SSpectral data set reported by Horman et al., (1984) for quinic acid of cynarin in acetone-ds
measured at 300MHz.
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3.5.5. Structure elucidation of F12-ChE from European chamomile.

OH OCH,

Chemical Formula: C16H2009
MWt: 356.1179
4'—1-O-feruloylglucose

glucoferulic acid (lavandoside)
Figure 3.45: Chemical structure of F12-ChE

Formula Calculated Target Doul_ale Bond | Absolute Error Error (mDa) Error

Mass Mass Equivalence (ppm) (ppm)

Ci6 H20 O9 | 357.11801 | 357.11799 7.0 0.07 -0.02 -0.07

C:\Users\danaa...ass\f12-ChE.raw Injection 1 FTMS {1,2} -...150.00-2000.00] BPC 355.103 Da
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Figure 3.46A: Extracted ion chromatogram of F12-ChE for the ion peak at m/z
355.1030 [M-H] eluting at a Rt of 7.23 min.
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C:\Users\danaa...ass\f12-ChE.raw Injection 1 FTMS {1,1} + ...150.00-2000.00] BPC 357.118 Da
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Figure 3.46 B: Extracted ion chromatogram of F12-ChE for the ion peak at m/z
357.1180[M+H] eluting at a Rt of 7.24 min.
(o]
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- X OH,
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Figure 3.46C: Source fragmentation of the ion peak at m/z 357.1180 of F12-ChE.
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Figure 3.47: *H NMR spectrum of F12-ChE in DMSO-ds measured at 400 MHz.

F12-ChE was obtained as a white amorphous powder with a yield of 2.0 mg. High
resolution mass spectrometric data gave a MW of 356.1179 Da and established a chemical
formula of C16H2009 for the ion peak at m/z 355.1030 [M-H], in addition to ion peaks at
m/z 711.2130 [2M-H] and 1067.3230 [3M-H]" (Figure 3.46A).In the positive mode, an
ion peak was observed at m/z 357.1180 [M+H]" in addition to 713.2291 [2M+H]",
1069.3402 [3M+H]*, and 1425.4507 [4M+H]" (Figure 3.46 B). Source fragmentation of
the ion peak at m/z 357.1180 yielded the peak at m/z 195.065 (Figure 3.46C) that

corresponded to the aglycone structure upon the loss of a glucose unit.

The *H NMR spectrum of F12-ChE in Figure 3.47 was almost identical to that of F11-
ChE as it is a mixture of the components found in the latter fraction at almost 1:1 ratio
that was demonstrated by an almost equal integrals of the olefinic protons found in both
structures. F12-ChE and F11-ChE share the component, 1,3-O-dicaffeoylquinic acid, that
is the main metabolite from the latter fraction, which is the major impurity in F12-ChE

and vice versa. Due to the very low yields of both fractions, it was not feasible to subject
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them to further purification work. Both fractions, F11-ChE and F12-ChE, exhibited
antioxidant activities with ECso values of 0.311 (603 uM) and 0.165 (463 uM) mg/mL,
respectively. F12-ChE displayed a higher potency than F11-ChE, which could be due to
the additional effectiveness of the component in F12-ChE or could also be a result of

synergistic biological activity of the two components.

Furthermore, the *H NMR spectrum of F12-ChE disclosed a comparable pattern of
resonating proton signals for a trans olefinic doublet pairs of a propenoic acid moiety at
7.83 and 6.41 ppm with a coupling constant of 16.3 Hz, like those found for the structures
of 1,3-O-dicaffeoylquinic acid (F11-ChE) and 3,5-O-dicaffeoylquinic acid (F8-ChJ). The
characteristic coupling pattern for 1,3,4-trisubstituted phenyl system was also observed in
the 'H NMR spectrum of F12-ChE. However, in comparison to the *H NMR spectra
(Table 3.14) of the dicaffeoyl analogues elucidated in F8-ChJ and F11-ChE, the ortho-
coupled doublet on C5" went downfield by 1 ppm at ox 7.96 (J = 8 Hz) and the meta-
coupled doublet on C2' was shifted upfield by 0.3 ppm at 6 6.73 (J = 3 Hz), while the
ortho-meta doublet of doublet on C6’ remained unchanged at o1 6.95 (J = 3.1, 7.9 Hz).
These changes in chemical shifts of the ABX system in the aromatic region implied a
modification in substituents on the phenyl ring. The presence of a methoxy signal that was
not apparent in the *H NMR spectrum of F8-ChJ for 3,5-O-dicaffeoylquinic acid,
indicated a ferulic acid unit in F12-ChE with the methylation of the hydroxyl group in
C3'observed at 3.78 ppm. Nevertheless, the largest *H shift change affected the proton
doublet on C5’, which postulated the possible glycosylation on C4'.

The *H assignments for the feruloyl moiety and the glucose unit were established by
correlation NMR spectroscopy (COSY) as shown in Figure 3.48. On the aromatic region
is the feruloyl unit, which is represented by the blue line for the propenoic acid moiety
and the yellow line is the ABX system of the 1,3,4-trisubstituted phenyl system of the
ferulic acid unit that commenced at 7.83 and 7.96 ppm, respectively. The green line did
reveal the presence of a glucose unit that started at the anomeric *H doublet at 5.01 ppm

with a coupling constant of 7.1 Hz, which suggested a 3-D-glucose configuration (Pearson
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and Spessard, 1975). The H assignments for the glucose substituent followed through &y
3.35 (1H, m, H2), 3.19 (1H, m, H3), 3.01 (1H, m, H4), 3.12 (1H, m, H5), and concluded
at 3.46 (2H, m, H6).

In Table 3.14, F12-ChE was also compared to 1-O-feruloyl-pB-D-glucose (Takaya et al.,
2003), where the chemical shifts of the feruloyl units were more comparable to those of
dicaffeoylquinic acid analogues found in F8-ChJ and F11-ChE. In 1-O-feruloyl-B-D-
glucose, the glucose unit is attached to the propenoic acid unit like in the caffeoylquinic
acid congeners. Further comparison to literature data (Table 3.15), the structure of F12-
ChE was elucidated as 4'—1-O-feruloylglucose, also known as glucoferulic acid (Galland
et al., 2007) or lavandoside (Kurkin et al., 2008).
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Table 3.14: *H NMR data (8w in ppm, mult, J in Hz) of F12-ChE in comparison to that
of 1,3-O-dicaffeoylquinic acid (F11-ChE) and 3,5-O-dicaffeoylquinic acid (F8-ChJ)
measured at 400 MHz in DMSO-d.

Atom no. 4’>—1-O-feruloylglucose = 1,3-O-dicaffeoylquinic acid = 3,5-O-dicaffeaylquinic acid
F12-ChE F11-ChE F8-ChJ
501d,J=7.1

2 3.41-3.29m 2.14m 2.09
1.94m 1.97

3 3.24-3.10m 5.20m 4.96 m

4 3.09-2.93m 3.40m 341m

5 3.24-3.10m 3.27m 511m

6 3.53-340m 1.69 m 2.30q,J=5.7
1.84m 2.12m

2' 6.73d,J=3.1 7.04d,J=21 7.08d,J=20
7.06d,J=2.2 7.08d,J= 2.0

5' 7.96d,J=8.3 6.77d,J=8.0 6.80d,J=8.1
6.77,d,J=8.0 6.80d,J=8.1

6" 6.95dd,J=3.1,79 6.94brd,J=8.8 6.98 brd, J=8.3
6.94brd, J=8.8 6.98 brd, J =8.3

7 7.83d, J=16.3 7.48d,J=15.9 7.60d,J=16.3
7.45d,J=15.8 7.60d,J=16.3

8" 6.41d, J=16.3 6.25d,J=15.9 6.30d,J=15.7
6.16 d, J =15.8 6.30d,J=15.7

3'-OCH3 3.78s
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Figure 3.48: COSY NMR spectrum F12-ChE measured in DMSO-ds at 400 MHz. Blue
line represents the propenoic acid moiety, yellow line is the ABX system of the 1,3,4-
trisubstituted phenyl system of the ferulic acid unit, and the green line traces the
coupling protons for the glucose unit.
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Table 3.15: *H NMR data (8w in ppm, mult, J in Hz) of F12-ChE in comparison to that
of 4'—1-O-feruloyl-B-D-glucose and 1-O- feruloyl-B-D- glucose as reported in the

literature.

Atom no.

o o1 AW N

174|Page

F12-ChE 4'—1-0- feruloyl-p-D- glucose
(DMSO-dg) 400 MHz (Kurkin et al., 2008)
(CH3CN:CesDs) 250 MHz
5.01d,J=7.1 498d,J=7.2
3.41-3.29m 3.20—-3.60 m
3.24-3.10m 3.20—-3.60m
3.09-293m 3.20—-3.60 m
3.24-3.10m 3.20—-3.60m
3.53-3.40m 3.64 dd, J=12.0,5.0
3.84dd,J=12.1,19
6.73d,J=3.1 6.80d,J=2.3
7.96d,J=8.3 752d,J=8.6

6.95dd,J=3.1,79 6.57dd,J=23, 8.6
7.83d, J=16.3 8.04d,J=16.0
6.41d, J=16.3 6.43d,J=16.0
3.78s 3.76 s

1-O-feruloyl-p-D-glucose
(Takaya et al., 2003)
(MeOD) 400 MHz

5.56d,J=7.8
3.40-3.50m
3.40—-3.50 m
3.40—-3.50 m
3.4-3.5
3.86dd,J=1.9,12.2

7.20d,J=19
6.81d,J=8.3
7.09dd,J=1.9,83
7.61d, J=159
6.39d, J=159
3.89s



3.6. Summary

Two endemic species of chamomile, namely the Jordanian and European variants were
compared to find the differences in their biological activity and chemical profiles.
From both varieties, crude extracts were prepared using solvents of various polarities
and tested for their biological activity to determine the exclusivity of the biologically

active metabolites in certain extraction solvents.

All the extracts were assayed for their antioxidant activity using the DPPH® assay and
anticancer activity against breast cancer cells ZR-75. The EtOAc fraction of the
European variant exhibited anticancer activity against ZR-75 breast cancer cell line,
which afforded a 16% of cell viability. Furthermore, both European and Jordanian
EtOAc extracts exhibited antioxidant activity. The ECso values were 0.16 mg/mL for
the Jordanian chamomile EtOAc extract and 0.2 mg/mL for the European chamomile
EtOAcC extract.

Both extracts were fractionated and tested again for their biological activity. Structure
elucidation of the five bioactive compounds was performed using LC-HRMS coupled
with dereplication database and NMR experiments, all of them were pinpointed by
multivariate analysis to exhibit the putative bioactivity. The isolated target compounds
were all known compounds. The results revealed that chrysosplenetin (F2-ChE) and
apigenin (F8-ChE) compounds from European fractions had anticancer activity against
ZR-75 cells with ICso values of 1.94 and 1.41 uM, respectively. Those compounds
were also assayed for their toxicity against human foreskin fibroblast cells (HS-27)
and both were not toxic and selective, as illustrated in Table 3.7. 1,3 dicaffeoyl quinic
acid (F11-ChE) and glucoferulic acid (F12-ChE) from European chamomile displayed
antioxidant activity with ECsp values equal to 603 and 436 puM, respectively. On the
other hand, 3,5-di-O-caffeoylquinic acid (F8-ChJ) in the Jordanian variant exhibited
the most potent antioxidant activity with ECso value of 147 uM. The next step will be
to extract the fungal endophytes from Jordanian M. chamomilla and search for the
bioactive extracts that are able to produce anticancer and antioxidant compounds.
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4. lsolation and Screening of Fungal Endophytes from
Jordanian chamomile.

4.1.  Literature background on fungal endophytes derived from chamomile.

"Endophytes” are microorganisms, most often fungus and bacteria, that spend their
whole life cycle in the inter- and/or intracellular space of the tissues of host plants and
do not cause disease in the host plant (Wilson, 1995). Each plant coexists with
microbes that reside inside its tissues and produce its metabolites, which are found to
be beneficial (Robinette et al., 2012, Mani et al., 2015). Endophyte-host interactions
may be very intimate, to the point where microorganisms can even produce the same
chemical compounds as the host (Alvin et al., 2014). Endophytic fungi may be found
in various types of plants, including trees, herbaceous plants, algae, and grasses (Nisa
et al., 2015). With the strong symbiotic interaction that occurs between endophytic
fungi and their host plants, endophytes have developed a powerful ability to produce
new bioactive chemicals, the creation of which is fed by carbohydrates found in their
host plants (Aly et al., 2011b).

In the literature, there has been only one study on fungal endophytes from M.
chamomilla , as summarised in Table 4.1. Endophytes were obtained from the leaf,
stem, and root segments of M. chamomilla collected from North-eastern of Iran. The
isolated endophytic fungi were tested for their ability to produce L-asparaginase. L-
asparaginase is a crucial anticancer enzyme that is used as first line of treatment in
acute lymphoblastic leukaemia (Theantana et al., 2009). Extracellular L-asparaginase
was detected in three fungal isolates, which is consistent with the hypothesis that
endophytes associated with medicinal plants have the potential to be medicinally
useful (Hatamzadeh et al., 2020).

In this current study, isolated endophytic fungi from the Jordanian M. chamomilla were
screened for their ability to produce anticancer and antioxidant bioactive compounds.
Schematic diagram for screening crude fungal extracts is shown in Figure 4.1. Due to
the availability of fresh samples to commence the work on fungal endophytes in Spring
2019, it was only feasible to work with the Jordanian samples. Fresh European
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chamomile was only available from the Botanical gardens for the summer season.
Because of the limited logistic space of the laboratory, the work was planned for
Spring of 2020, but the pandemic lockdown started so this part of the project was then

cancelled.

Table 4.1: Isolated endophytes from M. chamomilla (Hatamzadeh et al., 2020).

Host plant Isolated endophytes Plant part

M. chamomilla Phoma haematocycla stem
Paramyrothecium root
roridum
Stemphylium amaranthi leaf
Xylariaceae sp. stem
Epicoccum nigrum stem
Didymella tanaceti stem
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Host plant

M. chamomilla

Inculated
indophytes
Fast growing slow growing
endophytes endophytes
Incubated for 15days Incubated for 30 days
Endophytes
obtained from }.Endophytes
obtained from roots
flower and stem

Extraction

Test biological activity Test biological activity

NMR NMR
Mass Mass
Bioactive extracts
S4-1 R1-1
S4-2 R1-2
S4-3 R1-3
ITS sequencing
Alternaria solani Aspergillus ustus

Figure 4.1: Schematic diagram for the screening of crude fungal extracts.
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4.2.  Isolation of endophytic fungi.

In this study, ten endophytic fungi were isolated from the interior tissues of Jordanian
chamomile plants. These endophytic fungi were cultivated and utilised for further
chemical analysis, as well as anticancer and antioxidant biological assays. The isolated
and purified endophytes were incubated in MA medium. MA was chosen for the
growth of endophytic fungal isolates because it provides primary metabolites (such as
sugars and peptides), as well as the fact that it can serve as a source of carbon and

nitrogen to produce secondary metabolites in the fungal isolates.

The chamomile parts were cleaned and surface-sterilised with 70% ethanol to kill any
epiphytes that occurs on the plant then rinsed in sterile distilled water. Internal tissues
of the stem, root, and flower were aseptically placed on MA medium.
Chloramphenicol was incorporated into the media for the initial inoculation step to
inhibit the development of endophytic bacteria and only to target the isolation of
endophytic fungi. Three replicates of petri dishes were used for each plant part. The
petri plates were incubated at 27 °C.

On further re-inoculation of the isolated purified fungi, chloramphenicol-free malt
extract agar media were utilised. The presence chloramphenicol can lead to inaccurate
findings in analysing the chemical profile and the biological activity of the extracts,

that could suppress the detection of low yielding bioactive metabolites.

The isolated endophytic fungi were purified by repeated inoculation. Fungal samples
in triplicates were coded according to plant part source and their morphological
features as listed in Table 4.2.
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Table 4.2: Morphological feature of the isolated endophytes from Jordanian
chamomile.

Plant appearance of the endophyte Endophyte code
part

flower white centre, brown edges F1-1, F1-2, F1-3

white, fluffy F2-1, F2-2, F2-3

white with black spores F3-1, F3-2, F3-3

F4-1, F4-2, FA-3

stem white centre, green edges S2-1, S2-2, S2-3

light green S1-1, S1-2, S1-3

white, water like S3-1, S3-2, S3-3

colourless, water like S5-1, S5-2, S5-3

white centre, yellow edges S4-1, S4-2, S4-3

root pink centre, white edges R1-1, R1-2, R1-3

yellow spot, fluffy white R2-1, R2-2, R2-3

Legend: stem (S), root (R), and flower (F)

4.3. Fungal extraction

Due to the variations in growth rates across isolated fungal strains, ten fungi were
classed as fast- or slow-growing fungi. The fast-growing fungal isolates were
incubated for 15 days to minimise biomass overgrowth, which might result in the
further consumption of secondary metabolites produced by the fungal strain that will
eventually kill the fungus. Whereas the slow-growing fungi were cultured for 30 days
to ensure that sufficient extract yields were available for biological testing and
chemical profiling. To ensure proper metabolomics data analysis, a medium blank was

also incubated for both incubation periods and compared to the fungal extracts.
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At the end of the incubation period, each of the fungal culture replicate was transferred
to a 250-mL conical flask and macerated overnight with EtOAc then homogenised the
following day. The homogenised mixture was vacuum filtered and extracted again
three times with equal volumes of EtOAc. The extracts were dried using a rotary
evaporator and transferred in tared vials. Yields of each extract replicate were recorded
and reported in Table 4.3.

Table 4.3: Fungal extract yields in triplicates.

Plant  Endophyte Weight Plant Endophyte  Weight
part code (mg) part code (mg)
flower  F1/1 79.6 stem S2/1 47.1
F1/2 66.9 S2/2 11.1
F1/3 51.2 S2/3 10.4
F2/1 51.3 S3/1 21.0
F2/2 71.4 S3/2 9.6
F2/3 19.0 S3/3 11.2
F3/1 108.2 S4/1 16.0
F3/2 75.2 S4/2 11.8
F3/3 63.3 S4/3 16.5
F4/1 713 root R1/1 25.4
F4/2 62.4 R1/2 28.6
F4/3 83.1 R1/3 29.3
stem S1/1 10.9 R2/1 17.1
S1/2 13.5 R2/2 33.6
S1/3 19.1 R2/3 42.8

Legend: stem (S), root (R), and flower (F)
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4.4. Bioassay screening of fungal extracts

A preliminary screening of the fungal extracts was performed to test their anticancer

and antioxidant activity. AlamarBlue® and DPPH® assay were used.

4.4.1. AlamarBlue® assay

All ten fungal extracts were tested against breast cancer cell line ZR-75 at a
concentration of 30 pg/mL, only two endophytes possessed activity and afforded less
than 40% viability of the tested cells. Fungal extracts of endophytes obtained from the
flower part were found inactive against breast cancer cells, as depicted in Figure 3.2A.
Meanwhile, fungal extracts, R1-2 and R1-3, afforded anticancer activity against the
tested cell line, which afforded 80% cell growth inhibition (Figure 4.2B). R1-2 and
R1-3 were two of the triplicates of an endophytic fungal strain obtained from the root
part. Furthermore, replicate set, S4-1, S4-2, and S4-3, of a fungal isolate obtained
from the stem was also found active at 81% growth inhibition of ZR-75 cells, as shown
in Figure 4.2C

Using a dilution curve, ICso values of the bioactive fungal extracts against ZR-75 were
determined as illustrated in Figure 4.3. Both fungal extracts obtained from the root and

the stem afforded an ICso value of 1.3 pug/mL.
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Figure 4.2 :Alamarblue® assay against the breast cancer cell line ZR-75 for 30 pg/mL
extracts of fungal endophytes obtained from A) flower, B) roots, and C) stem. The red
line indicates the bioactivity threshold, which must be below 40% of cell viability.
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Figure 4.3: Dilution curves to determine the 1Cso values of active fungal extracts
against the breast cancer cell line ZR-75.

4.4.2. DPPH assay

The antioxidant activity was tested using DPPH® assay. Ascorbic acid and quercetin
were used as positive control. None of the fungal endophytes afforded any antioxidant

activity.
4.5. NMR analysis of fungal extracts

'H NMR spectral data were recorded for all fungal extracts to get an overview of the
chemical composition and functional groups present in each sample. The stacked *H

NMR spectrum for the fungal endophytes obtained from the flower revealed the
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absence of interesting peaks at chemical shift between 500 to 8.00 ppm, as observed
in Figure 4.4, which indicated the poor production of secondary metabolites.
Furthermore, these extracts did not possess any activity on the tested biological assays.

Hence, these fungal endophytes were excluded for further isolation work.

'H NMR spectra of fungal extracts obtained from the root were stacked and shown in
Figure 4.5. The 'H NMR spectra revealed the presence of fatty acid signals, which was
explained by the presence of high intensity peaks at the aliphatic region that resonated
between 0.90 to 2.00 ppm. This suggested the presence of long chain methylene units
(enclosed in blue box). Furthermore, a-protons of a carboxylic end resonated at on
2.10 — 2.40 (enclosed green box) that could be related to esterified terpenes that could
be present in the bioactive endophyte. These endophytes were producing secondary
metabolites rich in hydroxylated compounds as highlighted in the red box at 4.00 to
5.00 ppm. In addition, olefinic protons in unsaturated fatty acids were found at 61 5.00
— 5.50 (enclosed in orange box). Aromatic and/or olefinic signals were observed
between 5.90 to 7.25 ppm (enclosed in a black box). The bioactive extracts, R1-2 and
R1-3 did have higher intensity peaks between 4.5 and 7.5 ppm. Despite the inactivity
of extract R1-1, its *H NMR spectrum was identical to those of R1-2 and R1-3. The
assay result discrepancy between the replicates could be accounted for possible
pipetting errors in transferring the extracts to assay plates. Other errors could have
occurred during the preparation of the stock solution and the dilution of the samples;
if the stock solution and dilution of the samples are incorrectly made, it will have an
impact on the subsequent experiments since they were used for many other

experiments. Stock solutions were kept at -20 °C.

The stacked *H NMR spectra for fungal extracts obtained from endophytes isolated
from the stem part are shown in Figure 4.6. There was an obvious production of unique
secondary metabolites due to higher intensity of resonances between the aliphatic and
aromatic region that covered a wide range of resonances from 0.50 to 8.00 ppm, as
enclosed by the blue box in Figure 4.6. Thus, despite their low yields, they were shown
to be biologically active, indicating their potential to produce strong anticancer

metabolites.
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Figure 4.4: Stacked *H NMR spectra of the fungal extracts obtained from endophytes
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Figure 4.5: Stacked *H NMR spectra of the fungal extracts obtained from endophytes
isolated from the root part of the chamomile plant. Spectrum from 1 to 3 represent the

bioactive fungal extracts.
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Figure 4.6: Stacked *H NMR spectra of the fungal extracts obtained from
endophytes isolated from the stem part of the chamomile plant. Boxed spectra
represent the bioactive extract.

The PCA-scores plot shows the similarity and differences between extracts. The PCA-
loadings plot reveals the type of functional groups and chemical profile for each group
of extracts. The extracts were categorised according to their isolated plant parts as
shown in Figure 4.7A.Flower endophytic extracts were dispersed in the upper left
quadrant of the PCA scores plot. The extracts from fungal endophytes obtained from
the stem were dispersed between the left and right lower quadrants. Meanwhile, the
anticancer fungal extracts from endophytes isolated from the root and stem were found
overlapping in the lower left quadrant of the plot (encircled orange), which implied
their similar features and chemical profiles. On the corresponding loadings plot in
Figure 4.7B that consisted of upfield chemical shifts of 0 to 3 ppm (blue). The R? and
Q? values were 0.98 and 0.26, respectively, which indicated a model of good fitness
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but poor predictability. The almost random dispersal of the extracts of the endophytes
from the flower and stem could have resulted to a poor predictability score.
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Figure 4.7: A) PCA scores and B) loadings plots of the NMR spectral data of fungi
extracts. The R? and Q? values were 0.98 and 0.26, respectively. Orange encircled
variables on the PCA scores plot are the biologically active extracts against the breast
cancer cell line ZR-75.
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Additionally, an OPLS-DA was performed to identify the distinguishing functional
units for the fungal extracts grouped according from which plant part were the
endophytes isolated. The fungal extracts obtained from the endophytes isolated from
the flower part were distributed on the right quadrants of the OPLS-DA scores plot
(Figure 4.8A), while extracts of endophytes from the stem were concentrated on the
lower left quadrant. Whereas those obtained from the root part were dispersed on the
upper left quadrant. The active fungal extracts R1-1, R1-2 and R1-3 from the roots

were in the uppermost edge of the left quadrant (encircled red).

As presented by the corresponding OPLS-DA loadings plot in Figure 4.8B. Poor
production of secondary metabolites was observed for the extracts of endophytes from
the flower part. The group was mainly characterised by sugar types of metabolites that
was indicated by their chemical shifts between 3.00 and 4.00 ppm (encircled green).
This leads to quite an interesting query whether the floral endophytes play an important

role in the saccharide build-up in the pollen.

Furthermore, those secondary metabolites detected from the extracts of endophytes
from the stem showed the occurrence of a wider range of *H resonances from 3.00 to
10.00 ppm (encircled red) that would be compatible to structures of glycosylated
phenolic compounds. For extracts of endophytes from the root part, a higher ratio of
aliphatic signals resonating between 0.50 and 2.00 ppm were observed (encircled
blue). In addition, resonances for olefinic and aromatics presented from 5.00 to 8.00
ppm were being shared between extracts of endophytes from both the stem and root
parts. However, those endophytes from the stem parts seem to produce fewer
secondary metabolites than those from the roots, which could also be due to their lower
yields. Metabolites afforded by endophytes from the stem were highly glycosylated,
which were indicated by *H signals from 3.00 to 4.00 ppm. The model gave a goodness
of fit of 0.94 and good predictability of 0.66.
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Multivariate analysis was also accomplished by grouping the fractions according to
their bioactivity on the breast cancer cell line ZR-75. Incorporating the results of
AlamarBlue® assay on OPLS-DA, the active extracts were positioned on the right
quadrants and inactive extracts on the left side of the OPLS-DA scores plot, as shown
in Figure 4.9A. A S-plot was generated from OPLS-DA loadings plot, the
discriminating chemical shifts from the bioactive extracts were encircled in orange, as
illustrated in Figure 4.9B. plot. The loadings S-plot showed the occurrence of wider
range of resonance between 1.00 and 8.00 ppm for the active extracts, which indicated
a high possibility of unique chemical profile. This wide range of chemical shifts
implied the occurrence of aromatic, olefinic, and aliphatic units. In comparison, the
inactive fractions exhibited a higher ratio of glycosylated peaks, which resonated
mainly at a narrower range between 3.00 to 4.00 ppm. R? and Q? values were 0.97 and
0.74, respectively, which indicated a model with excellent fitness and predictability
that is better than the PCA model. However, R?X,[1] gave a variation score of 16.5
percent between groups while only 9.2 percent within groups, indicating low
diversity within group. The variation score across groups is bigger than the variation
score within groups, which indicated an excellent separation between the active and

inactive extracts.
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Figure 4.9: A) OPLS-DA scores and B) loadings plots of the NMR spectral data of
endophytic fungal extracts against their bioactivity on the breast cancer cell line ZR-
75. R? and Q? values were 0.98 and 0.74, respectively. The difference between group
R2X,[1] is equal to 16.5% and the difference within groups R2X[2] is 9.2%. Encircled
features on the loadings S-plot indicate the discriminating chemical shifts for the
biologically active fractions against breast cancer cells line ZR-75.
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The 'H NMR spectral data of the fungal extracts were also subjected to
MetaboAnalyst®. The heatmap verified the existence of unique metabolites with
chemical shifts ranging from 1.00 to 2.00 ppm in bioactive extracts from the roots and
stem, indicating the presence of biologically active aliphatic compounds. However,
high number of metabolites with chemical shifts ranging from 5.00 to 8.00 ppm was
also detected in the bioactive extracts, signifying the exclusive occurrence of olefinic
and aromatic compounds as well (Figure 4.10). The heatmap analysis produced results
that were consistent with those obtained from the OPLS-DA loadings plot.
Additionally, the heatmap revealed that the active fractions had a greater diversity of
chemical changes at higher intensities.
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Figure 4.10: Heatmap analysis of the NMR spectral data of endophytic extracts
generated by MetaboAnalyst®. The boxed extracts are the biologically active extracts
against the breast cancer cell line ZR-75 along with the discriminating chemical shifts
unique to these anticancer fractions.
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4.6. LC-MS analysis of fungal extracts

The PCA scatter plots of the LC-HRMS data for the fungal extracts are shown in
Figure 4.11. The fungal extracts of endophytes obtained from the root part, particularly
R1-1, R1-2, and R1-3, were separated on the right quadrants of the scores plot
signifying their unique chemical profiles. Those extracts of endophytes from the
flower and stem parts were distributed on the upper and lower left quadrants,
respectively. Some fungal extracts of endophytes obtained from the stem overlapped
with those isolated from the flower parts that implied similarity in their chemical
profiles. This may also possibly have been influenced by the low yield of the fungal
extracts from stem endophytes that showed undepleted media components commonly

found in extracts of endophytes isolated from the flower part.

The anticancer extracts, R1-2 and R1-3 with R1-1, all originating from the same
endophytic fungus appeared to be the most segregated. R1-1 and R1-3 were exhibited
as outliers. The extracts were examined using a DModX bar-plot to determine if they
were true outliers. As shown in Figure 4.12, the true outliers were the variables that
extended above the red line, which included R1-1, R1-2, R1-3, and R2-3. A unique set
of discriminating metabolites was observed in the loadings plot on Figure 4.11B that
indicated a higher density of chemical features with MWs between 240 and 1140 Da.
Furthermore, the outlying active extracts obtained from the root endophytes were
discriminated by the “end point” metabolites N_3, N 11, N 4049, and N_77 with ion
peaks at m/z 325.185, 339.200, 389.610, and 956.594 Da, respectively. N_11 was
putatively identified as 4-methylbenzenesulfonyl-1-dodecanol and was from an
unknown source. whereas N_4049 was putatively identified as 6-O-(5-carboxy-
2E,4E-pentadienoyl)11,12-epoxy-7-drimene-6f,9a,11a-triol was obtained from A.
ustus that was earlier isolated from the marine sponge Suberites domuncula collected
from the Adriatic Sea (Liu et al., 2009). while the others did not give any hits and
remains unidentified. In parallel, four discriminating metabolites were detected for
the stem endophytes that included MZmine IDs N_1, P_357, P_34 and N_60 found at
m/z 283.0615, 181.0852, 211.1438 and 257.0460, respectively, and were dereplicated
from the DNP database as 1-hydroxy-2,3-dimethoxyanthraquinone, 3-
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propylgentisylquinone, 6-(1-methylethyl)-3-(2-methylpropyl)-2(1H)-pyrazinone, and
the last discriminating metabolite gave no hits. On the other hand, four discriminating
metabolites were obtained from the endophytes isolated from the flower parts, which
entailed MZmine IDs N_2313, P_5465, N_93 and N_92 were found at m/z 196.0974,
198.1123, 417.1620 and 415.1862, respectively and were dereplicated from the DNP
database as tenuazonic acid, isotenuazonic acid, bufogargarizanine C and the last
discriminating metabolites afforded no hits. The list of discriminating metabolites is
presented in Table 4.5 and the compound structures are shown in Figure 4.16. After
five components, the R2and Q? values were 0.67 and 0.37, respectively, these values
indicated good fitting and poor prediction of this model due to the Q? value of below
0.5 due to overlapping variables between extracts of endophytes obtained from the
flower and stem parts. However, despite of poor predictability, it was possible to read
out the unique features for the endophytes isolated from the respective plant parts

indicating the exclusivity of these isolated endophytes.
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Figure 4.11: (A) PCA scores and (B) loading plots of the LC-HRMS fungal
endophytes. Encircled features represent the discriminating ion peaks for the outliers
R1-1, R1-2, and R1-3. R?= 0.67and Q% = 0.37.
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Figure 4.12: DMod X bar-plot to examine the occurrence of true outliers. fungal
endophyte extract above the red line are the true outliers, which includes R1-1, R1-2,
R1-3, and R2-3.

An OPLS-DA analysis was performed to provide a clearer illustration of the
differences in metabolic profiles between endophytic fungi isolated from the different
plant parts (Figure 4.13A). It afforded a fitness (R?) and predictability (Q?) scores of
0.86 and 0.76, respectively. This indicated good fitting and prediction of the generated
model, which improved when compared to the PCA model above. The fungal extracts
of endophytes obtained from the flower part were positioned in the upper right
quadrant and contained mainly metabolites with MW ranging from 240 to 690 Da
(encircled green), as shown in figure 4.13B. Whereas, the extracts of endophytic fungi
from the stem were located in the lower right quadrant containing metabolites with a
wider range of MWs from 150 to 123 Da (encircled red) but no metabolites with MWs
between 510 and 690 Da. The fungal extracts of endophytes from the root were
distributed on the left axis quadrants of the loadings plot (encircled blue). In terms of
the distribution of the MW features between the three plants parts, the metabolites for
the endophytes obtained from the stem and root parts shared almost a similar range of
MWs.

198 |Page



60000 B flower
A 1 [l root
stem
| @F4-3 u
40000 -
F2-2
] ‘ F3-2
20000
] F3-1
[ F1-1 ‘.
< F2-3
5 R32OF @R @23 s34
- R1I3@ @RI-1 52-1
o . @53-1
-20000 %
] @ 54-3
1 552 @ 9542
-40000 -
'60000 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
-10000¢ -80000 -60000 -40000 -20000 0 20000 40000 60000 80000 100000
t[1] * 1.00107
0.2 4 1860 - 1950
1 1500 - 1590
B 015 1410 - 1500
| 1320 - 141
014 320 0
] 1230 - 1320
o
0 0.05 A 1140 - 1230
@ 1 [ 1050 - 1140
[e)]
S 04 [ 960 - 1050
N 1 [ 870 - 960
g -0.057 780 - 870
] 690 - 780
-0.1
| 600 - 690
-0.15 - 510 - 600
] 420 -510
-0.2 : : : : : : ; , , 330 - 420
-0.25 -0.2 -0.15 -0.1 -0.05 0 0.0 240 - 330

pq[1] * 0.998926 . 150 - 240
Normalized to unit Tength, R2X[1] = 0.228, R2X[2] = 0.102

Figure 4.13: (A) OPLS-DA scores and (B) loading plots of LC-HRMS fungal
endophytes. The highlighted box indicated the metabolites from R1-2. R = 0.86 and
Q? = 0.76. Discriminating features of the fungal endophyte extracts obtained from the
different plant part are listed in Table 4.5.
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The OPLS-DA of the active versus the inactive extracts was also generated as
presented in Figure 4.14. It gave fitness and predictability scores of 0.99 and 0.76,
respectively, indicating good fitting and prediction of the generated model. The
variation score between groups was 11.2% while within groups, it was only 2.1%. The
OPLS-DA scores plot in Figure 4.14A positioned the active extracts on the right
quadrants, showing R1-2 as an outlier on the lower left quadrant. Meanwhile, the
inactive extracts were dispersed on the left quadrants of the scores plot, as shown in
Figure 3.13A. The outlying R1-2 extract was discriminated by metabolites encircled
in orange with p-values < 0.05 (Figure 4.13B), which indicated a strong model with a
confidence interval of more than 95%. Four metabolites with MZmine IDs N_5,
N_4831, N_4049 and N_11 were found at m/z 311.169, 435.203, 389.161 and 339.200
were dereplicated from the DNP database as 4-methylbenzenesulfonyl-
dihydrocitronellol, ergosecalinine, 6-O-(5-carboxy-2E,4E-pentadienoyl)11,12-epoxy-
7-drimene-6f,9a,11a-triol, and 4-methylbenzenesulfonyl-1-dodecanol, respectively.
Two ion peaks of compounds at m/z 311.169 and 339.200 were from unknown sources.
While m/z 389.161 was isolated from the fungus A. ustus and described to exhibit
cytotoxic activity against tumour cell lines, including L5178Y, HeLa, and PC12 cells
(Liu et al., 2009). On the other hand, ion peak at m/z 435.203 was the first reported
dioxomorpholine and isolated from the ergot fungus Claviceps purpurea (Abe et al.,

2014). Structures of the compounds are presented in Figure 4.16.

Furthermore, the discriminating features that were encircled in Figure 4.13B from
flower, stem and root with p-values < 0.05, were predicted and dereplicated as listed
in Table 4.5. The detected discriminating metabolites for the outlying root extracts
from the PCA model were the same as the predicted active metabolites in the OPLS-
DA model.

On Table 4.4, as indicated by OPLS-DA, the top 5 VIP metabolites were predicted and
dereplicated. These VIP metabolites were defined as the discriminating features for
anticancer activity of the extracts. VIP scores were generated by MetaboAnalyst®,
which were comparable with the results from VIP analysis by SIMCA® as highlighted
in the black box in Figure 4.15. These discriminating metabolites would be targeted

for isolation work
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Figure 4.14 : A) OPLS-DA scores, B) loadings, and C) S- plots of LC-HRMS fungal
endophyte grouped according to their bioactivity against breast cancer cell line ZR-75.
The highlighted box indicated the metabolites from R1-2. R = 0.99 and Q? = 0.76.
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Table 4.4: Top 5 VIP (Variable Importance in Projection) dereplicated metabolites that define the discriminating features of anticancer
bioactive extracts. The compounds are arranged according to their increasing p-values.

Primary p- m/z Rt MW Compound Hit molecular Compound hits (sources)
ID value formula (DBE)

N_4831 0.0001 435.2030 13.56 436.2110 ergosecalinine C24H28N404(9)  Claviceps purpurea

N 5 0.0003 311.1690 21.68 312.1760 4-methylbenzenesulfonyl- C17H2803S (4) 1 hit, unrecorded source
dihydrocitronellol

N_11 0.0004 339.2000 25.65 340.2080 4-methylbenzenesulfonyl-1- C19H3203S (4) 1 hit, unrecorded source
dodecanol

N_4049 0.0090 389.1610 15.99 390.1690 6-O-(5-carboxy-2E,4E- C21H2607 (9) 103 hits, A. ustus

pentadienoyl)11,12-epoxy-7-
drimene-6f,9a,11a-triol
N_90 0.4290 196.0970 11.89 197.1050 tenuazonic acid C10H15sNO3 (3) 20 hits, Alternaria tenuis,
Alternaria longipes,
Alternaria linicola,
Alternaria alternata,
Alternaria tenuissima,
Aspergillus sp. F1404,
Aspergillus tamarii
Legend: For multiple hits, chosen compounds listed in the table were filtered for fungal source only.

202 |Page



Var ID

p-value

m/z

Rt

mass

compound hit

Discriminating features of the fungal extracts obtained from the roots

N_4101

N_4049
N_4826

N_4827
P 2837

N_4838
N_4825

N_4839
N_4831
N_4085
N_5

Z Z2 Z
=W~
= ~
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2.4E-17

1.1E-13

1.3E-08
4.3E-08

4.2E-06
7.3E-06

1.1E-04
1.6E-04
1.1E-03
6.5E-03

1.7E-02
1.8E-02
2.3E-02

247.1342

389.1613

391.1771
253.1794

393.1930
363.1458

263.1294
435.2034
487.1982
311.1692

956.5944
325.1848
339.2003

16.13

15.99

14.37
14.62

13.97
14.85

13.67
13.56
17.26
21.68

20.07
23.57
25.65

248.1415

390.1686

392.1844
252.1721

394.2003
364.1531

264.1367
436.2107
488.2055
312.1765

957.6016
326.1920
340.2076

1-hydroxy-1,3,5,7(14)-bisabolatetraen-
15-oic acid (1)

6-O-(5-carboxy-2E,4E-
pentadienoyl)11,12-epoxy-7-drimene-
6B,9a,11a-triol (2)

krempene A (3)

deoxyuvidin B (4)

10-deoxy alternaric acid (5)
fudecadione B (6)

ustusorane F (7)

ergosecalinine (8)

no hits

4-methylbenzenesulfonyl-
dihydrocitronellol

No structure found

no hits

no hits
4-methylbenzenesulfonyl-1-dodecanol

(9)

molecular
formula

C15H2003
C21H2607
C22H320,S2
C15H2403

C21H3007
C19H2407

C15H2004
C24H28N404

C17H2803S

C19H3203S

Table 4.5: Discriminating feature of fungal extracts obtained from different plant parts with p-values < 0.05. Compound structures are shown
in Figure 4.16.

reported source

Aspergillus sp.

A. ustus

Cladiella krempfi
Alternaria brassicae,

A. ustus

A. solani

Aspergillus sp.,

Penicillium sp. BCC 17468
A. ustus 094102

Claviceps purpurea



Discriminating features of the fungal extracts obtained from the flower

11.90 197.1047 tenuazonic acid (10)

7.90 230.1151 S-(6-hydroxyhexyl)itaconic acid (11)

10.25  418.1693 bufogargarizanine C (12)

11.81  629.2641 no hits

11.94  416.1935 no hits

11.82  197.1050 isotenuazonic acid (13)

11.80  238.1315 N-[(4-acetylamino)butyl-5-
(hydroxymethyl)-1H-pyrrole-2-
carboxaldehyde (14)

11.85 198.1083 no hits

17.62  346.2137 laricifolin B (15)

Discriminating feature of the fungal extracts obtained from the stem

N_2313, 2.1E-01 196.0974
N_90

P 237  5.1E-03 231.1224
N_93 6.9E-03 417.1620
N_91 1.9E-02 628.2568
N_92 2.2E-02 415.1862
P 5465, 3.9E-02 198.1123
P 357

P 17 4.8E-02 239.1388
P 15 4.9E-02 199.1155
P1 5.0E-02 347.2210
P 460  3.7E-02 177.0544
P 357  19E-02 181.0857
P 34 1.3E-05 211.1439
P 359  53E-04 285.0753
N_7 9.1E-04 211.0397
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8.57 176.0472 1,3,8-naphthalenetriol (16)

15.21  180.0785 3-propylgentisylquinone (17)

6.89 210.1366 6-(1-methylethyl)-3-(2-methylpropyl)-
2(1H)-pyrazinone (18)

19.47  284.0680 macrosporin (19)

19.50 212.0470 3-hydroxyxanthone (20)

C10H1sNO3
C11H180s

C16H26N4O9

C10H15NO3

C12H18N203

C21H3004

C10HsO3
C10H1203
C11H18N202

C16H120s
C13HgO3

Alternaria tenuis
Aspergillus sp.

A. niger,

Penicillium sp. JO5B-3-F-1
Isol. from the skin of Bufo
bufo gargarizans

Alternaria tenuis
Aspergillus sp.
Fusarium incarnatum
HKI100504

Hypericum olympicum

A. fumigatus, Alternaria
sp.
Paecilomyces berolinensis
fungal isolate CR1223-D
A. oryzae

A. solani



N_4

N 2
P_360

P 364
P 358

P_1503

N_2473

1.0E-03

1.1E-03

1.3E-03
2.8E-03

2.2E-02
2.2E-02

2.7E-02

3.9E-02

283.0616

240.0431

268.0382
280.2631

263.1274
306.1694

181.0858

286.1090

19.48

19.47

19.48
16.89

21.64
16.18

18.73

10.94

284.0689

241.0503

269.0455
279.2558

262.1201
305.1621

180.0785

287.1163

1-hydroxy-2,3-
dimethoxyanthraquinone (21)
cotarnoline hydrochloride (22)

no hits
2,4-tetradecadienoic acid
isobutylamide (23)
O-prenylporriolide (24)

porritoxin (25)
3-propylgentisylquinone (26)

pyrophen (27)

C16H120s

C11H12CIN
O3

C1sH3sNO

C15H1804
C17H23NOg4

C10H1203

C16H17NO4

Rubia tinctorum
Morinda citrifolia

Chrysanthemum frutescens

Alternaria porri

Alternaria porri,

A. solani
Paecilomyces berolinensis
fungal isolate CR1223-D

For multiple hits, chosen compounds listed in the table were filtered for a fungal source and members of the Asteraceae family only.
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Figure 4.15: VIP analysis generated by MetaboAnalyst® for the LC-HRMS data
fungal extracts of endophytes from various plant parts of Jordanian chamomile, The
extracts were grouped according to their bioactivity against breast cancer cell line ZR-
75. The boxed metabolites were the discriminating features hypothesised to be
responsible for the anticancer activity of the extracts.
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Figure 4.16: Structures of the discriminating metabolites of fungal extracts obtained
from different plant as predicted by OPLS-DA loadings plots as listed in Table 4.5.
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4.7. ITS gene sequencing

The bioactive isolated endophytic fungi were subjected to ITS gene sequencing, to
identify the fungus strain responsible for the bioactivity. Upon visualising the gel,
DNA bands were presence in the electrophoresis plates under the UV. For quality
control, the blank sample was placed in the plate and ran alongside the fungi samples.

Any contamination in the plate should be detected by the blank sample.

Two endophytes were chosen for medium optimisation based on their chemical profile
and biological activity, including A. ustus and A. solani, as shown in Table 4.6. Using
the FinchTV program, the sequencing results from BLAST were processed and
compared to NCBI-blast database. The ITS sequencing results were illustrated in
Appendix 1 and 2.

Table 4.6: The obtained bioactive endophytes and their identity.

Plant =~ Sample ID  Concentration Band size  Endophytic Fungus

source ng/mL (bp)
flower R1-2 10.1 1800-2000 A. ustus
R1-3 9.2 1800-2000
seed S4-2 55 500-700 A. solani
S4-3 6.1 500-700
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4.8. Summary of the preliminary screening results

Among the tested fungal isolates, only two endophytes (A. ustus and A. solani) were
able to significantly reduce the cell viability of the breast cancer cells by more than 80
percent but none of the isolated endophytes exhibited antioxidant activity. There were
a few factors that needed to be taken into consideration for future media optimisation
and scale-up work. These factors included biological activity, high extract yield, and
the uniqueness of chemical profiles of the individual extracts. According to the results
of the multivariate analysis of their NMR and mass spectral datasets, both A. ustus and
A. solani produced extracts with the most distinct chemical profiles. Furthermore, I1Cso
were calculated. In the anticancer bioassays, both endophytes were potent and had an
ICsos of approximately 1.3 pg/mL. Nevertheless, A. solani produced lower yields when

compared to A. ustus.

Endophytes have higher sustainability compared to the plant because the
microorganisms are not dependent on the season to grow them. Dormant cultures can
be stored in the repository and taken anytime for the inoculation and scaleup. Since
the production of the compounds are not also dependent whether the plant is stressed

or not, the more is the application of endophytes as a source is of a greater advantage.
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5. Optimising the production of bioactive fungal extracts

5.1. Optimising the production of anticancer bioactive metabolites in A. ustus

Aspergillus and other filamentous fungus are well-known for their capability to
produce a wide range of chemical metabolites that have biological activity (Tawfike
et al., 2017). These compounds are classified chemically by their biosynthetic origin,
which include Immunosuppressants, antibiotics, mycotoxins, and cholesterol-

lowering (Keller et al., 2005).

There are 26 identified Aspergillus species in the section Usti. Most of them are unable
to live at 37°C and are hence not considered human pathogens such as A. ustus.
(Jurjevic and Peterson, 2016). A. ustus are prolific generator of wide variety of natural
products including metabolites of mixed polyketide and terpene biosynthesis such as
the meroterpenoids, sesquiterpenes and sesterterpenes, which are produced in large
quantities (Geris and Simpson, 2009, Ebel, 2010). Drimane sesquiterpenoid alcohols
and lactones are widely recognised bioactive metabolites obtained from A. ustus (Liu
etal., 2009, Lu et al., 2009).

Numerous research groups have investigated the chemical composition of A. ustus.
This species produces mycotoxins that are meroterpenoid derivatives, isochromane
derivatives, drimane sesquiterpene esters, and ophiobolins (Lu et al., 2009). Many of
them displayed an interesting biological activity, including suppression of plant
growth and inhibition of endothelin-type B receptors (Li et al., 2022, Shang et al.,
2022). The produced secondary metabolites of the isolated endophyte from Jordanian
chamomile will be discussed in detail in chapter 6. In this chapter, a metabolomics-
guided approach was used to optimise fermentation conditions for A. ustus and to
detect the production of interesting secondary metabolites during the scaling-up

process.
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5.1.1. Extract yields on different media.

Solid media produced higher yields of extract than liquid media. As depicted in Table
5.1, the highest yield of A. ustus extract was gained from oat medium. Meanwhile, the
lowest extract yield was obtained from Wickersham liquid medium, both of which
were cultured for 30 days. The obtained yield of the extracts of A. ustus after 7, 15,
and 30 days of incubation on four different media are listed in Table 5.1 and shown in
the histogram shown below (Figure 5.1). A. ustus has achieved the peak of its log
growth phase after 30 days of incubation in both oat and potato-dextrose media moving
into the stationary as demonstrated in Figure 5.1. So, the optimum extract yields for
potato-dextrose and oat media, were afforded on the 30" day. As result of incubation
on Wickersham broth as well as in rice broth for 30th day, the extract yields started to
decline, which indicated the completion of the stationary phase and beginning of the
death phase. On15" day of incubation, the extract yield from rice and Wickersham

media has reached its optimum.

Table 5.1: Yields (in mg) obtained from A. ustus extracts grown in four different
media and extracted after various incubation periods. All cultures were incubated at
27°C.

Type of medium Incubation period

7 Days 15 Days 30 Days
Liquid media
Potato-dextrose 37.9 72.4 228.6
Wickersham media  75.2 119.4 106.7
Solid media
Rice media 188.1 220.5 169.5
Oat media 378.6 489.0 690.1
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Figure 5.1: Histogram of extract weights of A. ustus obtained from four different
media and incubated at 7, 15, and 30 days.

5.1.2. Biological assay

Before selecting the optimal medium for large-scale fermentation, the biological
activity of A. ustus extracts obtained from various media were tested against ZR-75
cells. As depicted in Figure 5.2, only potato-dextrose medium afforded a strongly
active fungal extract against breast cancer (ZR-75) cell line after 30 days of incubation,
where cell viability was almost zero. However, the fungal extracts from the potato-
dextrose medium incubated for 7 and 15 days were inactive, giving a percent cell
viability of about 80%. The extract obtained after 30 days of incubation in potato-
dextrose was most suitable for scaleup work. The rest of the other A. ustus extracts
obtained from the other media were inactive against ZR-75 cells. Both *H NMR and
LC-HRMS data were used to investigate the chemical composition of the afforded

extracts.
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Figure 5.2: AlamarBlue® cell viability assay results of 30pug/mL of A. ustus extracts.
The red line indicates the bioactivity threshold.

5.1.3. NMR spectroscopy for A. ustus extracts

5.1.3.1. Rice media

The proton NMR spectra of A. ustus extracts obtained from rice medium after 7, 15,
and 30 days of incubation were comparable to those of the blank media. So, the
production of secondary metabolites was very small, as shown in Figure 5.3. The NMR
spectrum of the resulting extract afforded the presence of unsaturated fatty acids
identical in the blank medium. This was indicated by methylene resonances for an
aliphatic chain observed at 1.00 to 1.50 ppm along with a-proton signals at 2.00 to
2.40 ppm. Furthermore, the *H NMR spectrum revealed the presence olefinic proton
resonating at 5.25 ppm. However, the endophyte started to generate a small amount of
aromatic chemicals at 30 days of incubation. The secondary metabolites included
aromatics compounds that are indicated by the blue box in Figure 5.3 (61 6.00 — 7.00).
These were substituted by electron withdrawing groups that shifted the protons of the

benzene ring downfield to 7.25 ppm.
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Figure 5.3: The *H NMR (500 MHz) data obtained from A. ustus extracts after

incubation in solid-rice medium incubated for 7, 15, 30 days, measured in DMSO-de

5.1.3.2. Oat media

The *H NMR spectra obtained from oat blank medium and fungal extracts revealed no
significant differences. Most of the solid oat medium peaks remained in the endophyte
extract after 30 days of incubation, as shown by the red boxes in the Figure 5.4. This
indicated that the fungus may not be consuming or processing media nutrients resulting
in poor secondary metabolites production but there could be an increase production of
primary metabolites as reflected by the high biomass produced in comparison to the

other culture media employed.
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Figure 5.4: The 'H NMR (500 MHz) data obtained from A. ustus extracts after
incubation in solid-oat medium incubated for 7, 15, 30 days, measured in DMSO-de

5.1.3.3. Potato-dextrose media

As illustrated by the 'H NMR spectra (Figure 5.5) for potato-dextrose medium
extracts, the biosynthesis of the secondary metabolites was detected at 15 and 30 days.
The secondary metabolites could be related to olefinic or aromatics compounds that
are indicated by the blue box (61 5.90— 7.00) in Figure 5.5 . High-intensity of signals
could be noticed at 0.50 to 2.50 ppm (green box), representing aliphatic parts, which
were comparable to blank’s components (red box). Additionally, incubating the
endophyte for 30 days, increased the concentration and diversity of secondary
metabolites produced, as seen in the black box. This was implied by the presence of
additional signals at 9.00 to 10.0 ppm in the *H spectra of the fungal extract obtained
at 30 days of incubation. A. ustus extracts obtained from potato-dextrose medium
afforded high yield of aliphatic and hydroxylated and compounds as indicated by
resonances exhibited at 0.50 and 5.50 ppm, respectively, including various saturated

and unsaturated fatty acids.
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Figure 5.5: The 'H NMR (500 MHz) data obtained from A. ustus extracts after
incubation in potato-dextrose medium incubated for 7, 15, 30 days, measured in
DMSO-ds

5.1.3.4. Wickersham media

When the endophyte was incubated in liquid-Wickersham media, the number of
compounds produced was very low. In the liquid-Wickersham culture extracts, most
signals observed in the *H NMR spectra were derived from the medium components,
as shown in Figure 5.6 (highlighted in blue boxes). As depicted in Figure 5.6, fatty
acid signals were observed in the H NMR spectrum. The huge intensity signals at 1.00
to 1.50 ppm is typical for methylene units of a long fatty acid chain. Furthermore, the
olefinic protons present in unsaturated fatty acids were found at around 5.00 to 5.50
ppm. The proton signals at 2.10 to 2.40 ppm could be accounted for a-protons of a
terminal carboxylic acid moiety.

After 30 days of incubation, the endophyte began to produce a small quantity of
aromatic compounds. This was observed with the occurrence of proton signals at 6.00

to 6.50 ppm, as shown in Figure 5.6 (red box). However, the production of these
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molecules were very low when compared to the fatty acids, as exhibited by their high
intensity peaks.
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Figure 5.6: The 'H NMR (500 MHz) data obtained from A. ustus extracts after
incubation in Wickersham medium incubated for 7, 15, 30 days, measured in DMSO-
de
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5.1.4. Multivariate analysis of NMR data

PCA scores plot of the *H NMR spectral data of A. ustus extracts illustrated similarity
and difference between various media incubated for 30 days, as shown in Figure 5.7.
Extracts obtained from the four media at 7" and 15" day of incubation were excluded.
A. ustus is a slow growing fungus that significant growth could be first observed on
the 21% day of incubation. As a result, poor production of metabolites was observed at
7" and 15" day of incubation. As seen in Figure 5.7A, the extracts were categorised
according to the different media at 30 days of incubation. The generated PCA-loadings
plot (Figure 5.7B) depicted the type of functional groups present in each extract of A.
ustus inoculated on various mediA. The *H NMR spectral data of potato-dextrose
medium extracts were dispersed in the lower left quadrant (encircled blue) of the PCA

loadings plot, which showed high intensity of peaks at the aliphatic region between
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0.0 and 2.00 ppm with few peaks at the olefinic region between 5.00 and 7.00 ppm.
The extracts obtained from the oat media were dispersed between the left and right
upper quadrant were mainly characterised by sugar types of metabolites indicated by
their chemical shifts between 3.00 and 5.00 ppm (encircled red). Sugars or
carbohydrates could have been extracted from the undepleted oat media or are primary
metabolites that have been further produced by the fungus resulting to an increase
biomass yield. Meanwhile, the A. ustus extracts from Wickersham medium were found
in the upper left quadrant of the plot containing few metabolites resonating mainly
between 5.00 and 6.00 (encircled green). Poor production of secondary metabolites
was observed for the Wickersham media extracts. This may be influenced by the poor
yield of the fungal extracts from Wickersham medium. Whereas extracts obtained
from rice media were located at the right side of the plot containing metabolites that
showed more diversity in their chemical profile with a wider range of resonance
between 0.00 and 8.00 ppm (encircled orange). R? and Q? values were 0.994 and 0.966
respectively, which indicated an excellent fitted model and predictability. The
difference between R? and Q? values was less than 0.3, which suggested the model was

not overfitted.
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Figure 5.7: (A) PCA scores and (B) loading plots of *H NMR spectral data of A.
ustus extracts obtained from four different media incubated at 30 days. R?= 0.994
and Q? = 0.966.
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Additionally, OPLS-DA was performed by classifying the media extracts based on
their bioactivity against the breast cancer cell line ZR-75. Incorporating the results of
AlamarBlue® on OPLS-DA, the active extracts were positioned on the right and
inactive extracts on the left side of the scores plot, as shown in Figure 5.8A. According
to the OPLS-DA loadings plot, the upper right active quadrant entailing the potato-
dextrose extract after incubation for 30 days were dominated with resonances between
0.00 and 2.00 ppm indicating the occurrence of aliphatic compounds. However, the
occurrence of a wider range of resonances between 4.00 and 7.00 ppm indicating the
presence of hydroxylated, olefinic and aromatic active compounds seem to be common
to both active and inactive extracts. The discriminating chemical shifts from the
bioactive media extracts were encircled in red, as illustrated in Figure 5.8B. whereas
the inactive media extracts exhibited a wider range of resonance between 0.00 to 8.00
ppm. R? and Q2 values were 0.999 and 0.998, respectively. This indicated a model
with excellent fitness and predictability. However, R?X,[1] gave a variation score of
55.7 % and the difference within groups R?X[2] of 16.1%. The variation score across
groups is bigger than the variation score within groups, which indicated an excellent

separation between the active and inactive extracts.
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Figure 5.8: (A) OPLS-DA scores and (B) loadings plots of *H NMR spectral data of
A. ustus extracts obtained after incubation on different media classified according to
their AlamarBlue® results against breast cancer cell line ZR-75. R and Q? values were
0.999 and 0.998, respectively. The difference between group R?X,[1] is equal to 55.7
% and the difference within groups R2X[2] is 26.1%. Encircled features on the
loadings plot indicate the discriminating chemical shifts for the biologically active
extracts against breast cancer cells line ZR-75.
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5.1.5. Multivariate analysis of LC-HRMS data

For multivariate analysis, a PCA scores plot was generated for the LC-MS data. The
extracts were grouped according to the different media in which the fungus was
inoculated for 7, 15 and 30 days. As of the observed variance between the incubation
time of various growth media, extracts from 7 and 15 days of incubation were included
in the study. The PCA scores plot (Figure 5.9 A) of the LC-HRMS data of A. ustus
revealed that extracts obtained from potato-dextrose, rice and oat after 30 days of
incubation were found in the right side of the plot, which implied a strong similarity
in their metabolomic profiles (encircled in red). Meanwhile, Wickersham media
extracts incubated for 7 and 30 days were outlying on the lower and upper left
quadrants, respectively (encircled blue). While extracts obtained from Wickersham
media at 15" day were dispersed in the lower left quadrant. This suggested that there
was a strong likelihood that a more distinct profile was afforded with Wickersham
medium between the three incubation periods when compared to the other media
extracts. Furthermore, A. ustus extracts obtained from rice and oat media at 7 and 15
days of incubation were clustered in the upper right quadrant of PCA plot (encircled

orange).

The loadings plot in Figure 5.9 B demonstrated that extract from rice and oat at 7 and
15 days produced low MWt metabolites ranging from 150 to 300 Da (encircled
orange). Meanwhile, 30 days extracts from oat, rice and potato-dextrose contained
metabolites with MWt from 150 to 300 Da, as encircled in red. Furthermore, the
outlying extracts obtained from Wickersham medium after incubation at 7 days
yielded lower MW metabolites discriminated by ion peaks at m/z 212.144, 360.150
Da, while after 30 days, higher MW compounds were yielded, which were separated
by metabolites with ion peaks at m/z 591.427, 634.453, 678.479, 722.506 Da. All the
above discriminating metabolites gave no compound hits except for ion peaks at m/z
360.150 Da from extracts obtained at 7™ day of incubation and 678.479 Da after 30
days of incubation in Wickersham medium (Figure 5.10). These metabolites were
putatively identified as turbomycin A and phakelliacerebroside A.

The model gave goodness of fit (R?) of 0.811 and a good predictability score (Q?) of

0.534 after seven components. Turbomycin A exhibited broad spectrum of
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antibacterial activity against gram-positive and gram-negative bacteria, it was first
isolated from cultured soil DNA and was produced from Escherichia coli (Gillespie
et al., 2002). There were no studies on the anticancer activities of this compound.
Phakelliacerebroside A was isolated from the sponge Phakellia fusca, and there are no

reported studies on the bioactivity of this compound (DNP database) as well.

223 |Page



A 150000 1 [ wickerham
1 . potato
] W rice
1 wk2-30D oat
1@ @ wWk3-30D
WK1-30D
4 PO2-7D @g po3_7p /-\
R \
N 1 @ WK2-15
= | WK3-15D @
-50000 -
1 @ WK1-15D
-100000
-150000
-200000 - | - | | J
-150000 -100000 -50000 0 50000 100000 150000
t[1]
Booa~ Il 1955 - 2050
1 oéggﬁ‘g 01 [ 1860 - 1955
0.06 [ 1765 - 1860
1670 - 1765
0.04 o 1575 - 1670
1480 - 1575
002 1385 - 1480
‘ o 1290 - 1385
1195 - 1290
0 [0 1100 - 1195
= [ 1005 - 1100
-0.02 [ 910 - 1005
815-910
-0.04 - 720 - 815
625 - 720
0.06 - [ 530 - 625
B 435-530
008 [l 340 - 435
e Il 245 - 340
Il 150-245
-0.1 : : : : \
-0.15 -0.1 -0.05 0 0.05 0.1

pl1]

Figure 5.9: (A) PCA scores (B) loading plots of LC-HRMS data of A. ustus extracts
from four media incubated at 7, 15, and 30 days. R?X= 0.811 and Q?X = 0.534.
Encircled features represent the discriminating ion peaks for the outlying extracts
obtained from Wickersham media incubated for 7 and 30 days.
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Figure 5.10: Discriminating metabolites from fungal extracts obtained after 7 and 30
days of incubation in Wickersham media.

An OPLS-DA analysis was performed to provide a clearer illustration of the
differences in metabolic profiles between fungal extracts isolated from various media
(Figure 5.11). It afforded a fitness (R?) and predictability (Q?) scores of 0.85 and 0.67,
respectively. This indicated good fitting and prediction of the generated model, which
improved when compared to the PCA model above. The variation between groups
R%X, [1] was 17.5% and within group R#X[1] was 10.5% that indicated low diversity
of the samples within the respective groupings. Extracts from A. ustus grown on
Wickersham media for 7, 15, and 30 days of incubation were closely clustered in the
right side of the plot, which were not dispersed as observed on the PCA model and
contained metabolites with MW ranging from 240 to 690 Da (encircled green), as
shown in Figure 5.11B. A. ustus extracts from the rice media incubated at 7 and 15
days were overlapping in the lower left right quadrant containing metabolites with
MWs range from 150 to 700 Da (encircled red). Whereas, extracts of A. ustus
inoculated on oat media at 7" and 15" day of incubation were overlapping in the upper
left right quadrant containing metabolites with a wider range of MWSs from 250 to 700
Da (encircled orange). However, the metabolites for A. ustus extracts obtained from
the rice and oat at 30" day of incubation overlapped in the lower left quadrant,

indicating that they shared metabolites with a similar range of MWSs. On the other
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hand, extracts obtained from the potato dextrose media incubated at 7, 15, and 30 days
were positioned in the upper left quadrant together with those afforded by the oat
media. The discriminating features of A. ustus from each media were dereplicated in
Table 5.2.
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Figure 5.11: (A) OPLS-DA scores and (B) loading plots of LC-HRMS of A. ustus
extract obtain from different mediA.The encircled box indicated the discriminating
feature for each media extracts. R?=0.86 and Q2 = 0.76. The difference between group
RZX,[1] is equal to 17.5% and the difference within groups R2X[2] is 10.5%.
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Table 5.2: Dereplication of discriminating metabolites of A. ustus for the different media. Structures are shown in Figure 5.12.

MZmine
ID

N_1780
P 168

N_15143
N_3063
N_2763
N_3160
N_8269

P 193
P 401
N_3162

P 241
N_2936

N_4060
P 389

N_17584

P 397
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p_
value

0.0024
0.1003
0.0002
0.0336
0.0341
0.0336
0.1708

0.0040

0.0081
0.0095
0.0001
0.0001

0.0433
0.0292

0.0104

0.0128

m/z

211.14432
351.26853
360.15027
546.40079
590.42694
634.45284
678.47929

303.18148

321.13339
429.26441
638.31912
638.31912

233.15401
268.19077

268.19103

227.10689

Rt

5.58
26.49

4.20
25.17
25.00
24.90
24.79

9.63

23.17
19.63
13.61
13.61

14.85
15.12

14.97

18.39

MW

compound hits |

Wickersham medium extracts

212.1516
350.2613
361.1575
547.4081
591.4342
635.4601
679.4866

302.1742

320.1261
430.2717
637.3118
639.3264

234.1613
267.1835

269.1983

226.0996

cyclo(leucylvalyl) (1)
B-apo-12'-carotenal (2)
turbomycin A (3)

no hits

no hits

no hits
phakelliacerebroside A (4)
Rice medium extracts
viridamine (5)

aculeatusquinone B (6)
protoaustinoid A (7)

no hits

petrosifungin B (8)

Oat medium extracts
aspergillusene A (9)
menthyl pyrrolidone
carboxylate (10)
N-undecanoylhomoserine
lactone (11)

3-hydroxy-5-methoxystilbene
(12)

Predicted

molecular formula

(DBE)

C11H20N202 (3)
CosH340* (9)

CasH19N3(6)

C29Hs7NOs (2)
C31H61NOg (2)
C3z3HesNO1o (2)
C3sHeoNO11 (1)

C16H22N402 (4)
C17H2006 (8)
C26H330s5 (8)
Ca3H43Ns0g (15)
Ca3H4sNs0g (14)

Ci15H2202 (5)
C15H2sNO3 (3)

C1sH27NO3 (1)

C15H1402 (2)

Source

A.fumigatus
oxidn. of B-carotene
Escherichia coli

Phakellia fusca (sponge)

Penicillium viridicatum
CSIR 354

A.aculeatus

A.nidulans

Penicillium brevicompactum

A.sydowii
various sources

Pseudomonas aeruginosa

Penicillium commune



N_1520 | 0.0029
N_4049  0.0291
P 301  0.0217
N_3947  0.0217
P 388  0.1188
P21 0.0252
P 190  0.3907
N 17936 0.910
P 161 0.639

324.29000

233.15399

240.10207

240.10210

465.30010

169.0861

231.1382

740.5239
1053.6815

14.73
12.04

12.06

14.86

9.18

16.03

28.40
28.38

325.297

234.1613

239.0948

241.1094

464.2928

168.0789

230.1310

741.5311 phosphatidylethanolamine (20)

1052.6742

N-(2-hydroxyethyl) oleamide
(13)
terrecyclol (14)

TMC 120B (aspergillitine) (15)

TMC 120A (16)

ganodermalactone H (17)

Potato-dextrose medium extracts

3-(4-hydroxyphenyl)-1,2-
propanediol (18)
tavacfuran (19)

No hits

C20H39NO2 (2)
CisH2202
C1sH13NO2 (9)
C15H1sNO2 (8)
CaoH00s (11)
CoH1203 (4)

Ci15H1802 (3)

C41H76NOgP (4)

various sources

A.terreus

A. ustus,
A.pseudodeflectus
A.versicolor

A. ustus
A.calidoustus
Tomophagus sp

A.flavus

marine sponge Dysidea sp.,
tnudibranchs: Hypselodoris
cantabrica, H. tricolor and H.
villafranca

various sources

*For multiple hits, chosen compound hits were filtered for microbial or fungal species except otherwise. *All other hits were from

plant species.
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Figure 5.12: Structures of the discriminating metabolites from A. ustus extract
obtained from different media and listed in Table 5.2
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The OPLS-DA of the active versus the inactive extracts was also performed as
presented in Figure 5.13. It gave fitness and predictability scores of 0.94 and 0.51,
respectively, indicating good fitting and prediction of the generated model. The
variation score between groups was 15.2 % while within groups, it was only 2.0%
indicating a relatively good homogenous features for the respective classes. The
OPLS-DA scores plot in Figure 5.13A positioned the active extracts on the right
quadrants, as outliers. Meanwhile, the inactive extracts were dispersed on the left
quadrants of the scores plot, as shown in Figure 5.13A. The outlying A. ustus extracts
obtained from potato-dextrose media at 30" day of incubation were discriminated by
metabolites encircled in red with p-values < 0.05 (Figure 5.13C), which indicated a
strong model with a confidence interval of more than 95%. The bioactive metabolites
gave a m/z value range between 190 t01000 Da. From the dereplication results,
discriminating metabolites with p-values of less than 0.05 are listed in Table 5.3. Eight
of the ion peaks remained unidentified, structures of putatively identified compound
hits are shown in Figure 5.14. Discriminating features with MWt range between 550
and 790 Da showed low DBE values of 1 to 4 that indicated the presence of aliphatic
systems. Looking back on the OPLS-DA loadings plot of their 'H NMR spectral data
in Figure 5.8B, this was supported by resonances between 0.50 and 2.00 ppm and

olefinic systems resonating between 5.00 and 5.50 ppm.

Dereplication putatively identified some of the compounds from the DNP database, as
shown in Table 5.3. These included MZmine IDs N_17361, N_ 10906, N_1719 and
N_7030 represented by ion peaks found at m/z 554.5147, 742.5387, 784.5858 and
652.588 dereplicated as N-2-hydroxyhexadecanoylsphinganine; phospholipid
derivatives:  stearoyllinoleoylphosphatidyl-ethanolamine and  -choline; and
pakistamide A, respectively.

While discriminating feature MZmine 1D N_8964 with MWt of 488.1735 500 Da
showed the presence of sugar systems. The OPLS-DA loadings plot (in Figure 5.8B)
of the NMR spectral data confirmed this by the presence of few numbers of
glycosylated signals resonating between 3.00 and 4.00 ppm afforded by fungal extracts
obtained potato dextrose medium incubated for 30 days. On the other hand,
discriminating features with MWt of less than 380 Da showed higher DBE values.
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This indicated the presence of aromatic systems. The NMR data of OPLS-DA loadings
plot (in Figure 5.8B) also confirmed this by the presence of aromatic signals resonating
between 6.00 and 8.00 ppm. (Hayes et al., 1996). These discriminating features were
identified as stellatic acid, 3-(4-hydroxyphenyl)-1,2-propanediol, and 2 a,11-
dihydroxy-7-drimen-6-one, respectively. Stellatic acid was first isolated from the
fungus A.stellatus, which was cultivated on Czapak-Dox medium (Qureshi et al.,
1980). Also, stellatic acid was isolated from the fungus Emericella variecolor NBRC
32302 (Frisvad and Samson, 2004), it was moderately cytotoxic to murine leukaemia
(P388) cells with an 1Cso value of 24.7 uM (Matsuda et al., 2015). Whereas, drimane
sesquiterpene ester 2a,11-dihydroxy-7-drimen-6-one was also described from A. ustus
var. pseudodeflectus growing on malt extract agar, which was obtained from Xenova
culture 3811 of an Egyptian dessert soil. This compound showed endothelin receptor
binding inhibitory action against the endothelin-A and endothelin-B receptors of rabbit
and rat (Hayes et al., 1996).

Furthermore, two drimane sesquiterpene ester were also isolated from A. ustus
including deoxyuvidin B and 9,11-dihydroxy-7-drimen-6-one. Deoxyuvidin B was
isolated from cultures of the fungus A. ustus, and previously isolated from the plant
pathogen Alternaria brassicae. Deoxyuvidin B was also obtained from A. ustus
cultures derived from marine sponge Suberites domuncula. The fungus was grown at
22°C for 21 days on biomalt agar and barley-spelt solid medium, It was shown to be
non-cytotoxic against the L5178Y, HelLa, and PC12 cell lines (Liu et al., 2009).
Meanwhile, 9,11-dihydroxy-7-drimen-6-one was obtained from the Fungus X3811,
which was confirmed as a strain of A. ustus var. pseudodeflectus (Hayes et al., 1996).
It was growing on malt extract agar (MEA) and glycerol nitrate agar (G25N).
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Figure 5.13: (A) OPLS-DA scores (B) OPLS-DA loadings S-plot of LC-HRMS data
of A. ustus of different media extracts classified according to their bioactivity against
breast cancer cells (ZR-75) (C) Expansion of the OPLS-DA loadings plot indicating
the discriminating features for the active A. ustus extracts obtained from potato-
dextrose media at 30" day, which are labelled with their m/z values and were listed
below in Table 5.3. R?=0.94 and Q? = 0.51. The difference between group R?X,[1] is
equal to 15.2% and the difference within groups R2X[2] is 2.0%.
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Table 5.3: Dereplicated metabolites that define the discriminating features of anticancer bioactive potato dextrose media extracts. The
compounds are arranged according to their p-values. Structures are shown in Figure 5.14.

MZmine
ID

p-value

2.30E-13

3.40E-09
3.56E-09
9.02E-08
3.04E-07
2.24E-05
4.66E-05
5.30E-05
0.000142
0.000172

N_2454

N_2730
N_2533
N_17361
N_2789
N_6991
N_24175
N_7030
N_2107
N_2873

0.000206
0.000259
0.000315

0.000354
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m/z

659.5727

655.5396
633.5587
554.5147
725.6303
674.5705
232.0657
652.588
537.3958
235.1695

214.0898

327.0083
537.3958

487.1662

Rt

37.53

34.10
37.84
33.10
32.11
33.61
9.82
32.01
37.56
11.04

412

44.19
37.51

2.56

MW

660.5799

656.5469
634.566
555.522

726.6376

675.5777
233.073

653.5953
538.403

236.1768

213.0826

326.001
536.3885

488.1735

compound hits *

no hits

no hits
ergosteryl palmitate (1)
N-2-hydroxyhexadecanoylsphinganine (2)
no hits
no hits
no hits
pakistamide A (3)
no hits
aspergiterpenoid A (4)
brasilanone B (5)
brasilanone C (6)
brasilanone D (7)
4a,5-dihydromonascusic acid A (8)
N-butylbenzenesulfonamide (9)

no hits
palmitoylarucadiol (10)
hyperforin (11)
labdanecaryophyllic acid (12)
B-L-rhamnopyranosyl-(1—4)-B-D-
glucopyranosyl-(1—4)-D-galactose (13)

Predicted Source
molecular
formula* (DBE)
C41H76N204 (5) -
Ca1H72N204 (7) -
Ca4H7402 (8) A.itaconicus
C34HeoNO4(1) Acetobacter spp.
CasHss07 (2) -
C42H77NOs (5) -
CaoH79NO5(2)** Abutilon pakistanicum
CssHs404 (9) -
C15H2402 (4) Aspergillus sp
A.terreus
A.nidulans

C10H15sNO2S (4) Actinoallomurus sp

Pseudomonas sp

C3sH5204 Salvia miltiorrhiza
(10)** Hypericum perforatum
Calocedrus macrolepis
C18H32015 (3)  Streptococcus pneumoniae

type 23F



N_10906 0.001188

N_398  0.002438
N_1719  0.002954

P 34 0017958
N_2824 0.228314

P_21  0.156459

P_157  0.555233

742.5387

217.1046
784.5858

195.1229
369.2793

169.0861

253.1800

30.34

5.87
37.88

4.85
25.87

9.17

14.36

743.546

218.1119
785.5931

194.1157
370.2866

168.0788

252.1728

stearoyllinoleoylphosphatidylethanolamine
(14)
no hits
linoleoylstearoylphosphatidylcholine. (15)

2,3,4-tri-O-methylxylitol (16)
stellatic acid (17)

3-(4-hydroxyphenyl)-1,2-propanediol (18)
2a,11-dihydroxy-7-drimen-6-one (19)

deoxyuvidin B (20)
9,11-dihydroxy-7-drimen-6-one (21)

Cs1H78NOgP (4)

Ca4HgsNOgP (4)

CsH180s5 (0)
CasH3802 (7)

CoH1203 (4)

Ci5H2403 (4)

membranes of eukaryotic
and prokaryotic cells
membranes of eukaryotic
and prokaryotic cells
Psalliota campestris
A.stellatus, Emericella
venezuelensis
A flavus

A. ustus

*For multiple hits, chosen compound hits were filtered for microbial or fungal species (particularly for the genus Aspergillus) except otherwise.
*Follows the heuristic rules. **All other hits were from plant species.
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Figure 5.14: Structures of the discriminating bioactive metabolites from A. ustus
extract obtained from potato dextrose media have been listed in Table 5.3.
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Figure 5.15: Total lon Chromatogram (TIC) of the bioactive A. ustus extracts obtained
from potato-dextrose media. The ion peaks that represent the discriminating features
listed in Table 5.3 have been labelled.
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5.2. Optimising the production of anticancer bioactive metabolites in A. solani

The fungal genus Alternaria are members of the Dematiaceae family of the
Hyphomycetes. They may function as plant pathogens, weak facultative parasites,
saprophytes, and endophytes (Thomma, 2003). Several Alternaria metabolites are
poisonous to both plants and animals, and are classified as phytotoxins or mycotoxins,
depending on their toxic properties (Strange, 2007, Duke and Dayan, 2011). The
metabolites produced by Alternaria fungus may be divided into numerous groups,
which include nitrogen-containing compounds, steroids, terpenoids, pyranones
(pyrones), quinones, and phenolics. Several metabolites are exclusive to a single
Alternaria species; however, the vast majority of metabolites are produced by several
Alternaria species (Lou et al., 2013).

A. solani afforded compounds such as tetrahydroaltersolanol B (7), hydroxybostrycin
(8) as well as altersolanols A (9), B (10), C (11), D (12), E (13), F (14), G (15) and H
(16). It was found that A. solani causes black spot disease on tomato leaves (Okamura
etal., 1993a, Okamura et al., 1993b). Several anthraquinone metabolites isolated from
A. solani and Alternaria sp., included macrosporin (6), hydroxybostrycin (8),
altersolanol A (9), altersolanol B (10), altersolanol C (11), altersolanol G (15), and
alterporriol C (18), which demonstrated antibacterial activity against Pseudomonas
aeruginosa, Bacillus subtilis, Escherichia coli, Vibrio parahemolyticus, Micrococcus
luteus Staphylococcus albus, and Staphylococcus aureus (Zheng et al., 2012, Okamura
etal., 19933, Yagi et al., 1993).

Additionally, phenolic phytotoxins were also isolated from A. solani causing early
blight disease in potato and tomato. These phytotoxin were identified as zinniol (19),
8-zinniol 2-(phenyl)-ethyl ether (20), 8-zinniol methyl ether (21), 2-(2",3"-dimethyl-
but-1-enyl)-zinniol (22) and homozinniol (23) (Moreno-Escobar et al., 2005, Gamboa-
Angulo et al., 1997)
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Table 5.4: Secondary metabolites previously isolated from A. solani.

Metabolite | No. Metabolite name Reference
class
Pyranones |1 alternaric acid (Patel et al., 2011)
2 solanapyrone A (Ichihara et al., 1983)
3 solanapyrone B
4 solanapyrone C
5 solanapyrone D
6 solanapyrone E
Quinones | 7 macrosporin (Stoessl et al., 1979)
8 tetrahydroaltersolanol B (Zheng et al., 2012)
9 hydroxybostrycin (YYagi et al., 1993)
10 altersolanol A = stemphylin | (Yagi et al., 1993, Okamura et
11 altersolanol B = dactylarin al., 19932, Zheng et al., 2012)
12 altersolanol C = dactylariol
13 altersolanol D
14 altersolanol E
15 altersolanol F
16 altersolanol G
17 altersolanol H
18 alterporriol A/B (Okamura et al., 1993b,
Suemitsu et al., 1990)
19 alterporriol C (Suemitsu et al., 1990)
Phenolics | 20 zinniol (Moreno-Escobar et al., 2005)
21 8-zinniol 2-(phenyl)-ethyl
ether
22 8-zinniol mthyl ether
23 2-(2",3"-dimethyl-but-1-
enyl)-zinniol
24 homozinniol (Gamboa-Angulo et al., 1997)
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Figure 5.16: Secondary metabolites previously isolated from A. solani

5.2.1. Extract yields on different media.

A. solani isolated from the stem of Jordanian chamomile was grown on five different
media. Again, like the previous endophytic fungus, the average yield of extracts
afforded by the solid media was higher than when grown on liquid media. Amongst
the liquid media, the highest yield of 94.0 mg was achieved by growing the fungus on
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potato-dextrose media extract at 15 days of incubation. The extract yields of the liquid
media started to decline on the 30th day of incubation, which indicated the end of the
stationary phase and beginning of the death phase. On solid media, the highest extract
yield of 455.6 mg was obtained from the fungus grown for 15 days on rice media.
Extract yields obtained from the various media are presented in Table 5.5 and Figure
5.17. The log growth phase of A. solani was observed at 15" day on solid media and

liquid media.

Table 5.5: Extract yields afforded by A. solani grown on five different media and
collected at various incubation periods. All cultures were incubated at 27°C.

Liquid media
Type of media Incubation period
7 Days 15 Days 30 Days
Potato-dextrose 45.5 94.0 24.2
Wickersham media  42.3 845 23.2
Malt media 17.5 435 41.2
Solid media
Rice media 214.8 270.1 311.7
Oat media 388.0 455.6 450.2
500 455.6450.2
450
388
400
350
300 270.1270.5
250 214.
200
izg 94 84.5 I
45.5 42.3 435 41.2
50 24.2 I23.2 17.5
Potato-dextrose Wickersham malt Rice Oat

W7 days M 15 days 30 days

Figure 5.17: Histogram of extract weights of A. solani obtained from five different
media and incubated at 7, 15, and 30 days.
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5.2.2. Biological assay

Before selecting the optimal medium for large-scale fermentation, the biological
activity of fungal extracts grown on different media were tested against breast cancer
(ZR-75) cells. At first, media optimisation was done o four different media including
potato-dextrose, Wickersham, rice and oat. Then, malt medium was used to compare
the chemical profile to malt extract agar medium. As depicted in Figure 5.18, all
extracts of A. solani from five different media at various incubation time were inactive
against breast cancer (ZR-75) cells. However, multivariate analysis of the production
of metabolites were done to attempt to explain the changes occurring in the fungus
during the media optimisation experiment and to find the causes contributing for losing
the bioactivity.

Effect of A.solani cultured in different media
against breast cancer cells(ZR-75)

120
100
80
60
40
20

= threshold

% cell viability

Potato-dextrose Wickersham malt media Rice media Oat media
media
media type

B 7 Days M 15 Days 30 Days

Figure 5.18: AlamarBlue® cell viability assay results of 30pug/mL of A. solani
extracts. The red line indicates the bioactivity threshold.
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5.2.3. NMR spectroscopy for A. solani extracts

5.2.3.1. Rice media

The proton NMR results provided a general indication of the major compound present
in the various extracts. Stacked *H NMR spectra of A. solani extracts obtained from
rice media at 7, 15, and 30 days of incubation was shown in Figure 5.19. When
comparing the fungal extracts with the blank media (red box), major variations were
noticeable at the glycosylated and aromatic resonance between 3.50 and 7.25 ppm. A
new set of signals can be detected after 15 and 30 days of incubation, including
hydroxylated peaks resonating between 3.50 and 4.50 ppm (green box), as well as
aromatic peaks between 6.50 and 7.25 ppm (blue box).

The intensity of the peaks of extracts obtained from 15" and 30" days of incubation
were higher than the peaks of extracts obtained from 7" days of incubation, which
indicated that the log growth phase of A. solani was observed between15™" and 30"

day.
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Figure 5.19: The *H NMR (measured in DMSO-dgs, 500 MHz) data obtained from A.
solani extracts after inoculation on solid-rice medium incubated for 7, 15, 30 days.
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5.2.3.2. Oat media

As depicted by the red boxes in Figure 5.20, the *H NMR spectra obtained from oat
blank medium and fungal extracts were relatively similar. Most of the solid oat
medium peaks remained in the fungal extract except at 30 days of incubation. A small
production of secondary metabolites at chemical shifts resonating between 6.50 and

7.25 ppm were observed as shown in Figure 5.20 (blue box).

L .

30 days

15 days

7 days

%é

Blank

N
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-

m
J
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T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 45 4.0 3.5 3.0 2.5 2.0 15 1.0 0.5
f1 (ppm)

Figure 5.20: The *H NMR (measured in DMSO-ds, 500 MHz) data obtained from A.
solani extracts after inoculation on solid-oat medium incubated for 7, 15, 30 days.

5.2.3.3. Potato-dextrose media

The *H NMR spectra of fungal extracts obtained from those inoculated on potato-
dextrose and that for the blank medium showed no differences from each other. No
changes in peak resonances were observed between the potato-dextrose medium peaks
and those for the fungal extracts after 30 days of incubation, as shown by the red boxes
in Figure 5.21. This suggested that the fungus was not utilising the nutrients in the

medium, resulting in poor secondary metabolite synthesis with low growth rates.
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Figure 5.21: The *H NMR (measured in DMSO-dgs, 500 MHz) data obtained from A.
solani extracts after inoculation on potato-dextrose medium incubated for 7, 15, 30
days.
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5.2.3.4. Wickersham media

The endophyte generated relatively few metabolites when grown in liquid
Wickersham medium. As shown in Figure 5.22, the majority of *H NMR signals in
liqguid Wickersham culture extracts were derived from the medium components
(highlighted in red boxes). Fatty acid signals were detected in the *H NMR spectrum,
as illustrated in the Figure 5.22. Long-chain fatty acids have a high intensity signal at
dn 1.00 to 1.50, which is characteristic of methylene units in these fatty acids. Aside
from that, the presence of olefinic protons in unsaturated fatty acids was also identified
in the region of dx 5.00 to 5.50 in addition to the proton signal at o4 2.10 to 2.40,
which indicated the presence of a proton signals of the terminal carboxylic unit. After
30 days of incubation, the endophyte started to produce a small quantity of aromatic
compounds, which were implied by proton signals resonating at 64 6.00 — 6.75, as

shown in Figure 5.22 (blue box). However, the production of these molecules was very
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minimal in comparison to the occurrence of fatty acids, as seen by their peak

intensities.
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Figure 5.22: The *H NMR (500 MHz) data obtained from A. solani extracts after
inoculation on Wickersham medium incubated for 7, 15, 30 days, measured in
DMSO-ds
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5.2.3.5. Malt extract broth media

The stacked proton NMR spectra of A. solani extracts obtained at 7, 15 and 30 days of
incubation periods on malt extract with media blanks are presented in Figure 5.23.
after incubation for 15 and 30 days, a few low intensity peaks were observed in the
aromatic region at 5.92 ppm (blue box). In addition, resonances for hydroxyl groups
and olefinic hydrogens at 3.50 and 5.50 ppm, respectively (green and orange box),
were also observed on the spectra of the fungal extracts.
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Figure 5.23: The *H NMR (500 MHz) data obtained from A. solani extracts after
inoculation on malt extract broth medium incubated for 7, 15, 30 days, measured in
DMSO-ds

From the analysis of the proton NMR spectrum, it was quite evident that chemical
profiles of A. solani extracts afforded upon inoculation on five different media were
also quite different from the extract yielded by the MA media as shown in Figure 5.24.
Metabolite production in the fungi was highly dependent on the type of media and

stability of the production of the secondary metabolites by the fungus.

246 |Page



Rice ;‘#MM@MMMU“ 6
Potato-dextrose L JM\WJ“M»» umm A 4
Wickersham W JJ MM NM“_A’%

Malt extract

|
L r
=T

Malt-agar L A

T T T T T T T T T T
16 15 14 13 12 11 10 9 8 7

T T T T T T T T T
5 4 3 2 1 0 -1 -2 -3

P

1 (ppm)

Figure 5.24: The stacked *H NMR (measured in DMSO-ds, 500 MHz) data obtained
from A. solani extracts from the screening step in comparison to the five different
media used during the media optimisation step incubated for 30 days.

5.2.4. Multivariate analysis of NMR spectral data

As displayed in Figure 5.25, a PCA scores plot of the *H NMR spectrum data of A.
solani extracts revealed similarities and differences across the incubated medium for
15 and 30 days. All media produced insufficient metabolites on the 71" day. So, extracts
obtained at 7" day from each medium were excluded for multivariate analysis. As
demonstrated in Figure 5.25A, extracts of A. solani obtained from Wickersham media
incubated for 30 days were separated in the upper left quadrant, indicating their
relatively unique chemical profiles. From the loadings plot in Figure 5.25 B, the
discriminating chemical shifts for extracts obtained from the fungus incubated in
Wickersham for 30 days exhibited signal resonating mainly in the aliphatic region
between 0.0 and 2.0 ppm and contained glycosylated metabolites implied by signals
at 3.0 to 4.0 ppm (encircled green). Meanwhile, the *H NMR spectral data of extracts
obtained from the fungi incubated in potato-dextrose and oat for 30 days were

dispersed in the upper right quadrant of the PCA scores plot, which showed high
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intensity of peaks at the aliphatic region between 0.0 and 2.00 ppm and a relatively
lesser number of glycosylated metabolites between 3.00 and 4.00 ppm (encircled blue).
On the other hand, extracts obtained from the fungus incubated in rice for 15 and 30
days were clustered in the lower right quadrant. Whereas, extracts from the fungi
incubated in Wickersham, potato dextrose and oat for 15 days were slightly dispersed
in the lower left quadrants of the plot. Poor production of secondary of metabolites
were observed for these extracts. This was confirmed by the *H NMR spectra of these
extracts, which were very similar to that of the medium blank. The model gave a
goodness of fit at 0.99 and good predictivity score of 0.95 after 7 components. The
difference between R? and Q? values less than 0.3, confirming that the model was not

over fitted.
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Figure 5.25: (A) PCA scores (B) loading plots of *H NMR spectral of A. solani
extracts from four media incubated at 15 and 30 days. R?= 0.99 and Q? = 0.95 after 7
components.
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The OPLS-DA scores plot of the proton NMR spectral data of A. solani extracts was
performed to provide the differences in metabolic profiles between A. solani extracts
obtained from the different media at 15 and 30 days of incubation (Figure 5.26A).
According to the OPLS-DA loadings plot (5.26B), the right side of plot entailing the
fungal extracts from the Wickersham media after incubation for 15 and 30 days were
dominated with resonances between 0.00 and 2.00 ppm indicating the occurrence of
aliphatic compounds and showed the occurrence of resonance between 3.0 and 5.0
ppm indicating the presence of hydroxylated, glycated compounds (encircled green).
While extracts obtained from oat media at 15" and 30" days were found in the lower
left quadrant and exhibited a resonance between a 1.00 to 5.50 ppm. This is indicative
of acetylated compounds and fatty acids. R2 and Q? values were 0.99 and 0.79,
respectively. This indicated a model with excellent fitness and predictability.
However, R?Xo[1] provided a variation score of 29.6%, whereas the difference within
groups R?X[2] provided a score of 5.6%. The difference between the variation scores
between groups is greater than the difference between the variation scores within

groups, indicating that there is strong separation between media extracts.

250|Page



N . Wickersham
4 . potato dextrose
*] I oat
rice
1 PO3-30D @
) @9 r02-15D
@
2 .
wn
- P LY .
= Rice2—15D% @ Ricp1-30D o o
=
] \ @ Wk3-30D
Oat3-15D
‘ °
_4 .
@ 0Oat3-30D
.6 .
-8 ! | Y | |
-15 10 5 0 5 10 s
t[1] * 1.00026
0.4 4 Wi-12
B o-11
0.3 o 10
8
@
0.2 4

Potato-dextrose

O = N W h vt O
' ' ' ' ' ' ' ' ' '
= N W A U1 O N 0O VO

pql2] * 0.886658

-0.1 0 0.1 0.2 03 0.4
pql1] * 0.976035

Figure 5.26: (A) OPLS-DA scores B) loadings plots of *H NMR spectral of A. solani
extracts obtained from different media. R?> and Q? values were 0.99 and 0.79,
respectively. The difference between group R?Xo[1] is equal to 29.6% and the
difference within groups R?X[2] is 5.6%. Encircled features on the loadings plot
indicate the discriminating chemical shifts
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Multivariant analysis of proton NMR of the fungal extracts grown on malt-broth
medium at 7, 15 and 30 days and MA medium were done to understand the reasons
for losing of the bioactivity of A. solani extracts. The PCA scores plot of the NMR
spectral data (Figure 5.27A) showed differences between the extracts grown on malt-
broth for 7, 15 and 30 days and MA medium. MA media was found on the right side
of plot while malt-broth medium found on the left side of the plot (Figure 5.27A),
which indicated different chemical profile between both extracts. The PCA-loadings
plot revealed the type of functional groups and chemical profiles for each group of
extracts. As depicted in Figure 5.27B, higher number of produced metabolites in MA
medium when compared to malt medium. High intensity of metabolites resonated
between 0.0-2.0 ppm. Metabolites afforded by MA medium were highly glycosylated,
which were indicated by *H signals from 3.00 to 4.00 ppm. On the other hand,
resonances for olefinic and aromatics from 5.00 to 8.00 ppm were observed amongst
extracts obtained from fungi inoculated on malt-broth. While fungal extracts grown on
malt-broth seem to produce fewer secondary metabolites than those inoculated on MA
medium. In the generated model, R? was 1.0 and Q2 was 1.0, suggesting a model with
excellent fitting and predictability. In summary, a different chemical profile between
MA and malt medium was illustrated, which can explain the loss of the bioactivity of

A. solani.

252 |Page



1500 B malt
[l malt agar

1000 -

500 -

@ malt-30d

1+
mart-agat

~ 0 malt-15d @

@ malt-7d

-500

-1000 +

-1500 LI S B L S B L L e LA S B L S B L SN B L S BN B R R
-100000 -80000 -60000 -40000 -20000 0 20000 40000 60000 80000 100000
t[1]

041 Wii-2
] l | o-11
9-10
03 ) 5 o
7-8
[Me-7
s-6
[H4-5
3-4
_ W3
& ® @ B
P @ 6) Wo-
1 ®
021 @ @
®
@
-03 ®
-04 T T T T T T T T T T T T T T T T T T 1
-0.05 0 0.05 0.1 0.15 02 0.25 03 035 04 045

pl1]

Figure 5.27: (A) PCA scores (B) loading plots of *H NMR spectral of A. solani
extracts from malt medium incubated at 15 and 30 days and MA medium. R?= 1.0
and Q? = 1.0 after 3 components.
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5.2.5. Multivariate analysis of LC-HRMS data

LC-HRMS analysis was accomplished for the extracts obtained from four media
including oat, rice, Wickersham and potato-dextrose media. LC-HRMS analysis was
not performed on extract obtained from malt because the MS device stopped working
before the pandemic. The PCA model was generated from the LC-MS data, which
included the extracts of A. solani obtained from four different media after 15 and 30
days of incubation. Extracts obtained from 7 days of incubation were excluded for all
media due to poor metabolites production. PCA scores plots grouped the extracts into
four clusters as shown in Figure 5.28A. The extracts were categorised to determine the
discriminating metabolites for each of the respective extract clusters on the loadings
plot on Figure 5.28B. Extracts of A. solani obtained from oat media at the 30" day
were in the right side of the scores plot. Extracts afforded by oat media which were
incubated for 30 days, implied to have a relatively different chemical profiles from the
other extracts. The loadings plot provided targeted metabolites with a MWt range
between 150 and 500 Da (encircled green). Furthermore, the outlying extracts were
discriminated by MZmine IDs P_3862, and P_663 with ion peaks at m/z 182.081, and
329.005 Da, respectively. Only P_3862 was putatively identified as 4-hydroxy-2-
methoxyacetanilide (Figure 5.29), which had cytochrome P450 (CYP) 3A4 inhibitory
activity with 1Csg values of 0.41 pg/mL (El-Beih et al., 2007). While the other did not

give any hits and remains unidentified.

Meanwhile, extracts from Wickersham media incubated at 15 days were in the lower
left quadrant of the plot, which exhibited wider range of metabolites with MWt
between 250 and 1000 Da on the corresponding loadings plot (encircled orange).
Fungal extracts obtained from rice media incubated for 30 days were positioned in the
upper side in the plot. The rest of the A. solani extracts from other media were
dispersed in the upper and lower left quadrant. Metabolites with high molecular mass
were observed in these extracts (encircled red). At four components, the R? and Q?
values were at 0.67 and 0.37, respectively, which indicated excellent fitness but poor

predictability of the model.
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Figure 5.28: (A) PCA scores (B) loading plots of LC-HRMS of A. solani extracts from
four media incubated at 15, 30 days. R?X= 0.67 and QX = 0.38. Encircled features
represent the discriminating ion peaks for the extracts obtained from different media.
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Figure 5.29: Discriminating metabolite from extracts of A. solani inoculated on oat
media and incubated for 30 days.

According to the OPLS-DA scores plot (Figure 5.30A), extracts obtained from the oat
media at 15" and 30" day of incubation were overlapping on lower right quadrant of
the scores plot. Whereas extracts obtained from rice and Wickersham for 15 and 30
days were positioned in the upper and lower left quadrant of the plot, respectively. On
the other hand, potato dextrose extracts at 15 and 30 days were found in the left side
of the plot. The R? and Q? values were at 0.80 and 0.52, respectively, which indicated
a good fit and predictability of the model. The variation between groups R?X, [1] was
18.0% and within group R?X[1] was 4.7%. This indicated good separation between
the extracts obtain from different media while the low separation score within groups
indicated a significant similarity in chemical profiles between the 15- and 30-days
extracts obtained from the respective media.

Loadings plot (Figure 5.30B) was generated from the OPLS-DA scores plot. four
discriminating metabolites with ion peaks at m/z 267.0724, 182.0813 and 173.0782

Da were found in A. solani extracts from oat media at 15" and 30" days (Table 5.6).
These metabolites were dereplicated from the DNP database. From the dereplication
data, these metabolites with MZmine ID of N_171, and P_3862 were identified as
deaminated neuraminic acid and 3-methylether-N-acetyl-4-amino-1,3-benzenediol,
respectively, while P_1467 was not identified with no molecular formula prediction.
These two known compounds were confirmed *H NMR spectra of oat extracts, which
includes producing aromatic and glycosylated secondary metabolites at 30" days.
Whereas, the discriminating features for Wickersham media extracts were P_6007,
and P_2242 with m/z value of 244.2271 and 214.0896 Da and were identified as
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tetradeca-4-sphingenine and N-butyl benzenesulfonamide. Other discriminating
feature from A. solani extracts from four different media were listed in Table 5.6.
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Figure 5.30: A) OPLS-DA scores and B) loading plots of LC-HRMS of A. solani
extract obtain from different media. The encircled box indicated the discriminating
feature for each media extracts. R?=0.80 and Q? = 0.52. The difference between group
R2X,[1] is equal to 18.0% and the difference within groups R2X[2] is 4.7%.
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Table 5.6: Dereplication of discriminating metabolites of A. solani for different media. Structures of compound hits are shown in Figure 5.31.

Primary
ID

N_320
N_318

N_171
P 1467
N_230
P 3862
P 663

P 657
P 2239
P 2242

P_6007
P 752

P 17
P 1271
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p-value

0.0021
0.0062

0.0348

0.0532
0.0540
0.0678

0.0670

0.0071
0.0027
0.0060

0.0044

0.0144
0.0215
0.0041

m/z

429.1252
377.0859

267.0724

173.0783
387.1149
182.0813

329.0049

327.0080
286.9581
214.0896

244.2271

493.4059
272.2220
686.4390

Rt

8.84
9.18

5.76

3.70
5.77
1.95

2.30

2.25
2.23
2.24

20.46

26.09
40.52
34.76

mw

430.1325
378.0932

268.0797

172.0710
388.1221
181.0740

328.9976

326.0007
285.9508
213.0824

243.2198

492.3986
271.2147
685.4317

Compound hits'

oat media

3'-0-a-D-glucopyranosylinosine (1)

altersolanol N (2)
3-acetylaltersolanol M (3)
flavimycin A (4)
3-deoxy-5,6-dihydroxy
secosterigmatocystin (5)
sporormiellin C (6)
deaminated neuraminic acid
(Structure is not defined)
no hits
no hits
3-methylether-N-acetyl-4-
amino-1,3-benzenediol (7)

no hits
Wickersham media
no hits
no hits
N-butyl benzenesulfonamide (8)

tetradeca-4-sphingenine (9)
benzoylcholestan-3a-ol (10)

clavaminol L (11)
no hits

Molecular
formula* (DBE)

C16H22N4010 (4)
C1gH15809 (10)

CoH1609 (2)

no prediction
Ci13H24013 (2)
CoH11NOs (4)

no prediction
no prediction
C10H1sNO3S (3)

CaeHosNOy (1)
C34Hs202 (9)

CisH2oNO3 (1)
C3HssNOg (15)

source

crustacean Ligia exotica
Stemphylium globuliferum
A flavipes
Phomopsis spp
Sporormiella minima

Klebsiella ozaenae

Isol. from a fungal endophyte of
spruce needles and from a soil
fungus.

Actinoallomurus sp. K216
Pseudomonas sp.
germination-accelerating factor
for fungus
various marine species
Clavelina phlegraea
no reports



N_268

P1

N_295
P 697
N_315
P 2240
N_191
P 754
P_1339
N_307
P_3408

P 3391
P 2081

0.0509

0.0637

0.0746
0.000002
0.0996
0.0059
0.0385
0.0435

0.0571
0.0344
0.0389

0.0733
0.0799

766.5414

264.2321

714.5098
427.3975
711.2211
470.4205
471.1359
270.2425

298.2375
1035.3271
224.1281

471.4239
784.5842

38.02

13.84

37.99
37.83
3.87
37.84
3.95
26.41

33.17
5.44
3.21

29.61
37.96

767.5487 phosphatidylethanolamine (12)
263.2249 victoxinine (13)
7155171 no hits
rice media
426.3902 no hits
712.2284 no hits
469.4132 no hits
472.143  o-D-glucopyranuronosyl-(1—2)-B-D-
xylopyranosyl-(1—4)-D-xylose* (14)
potato dextrose extracts
269.2352  2-amino-4,8-hexadecadiene-1,3-diol
(15)
297.2302  (S)-N-tridecanoylhomoserine lactone
(16)
1036.3344 no hits
223.1208 alternamic acid
(+)-cerulenin (17)
470.4166 no hits
783.5770 linoleoyloleoylphosphatdiylcholine
(18)
stearoyllinolenoylphosphatidylcholine
(19)

CusH7sNOgP (4)
C17HNO (8)

CasHeoNOs (13)
C20HasN10 (3)
C28H55l-\|04 (2)
C17H26015 (4)
C16Hz1NO2 (1)
C17H31NO3 (2)

C3sHasN15019 (22)
C12H17NO3 (4)

CasHg2NOgP

membranes of eukaryotic and
prokaryotic cells
Trichoderma cf. strigosum
Helminthosporium victoriae,
Helminthosporium carbonum,
Helminthosporium sativum

no reports
no reports
Picea glauca

fatty acid component in
Penicillium chrysogenum
Methylobacterium mesophilicum

Alternaria mali
Cephalosporium caerulens
Helicoceras oryzae
structural component of
intracellular membranes and the
plasma membrane

*For multiple hits, chosen compound hits were filtered for microbial or fungal species (particularly for the genus Aspergillus) except otherwise. *Follows
the heuristic rules. **All other hits were from plant species.
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Figure 5.31: Structures of the discriminating bioactive metabolites from A. solani
extract obtained from potato dextrose media have been listed in Table 5.6.
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5.3. Summary

5.3.1. A. ustus optimisation

Several compounds have been isolated from A. ustus and their biological activity have
been studied (Liu et al., 2009, Lu et al., 2009, Ebel, 2010, Dai et al., 2010). The
chemical compounds recorded to be isolated from A. ustus exhibited cytotoxic activity
against L5178Y, HelLa, and PC12 cells cell line (Liu et al., 2009).

After isolation of A. ustus from the screening chapter, further work was performed on
A. ustus to choose the ideal medium that produces higher yields of metabolites and
greater biological activity. A. ustus is a slow-growing fungus. No growth was observed
up to the 15th day of incubation, and it required at least 21 days to reach its logarithmic
phase. The average yield afforded by the solid media is higher than growing the fungus
on a liquid media.However, only potato-dextrose media was strongly active against
breast cancer (ZR-75) cell line, where cell viability was almost zero at 30 days of
incubation, even those extract not providing the highest yield. Therefore, the
recommended media for a scale up would be potato-dextrose media for a 30-day

incubation period.

The NMR spectral data of the extract obtained from the potato-dextrose extract broth
afforded distinct peaks not found in the blank. Multivariate analysis of the NMR
spectral data of A. ustus extracts did not designate any outlier but did show a clear
trend on the change of metabolic profile between incubation periods when the fungus
is inoculated on a liquid media. The OPLS-DA loadings plot of the mass spectral data
of the extracts indicated 21 discriminating ion peaks eleven of these compounds did

not give any hit from the DNP database.

The putatively identified compounds were a derivative of phospholipid, which include
ion peaks with MZmine IDs N_17361, N_10906, N_1719 and N_7030 was found at
m/z 554.5147, 742.5387, 784.5858 and 652.588 were dereplicated from the DNP
database as N-2-hydroxyhexadecanoylsphinganine; phospholipid derivatives:
stearoyllinoleoylphosphatidyl-ethanolamine and -choline; and pakistamide. While
other ion peaks at m/z 369.2793, 169.0861 and 253.1800 were putatively identified as
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terpenoid derivatives including stellatic acid, 3-(4-hydroxyphenyl)-1,2-propanediol
and 2,11-dihydroxy-7-drimen-6-one; 2a-form, respectively. The next step will be to
do large scale fermentation of A. ustus at 30 days of incubation in potato-dextrose

medium in order to produce higher yields of the targeted bioactive metabolites.

5.3.2. A. solani optimisation

Isolation and purification work of any of the metabolites were not pursued for A. solani
due to loss of bioactivity during media optimisation. However, multivariate analysis
of the production of metabolites were done to attempt to explain the changes occurring
in the fungal strains during the media optimisation. Differences in metabolic
production profile were also defined. The chemical profiles of A. solani obtained from
MAmedia in the screening and from five different media in the media optimisation
were compared. The chemical profiles of the fungal extracts derived from different
media were different. However, any other variation would affect the chemical profile

of the afforded extracts.
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6. A. ustus scale up and isolation of anticancer compounds.

A. ustus was chosen for further scaleup work because its extracts provided the most

potent activity against the tested cancer cell lines.

6.1. Literature background on the endophytic fungi A. ustus

A. ustus is a widespread filamentous fungus that may be found in food, soil, and indoor
environments (Mousavi et al., 2016). A. ustus is a member of the phylum Ascomycota.
Numerous Aspergillus species are found in or on a wide variety of plants endophyte
and marine invertebrates (Seyedmousavi et al., 2015, Mousavi et al., 2016). Plant-
derived A. ustus have been proven to be very good sources of bioactive natural
products, but marine-derived A. ustus do produce chemically diverse new natural
products with interesting biologically active secondary metabolites (Debbab et al.,
2010). A comparison between plant- and marine-derived A. ustus was tabulated based
on their host organisms, isolated secondary metabolites, bioactivity, and cytotoxicity,

as depicted in Table 6.1.
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Table 6.1: Reported sources, biological activity, and isolated compounds for A. ustus.

Type of Host

Host Organism
(references)

Isolated Compounds

Bioactivity

Cytotoxicty

plant-derived

pods pea seeds
(Cutler et al., 2002)

pergillin

ophiobolin G

ophiobolin H

(Lu et al., 2009)
both inhibited growth of Bacillus subtilis
cultures

inhibition of endothelin-type B receptors
s(B16 cell lines and antifungal activity against
Candida albicans)

nontoxic

marine-derived

rhizosphere soil of
mangrove plants
(Lu et al., 2009)

marine sponge
Suberites domuncula
(Liu et al., 2009)

marine green alga
Codium fragile
(Liu et al., 2013)

meroterpenoid -
mycotoxins, drimane
sesquiterpene esters
(ustusolates A to E)
ophiobolins
derivatives

drimane
sesquiterpenes
derivatives

terretonin,
ophiobolin, and
drimane terpenes
derivatives

cytotoxicity of the new compounds against
A549 and HL-60 human tumour cells were
determined by the SRB20 and MTT

murine lymphoma cell line L5178Y, Hela,
and PC12 cells

moderate cytotoxicity

cytotoxic
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Bioactive compounds were isolated from the marine algae Codium fragile and an
associated fungus A. ustus (Liu et al., 2013). In the literature, A. ustus has been shown
to be a prolific generator of terpenes, which include meroterpenes, sesterterpenes, and
sesquiterpenes (Ebel, 2010, Liu et al., 2013). Terpenes produced from marine sources
exhibit a higher degree of molecular and structural diversity with unique carbon
skeletons such as terretonin, ophiobolin, and drimane of secondary metabolites
described from A. ustus (Ebel, 2010, Liu et al., 2013). It was stated in the literature
that eight novel compounds were discovered as shown in Figure 6.1 (Liu et al., 2013),
including one meroterpene; 1,2-dihydroterretonin F (2), and five new sesterterpenes;
60-21-deoxyophiobolin G , 6a-16,17-dihydro-21-deoxyophiobolin G (4), ophiobolin
V (6), ophiobolin W (7) and ophiobolin U (5). Furthermore, two new sesquiterpenes
of 6-strobilactone-B esters of (E,E)-6,7-epoxy-2,4-octadienoic acids (13&13°). These
secondary metabolites were assayed for antibacterial and brine shrimp toxicity, as well
as antifungal, only compound 5 exhibited an activity against E. coli and S. aureus and
compounds 2, 5, and 13 demonstrated cytotoxic activity on Artemia salina at 100
pug/mL. whereas none of these compounds showed antifungal activities against
Colletotrichum lagenarium and Fusarium oxysporum. However, other secondary
metabolites were already known compounds and have been earlier described, which
includes terretonin F (1), 6a-21,21-O-dihydroophiobolin G (8), (5a,6a)-ophiobolin H
(9), ophiobolin H (10), ophiobolin F (11), 38,9a,11-trihydroxy-6-oxodrim-7-ene (12),
ustusolate D (14), and (29E,49E,69E)-6-(19-carboxyocta-29,49,69-triene)-11,12-
epoxy-9,11-dihydroxydrim-7-ene (15) (Figure 6.1).
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Figure 6.1: Secondary metabolites previously isolated from A. ustus obtained from
the marine algae Codium fragile (Liu et al., 2013).

Drimane sesquiterpenoids are well-known as bioactive metabolites, which were
obtained from A. ustus isolated from the marine sponge Suberites domuncula (Liu et
al., 2009). They have gained widespread attention for their biological activities, which
include antibacterial, antifungal, antifeedant, plant growth regulator, cytotoxic,
phytotoxic, and molluscicidal effects (Ogawa et al., 2004). As described in the
literature (Liu et al., 2009), deoxyuvidin B (20), strobilactone B (21), and RES-1149-
2 (25) were identified as known compounds. On the other hand, seven new drimane
sesquiterpenoids were discovered, including hydroxylated derivatives; 3p,9a,11-

trihydroxy- 6- oxodrim-7-ene (17), 20,9a,11-trinydroxy-6-oxodrim-7-ene (18), 2a,11-

266 |Page



dihydroxy-6-oxodrim-7-ene (19), ester derivatives of drimane sesquiterpenes that
includes mono-6-strobilactone-B ester of (E,E)-2,4-hexa-dienedioic acid (22), 6-
strobilactone-B ester of (E,E)-6-0x0-2,4-hexadienoic acid (23), 6-strobilactone-B ester
of (E,E)-6,7-dihydroxy-2,4-octadienoic acid (24) (Figure 6.2). All these drimane
sesquiterpenes derivatives were tested against L5178Y, HeLa and PC12 cells to
determine cytotoxicity by MTT assay. Compounds 22, 23, and 25 exhibited cytotoxic
activity against L5178Y, HelLa, and PC12 cells, with 22 being the most active with an
ECso value of 0.6 pg/mL against L5178Y cell line (Liu et al., 2009).

17: R1=H, R2=0
18: R1=0OH, R
19: R1=0OH, R
20: R1=H, R2=0

2=
2=

)
)

AAA0AD
Wwww

)

(@]
23)° (24) (25) O

Figure 6.2: Secondary metabolites isolated from A. ustus obtained from the sponge
Suberites domuncula (Liu et al., 2009).

6.2.  Fractionation of the extract and multivariate analysis

The potato-dextrose extract from the A. ustus was fractionated by FC through a Biichi
Sepacore® system. Each fraction was collected in a 100ml Erlenmeyer flask and TLC
analysis was performed on all fractions. Fractions with similar TLC profiles were
pooled together, then was dried using a rotary evaporator and placed in tared vials
(Figure 6.3).

The overall percentage yield of the collected dried fractions was 94.3% percent of the
weight of the loaded extract (Table 6.2). The dried fractions were spotted on a normal

phase Si-60 TLC plate along with the crude extract for monitoring purposes using a
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solvent system of 97:3% DCM:MeOH and sprayed with anisaldehyde-sulphuric acid
reagent.

Figure 6.3: Collected fractions by FC showing change in colours between fractions
indicating the occurrence of various metabolites in the respective fractions.

Figure 6.4: Summary TLC plate for the pooled fractions using a solvent system
97:03 % of DCM:MeOH after spraying with anisaldehyde-sulphuric acid reagent
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Table 6.2: Weights of extracts after pooling similar fractions.

Fraction Weight of fraction Fraction Weight of fraction

no. (mg) no. (mg)
1 125.1 20 213.6
2 57.4 21 162.8
3 371.6 22 138.5
4 750.6 23 104.9
5 587.5 24 72.7
6 484.3 25 63.0
7 414.9 26 555
8 254.0 27 49.0
9 394.4 28 48.5
10 436.8 29 44.4
11 708.3 30 41.4
12 343.0 31 63.9
13 372.3 32 97.2
14 134.6 33 94.8
15 82.0 34 1018.0
16 32.7 35 37.3
17 64.3 36 25.4
18 820.3 37 87.6
19 579.0  Total 9432.1
amount
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6.3.  Biological assay results of fractions

Each of the fractions was assayed against breast cancer cell line ZR-75 (Figure 6.5).
Fractions F10 to F32 were found active. ICso values were calculated for each of the
active fraction to determine the most potent fractions against ZR-75 (Figure 6.6).
Fractions F10 to F16 were the most potent with ICso values of less than 5.5pug/mL. On
the other hand, F17 to F23 exhibited lower potency with ICso values at only less than
15 pg/mL.

Buchi fractions of Aspergillus ustus againt ZR-75 cells

100
80
60

40

threshold
2

0 =____=_=_____===iiii]ii

F1 F3 F5 F7 F9 F11 F13 F15 F17 F19 F21 F23 F25 F27 F29 F31 F33 F35 F37

% viability of ZR-75 cells

-20
A. ustus fractions

Figure 6.5: Biological activity for Buchi fractions of A. ustus at 30 pg/mL against
breast cancer cell line ZR-75. The red line indicates the bioactivity threshold, which
must be below 20% of cell viability.
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Figure 6.6: ICs for the bioactive fractions from A. ustus.

6.4. NMR spectroscopy of A. ustus fractions

Proton NMR measurements were performed on the pooled fractions to get an overview
of the chemical profile and types of functional groups occurring in the metabolites
predicted for each fraction. The *H NMR for the bioactive fraction with 1Cso values
less than 5.5 pug/mL were stacked as shown in Figure 6.7. Meanwhile the bioactive
fraction with ICso values less than 15 pug/mL but greater than 5.5 pg/mL were also
stacked as shown in Figure 6.8. The *H NMR spectra revealed an olefinic system
between 7.25 to 5.90 ppm that could be related to esterified di- or sesquiterpenes
strobilactones and drimanes that could be present in the fractions with ICso values less
than 5.5 pg/mL (enclosed in a blue box) as shown in Figure 6.7. in addition to the

presence of high intensity peaks at the aliphatic region.
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Figure 6.7: Stacked *H NMR spectra of the bioactive MPLC fractions with 1Csp <
5.5 ug/mL. The highlighted blue box suggested the present of di or sesquiterpenes
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Figure 6.8: Stacked *H NMR spectra of the bioactive MPLC fractions with 1Cso
between 5.5-15 pg/mL.
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The PCA scores scatter plot differentiates the bioactive fraction against breast cancer
cell line apart from the inactive fractions (Figure 6.9A). The bioactive fractions 12 to
23 grouped together at the lower left quadrant, suggesting that they have a similar
chemical profile. Meanwhile, the loadings plot of NMR data showed that these
bioactive fractions 12 to 23 have metabolites that contains olefinic at 4.00 to 6.00 ppm
and aliphatic groups from 1.00 to 2.00 ppm (Figure 6.9B). In the generated model at
pareto scaling, the R? was 0.91 and Q? was —0.04 at twelve components, which
indicated a good fit model but poor predictability. Although, the active fractions tend
to cluster together, the inactive fractions were quite dispersed throughout the plot

generating a low predictability score.
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Figure 6.9: (A) PCA scores and (B) loadings plots of the NMR spectral data of the
fractions. The R? and Q? values were 0.91and -0.04, respectively.
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An OPLS-DA was also performed to indicate the discriminating signals for the active
fractions. The active fractions were positioned on the right quadrants of the OPLS-DA
scores plot (Figure 6.10 A), where fractions 10 and 11 were separated on the upper
right quadrant, fractions 18 and 22 were found in the lower right quadrant and the rest
of the fractions were clustered in the middle. The inactive fractions were arranged at
the left quadrants of the OPLS-DA scatter plot. The loadings plot showed the
occurrence of wider range of resonance between 1.00 and 8.00 ppm for the active
fractions, which indicated a high possibility of unique chemical profile. While the
inactive fractions exhibited a higher ratio of olefinic and glycosylated peaks that
resonated mainly between 3.00 and 5.00 ppm. R? and Q? values were 0.93 and 0.80,
respectively, which indicated good fitness and predictability that is better than the PCA
model. On the other hand, R?X,[1] generated a variation score of 10.3% between
groups while within groups, the variation score is only 1.5%, which indicated low
diversity of the samples within the respective groupings. This is an excellent separation
between the active and inactive clusters where the variation score between groups is
greater than within groups. These differences between the two groups were also
demonstrated by the loadings plot. A permutation test was performed to further
validate the model (Figure 6.11). In the generated model, the R? was 0.93 and Q? was
0.80, while the R?Y intercept was 0.98 and the QY intercept was -2.01. These values
indicated both good fit and prediction as the R? value was close to 1 and the Q? value
was greater than 0.5, respectively. The difference between R? and Q? values was 0.18,
suggesting that there was no evidence of overfitting. The validity of the model was

further confirmed by the negative value of Q?, being -2.01.
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Figure 6.10: OPLS-DA scores (A) and loadings (B) plots of the NMR spectral data of
the MPLC fractions grouped according to their bioactivity against breast cancer cell
line ZR-75. R? and Q? values were 0.93 and 0.80, respectively. The difference between
group R2X,[1] is equal to 10.3% and the difference within groups R?X[2] is 1.5%.
Encircled features on the loadings plot indicate the discriminating chemical shifts for
the biologically active fractions.
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Figure 6.11: Permutation test (100 permutations) for A. ustus fractions for the
OPLS-DA model of their activity against breast cancer cell line ZR-75.

Analysis on MetaboAnalyst® was also performed. The heatmap confirmed that
bioactive fractions F10 to F18 were having metabolites with chemical shifts ranging
from 1.07 to 1.70 ppm, which suggested the presence of aliphatic compounds.
However, a high intensity of metabolites with chemical shifts ranging between 5.90
and 7.25 were also observed for these bioactive fractions, which also indicated the
occurrence of olefinic compounds (Figure 6.12). Results of the heatmap analysis was
compatible to those found from the OPLS-DA loadings plot. Additionally, the heatmap
showed that the active fractions exhibited higher intensity of a more diverse number
of chemical shifts. VIP (Variable Importance in Projection) summarising the important
of variables both to explain X and to correlated to Y. Important variables have VIP
scores greater than 1. Variables with VIP scores less than 1 are less important and may
be excluded from the model (Akarachantachote et al., 2014). OPLS-DA indicated the
top VIP, which confirmed the above results as shown in Figure 6.13. Discriminating
chemical shifts indicated the presence of aromatic systems resonating between 6.00 to
8.00 ppm with aliphatic signals between 1.00 and 2.00 ppm, as highlighted in the
orange box (Figure 6.13).
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Figure 6.12: Heatmap analysis of the NMR spectral data of the A. ustus fractions
generated by MetaboAnalyst®. The boxed fractions are those biologically active
against the breast cancer cell line ZR-75 along with the discriminating chemical shifts
unique to the anticancer fractions.
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Figure 6.13: VIP scores of A. ustus fractions from MetaboAnalyst®. The highlighted
yellow boxes show the discriminating chemical shift of the metabolites found in the
bioactive fractions against the breast cancer cell line ZR-75.
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6.5. LC-HRMS analysis of A. ustus fractions

Like the results of the multivariate analysis of the NMR spectral data, the active
fractions were observed closer to each other on the presented scores plot (Figure
6.14A) except for the outlying fraction F16 but mostly positioned on the left quadrants.
The loadings plot (Figure 6.14B) indicated a higher density of discriminating
metabolites with MWs between 280 and 370 Da for the inactive fractions. On the other
hand, the outlying active fraction F16 was discriminated by metabolites with ion peaks
at m/z 369.290 for P_647, 253.185 for P_439, 215.147 for P_443, and 297.160 for
N_158/N_199, these metabolites were listed in Table 6.3. P_443 was dereplicated as
the Asteraceae metabolite senarguine B while anmindenol A was from the marine-
derived Streptomyces. N_158/N_199 was the only discriminating metabolite (2,5-
bis(4-hydroxybenzyl) piperazine and fumigaclavine A putatively identified as an
Aspergillus metabolite. P_439 did not give any reasonable molecular formula

prediction following the heuristic filter. While P_647 afforded sponge metabolite hits.

The model gave a goodness of fit R? at 0.71 but a very poor predictability Q? of 0.35
after five components. The OPLS-DA of the active versus the inactive fractions gave
fitness and predictability scores of 0.89 and 0.72, respectively. R? and Q? values
improved when compared to PCA model. This indicated good fit and prediction of the
generated OPLSA-DA model. However, in the OPLS-DA model, F16 was not an
outlier on the shown scores plot on Figure 6.15A. The variation score between groups
was significantly higher at 9.87% while within groups, it was only 0.92%. The
considerable difference of the variation scores indicated a good separation between the
active and inactive fractions with decreased disparity between the samples within the
respective groups. The discriminating features for the active fractions were more
diverse with ion peaks ranging between 280 and 720 Da as illustrated on the loadings,
S- and VIP plots on Figures 6.15B, 6.15C and 5.16, respectively. The discriminating
features for the inactive fractions were generally at lower MWts observed only
between 280 and 370 Da.

However, none of these discriminating features listed on Table 6.3 were presented by

major TIC peaks shown on Figure 6.17. This simply indicated that none of major

280|Page



components were responsible for the anticancer activity. Multivariate analysis
indicated that the minor components were responsible for the biological activity
against the breast cancer cell line ZR-75. Targeting this low-yielding metabolites by
chromatographic separation and purification work could be a challenge. Multivariate
analysis can define targets at ug level concentrations, which may pose inaccessible for
any chromatographic isolation work (Mazlan et al., 2020a, Mazlan et al., 2020b). The
heatmap generated from MetaboAnalyst® on Figure 6.18 also displayed a more
diverse mass ion peak range for the active fractions in comparison with the inactive
samples. Structures of the discriminating of target bioactive metabolites against breast
cancer (ZR-75) predicted by OPLS-DA loadings S-plots are listed in Table 6.4 were
presented in Figure 6.17.
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Figure 6.14: PCA scores (A) and loadings (B) plots of the LC-HRMS data of A. ustus
fractions. Encircled features represent the discriminating ion peaks for the outlier F16.
The R2 and Q? values were 0.71 and 0.35, respectively.
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Figure 6.15: (A) OPLS-DA scores, (B) loadings, and (C) S-plots of the LC-HRMS
data of A. ustus fractions.
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Table 6.3: Dereplication of target bioactive metabolites against breast cancer (ZR-75) as predicted by OPLS-DA loadings S-plots.
Structures of compounds are shown in Figure 6.17. For multiple compound hits, hits were filtered according to a fungal genus prioritising
the genus Aspergillus.

Primary p- m/z Rt MW Source(from DNP and
ID value (Da) (min) (Da) Compound hits Name biological source)
N_346 | 0.0255 | 463.2109 | 12.04 | 464.2182 | asparaginyl-D- C24H28NsO4 | Aplysia kurodai
tryptophylphenylalaninamide (1) Euhadra congenita
Lymnaea stagnalis
N 352 | 0.0115 | 465.2297 | 10.39 | 466.2369 | sartoryglabrin C (2) C29H30N4O2 | Neosartorya glabra
N_942 |0.0034 | 389.1719 | 11.23 | 390.1792 | nitrosporin (3) C20H26N20¢ | Streptomyces
nitrosporeus
P_440 0.0213 | 409.2854 | 20.71 | 408.2781 | echinine (4) C26H3sN202 | A.glaucus
N_98 0.0089 | 419.1862 | 13.39 | 420.1935 | 2'-O-methylprenylterphenyllin (5) C26H2805 Aspergillus sp. YXf3
prenylterphenyllin C (6) A taichungensis
N_315 |[0.0273 | 481.2256 | 9.22 | 482.2328 | 19-keto-13(24),17-cheilanthadiene-25S - | C2sH3307S | Coscinoderma sp.
triol-24E-sulfate (7)
P_140 0.0002 | 391.2736 | 21.08 | 390.2663 | chilocorine A (8) C26H34N20 | Chilocorus cacti
chilocorine B (9)
P 174 0.0074 | 367.2736 | 21.74 | 366.2663 | granulatamide B (10) C24H34N20O | Eunicella granulata
P 196 0.0018 | 367.2736 | 20.63 | 366.2663 | granulatamide B (10) C24H34N20 | Eunicella granulata
N_345 |0.0133 | 297.1780 | 9.95 | 298.1851 | no hits C15H26N204 | -
(DBE =4)
P_443 0.0279 | 215.1470 | 17.98 | 214.140 | senarguine B (11) Senecio argunensis
anmindenol A (12) CisH180 marine-derived
Streptomyces
N_158 | 0.0287 | 297.161 | 15.61 | 298.1683 | 2,5-bis(4-hydroxybenzyl) piperazine (13) | C1sH22N202 | A.flavus
fumigaclavine A (14) A.fumigatus
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Primary p- m/z Rt MW Source(from DNP and
ID value (Da) (min) (Da) Compound hits Name biological source)
P_439 0.0294 | 253.1850 | 9.99 | 252.1781 | no reasonable prediction based on
heuristic filter
N_199 |0.0378 | 297.1609 | 15.77 | 298.1682 | 2,5-bis(4-hydroxybenzyl) piperazine (13) | C1sH22N202 | A.flavus
fumigaclavine A (14) A.fumigatus
N_200 |0.0367 | 325.1931 | 19.81 | 326.2004 | ajmaline (15) C20H26N20> | Rauwolfia serpentina
all hits coming from plant families Rauwolfia spp
Apocynaceae Melodinus balansae
Tonduzia longifolia
P_647 0.1110 | 369.2900 | 20.30 | 368.2830 | halichonadine J (16) Ca4H3sN20O | sponge Halichondria
N-(2-phenylethyl)-N'-2-trachyopsanylurea Axinyssa aplysinoides
(17)
N-phenylethyl-2-formamido-6-axene (18)
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Figure 6.17: Structures of the discriminating bioactive metabolites against breast cancer (ZR-75) as predicted by OPLS-DA loadings S-
plots as listed in Table 6.3
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Figure 6.18: Heatmap analysis of the mass spectral data of the A. ustus fractions
generated by MetaboAnalyst®. The boxed fractions are those biologically active
against the breast cancer cell line ZR-75 along with the discriminating ion peaks

unique to the anticancer fractions.
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6.6. HRMS analysis of A. ustus subfractions

HRMS data by direct infusion of the A. ustus subfractions of the biologically active
fraction F11 were subjected to multivariate analysis to validate the targeted anticancer
metabolites that were found elusive on the TIC of the crude flash chromatographic
fractions. F11 was initially chosen for further chromatographic isolation work due to
its high yield. Considering the low polarity of fraction F11, it was possible that highly
non-polar or lipophilic compounds were not being eluted through the column to the
mass spectrometer. To resolve this limitation, direct infusion method was used over
LC for mass spectral analysis. PCA scores plots grouped the subfractions into four
groups as shown in Figure 6.19A.The subfractions were categorised to determine the
discriminating metabolites for each of the respective subfraction clusters on the
loadings plot on Figure 6.19B. F11-17 was in the upper left quadrant of the scores
plot. The loadings plot provided targeted metabolites with a MWt range between 300
and 500 Da (encircled blue). Meanwhile, F11-29-6 and F11-23 were distributed in the
right side of the plot, which exhibited overlapping features on the corresponding
loadings plot (encircled red). F11-11 and F11-12 were positioned in the lower left
quadrant. Metabolites with high molecular mass were observed in both subfractions
(encircled green). On the other hand, F12-11-2 and F12-6-5 overlappingly clustered
indicating a strong similarity in their mass spectral data profile (encircled orange). At
six components, the R? and Q? values were at 1.0 and 0.999, respectively, which

indicated excellent fitness and predictability of the model.
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Figure 6.19: (A) PCA scores and (B) loadings plot of the LC-HRMS data of A. ustus
purified subfractions. The discriminating features from each subfraction were
encircled in the figure, F11-29-6 and F11-23 encircled in red, F11-17 encircled in blue,
F12-11-2 and F12-6-5 encircled in orange and F11-11 and F11-12 encircled in green.

According to the OPLS-DA scores plot (Figure 6.20A), the active subfractions were
positioned in the right side of the plot, while the inactive compounds were in the left
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side. The R? and Q? values were at 1.0 and 0.978, respectively, which indicated good
fit and predictability of the model. The variation between groups R?X, [1] was 22.5%
and within group R?X[2] was 16.8%. This indicated good separation between the

active and inactive clusters.

Loadings plot (Figure 6.20B) was generated from the OPLS-DA scores plot, in which,
the possible types of discriminating bioactive metabolites can help identify the target
anticancer compounds. Two discriminating metabolites with ion peaks at m/z 471.20
and 419.17 were found to be abundant in F11-29-6 and F12-11-2. These metabolites
were dereplicated from the DNP database. From the dereplication data, F11-29-6 was
identified as terretonin F (Oleinikova et al., 2016) with an MZmine ID of P_903, MW
of 470.19 Da, and a molecular formula of C26H300s. While F12-11-2 (N_1001) was
recognised as 11,12-epoxy-7-drimene-6,9,11-triol; (6p,90a,11aOH)-11-ketone with a
MW of 420.21 Da and molecular formula of C23H3207. These two known compounds
were earlier isolated from A. ustus obtained from the marine sponge Suberites
domuncula and described to exhibit anticancer activity (Oleinikova et al., 2016, Liu et
al., 2009). Terretonin F was isolated for the first time from the marine fungus A.
insuetus, which was obtained from Petrosia ficiformis sponge. Terretonin F was found
to have activity as an inhibitor of the mammalian mitochondrial respiratory chain
(Lopez-Gresa et al., 2009).

Other discriminating features for anticancer activity were P_1346 and P_1635 with
MWs of 386.207 and 374.171 Da as well as molecular formulas of C23H300s and
C21H260s, respectively. These sub-fractions were putatively identified as Antibiotic
RES 1149-2 and ustusolate E. and both exhibited anticancer activity against breast
cancer cells (ZR-75). Antibiotic RES 1149-2 was earlier isolated from A. ustus var.
pseudodeflectus of a Xenova culture 3811 soil sample (Hayes et al., 1996). Both
compounds antibiotic RES 1149-2 and ustusolate E were cultivated from the fungus A.
ustus, which on the other hand was obtained from the Mediterranean sponge Suberites
domuncula (Liu et al., 2009).

The inactive subfractions, F11-11 and F11-17 were observed on the left quadrants of

the scores plot. These subfractions reduced the cell viability by only about 20%. The
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discriminating feature was defined on the loadings plot as glycerol 1,2-di-(9Z,12Z-
octadecadienoate) with an MZmine ID of P_2370, a MW of 616.505 Da and molecular
formula of CsgHesOs, which was later isolated and confirmed by NMR data F11-11
was from an unknown source. F11-17 was elucidated as ophiobolin K, which was
earlier described and isolated from various Aspergillus spp. It was detected with
MZmine ID of P_2564, a MW of 384.2663 Da and molecular formula of C25H3603.

The S-plot was also generated from OPLS-DA model (Figure 6.20C). The right side
of the plot showed the metabolites from the active subfractions, whereas the inactive
compounds were in the left side. As a result, the targeted bioactive metabolites were
dereplicated and listed in Table 6.4.
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Table 6.4: Dereplication of target bioactive metabolites against breast cancer (ZR-75) as predicted by OPLS-DA loadings S-plots of the

LCMS data by direct infusion. The highlighted rows correspond to isolated compounds from A. ustus.

No. | Primary m/z MW compound molecular Source (from DNP and
ID (Da) (Da) formula biological source)
prediction
1 P 2137 | 424.2542 | 423.2469 | valylamiclenomycylglutamine C20H33N505 Venezuelae-xanthophaeus
2 P 2370 | 617.5122 | 616.5049 glycerol 1,2-dialkanoates; C39HesOs unknown
glycerol 1,2-di-(92,12Z-
octadecadienoate)
3 N_33 419.1722 | 420.1795 ochraceopone C C22H2808 A.ochraceopetaliformis
4 N_968 485.2832 | 486.2904 9Z-octadecenoyl-3- Cs0H43ClO3 Mycena galopus
(chloromethylene)-2,3-dihydro-1-
benzoxepin-7-MeOH
5 N_39 469.1873 | 470.1945 parasiticolide A C26H3008 A.variecolor, A.parasiticus
Eurotium chevalieri
6 P 903 471.2009 | 470.1936 terretonin F C26H300s8 A.insuetus
7 P 2301 | 409.1988 | 408.1916 xenorhabdin 13 C21H32N20,S; Pseudoalteromonas sp. SANK
73390
8 N_36 247.1340 | 248.1413 aspergentisyl B C15H2003 A.glaucus HB1-19
9 P 1030 | 170.1541 | 169.1468 haloxynine C10H1sNO Haloxylon salicornicum
10 | P_1595 | 170.1540 * octahydro-2H-quinolizine-1- C10H1sNO Anabasis aphylla,
MeOH,; (—)-form Lupinus luteus,
Lupinus palmeri
Lupinus spp.)
11 N_42 363.1460 | 364.1532 fudecadione B C19H2407 Aspergillus sp. fA75
Penicillium sp. BCC 17468
12 P 2564 | 385.2736 | 384.2663 ophiobolin K C25H3603 A. ustus
A.insuetus IBT 28443
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No. | Primary m/z MW compound molecular Source (from DNP and
ID (Da) (Da) formula biological source)
prediction
13 | P_1346 | 387.2148 | 386.2075 Antibiotic RES 1149-2 C23H3005 A. ustus var. pseudodeflectus
X3811 Aspergillus sp. RES-
1149
14 P_795 387.2149 | 386.2076 Antibiotic RES 1149-1 C23H300s Aspergillus sp. RES-1149
15 N_707 385.2034 | 386.2107 12-O-acetylaspergillol A.versicolor
16 asperugin B A.rugulosus
17 P 1635 | 375.1786 | 374.1713 ustusolate E C21H2606 A. ustus
18 9-O-acetyldiorcinol B Aspergillus sp. No. 16-20-8-1
marine-derived
A.tennesseensis OUCMB |
140430
19 | N_1001 | 419.2083 | 420.2156 | 11,12-epoxy-7-drimene-6,9,11- Ca23H3207 A. ustus
triol; (68,9a,110OH)-form, 11-
ketone (lactone), 6-O-(6R*,7R*-
dihydroxy-2E,4E-octadienoyl)
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Figure 6.21: Structures of the discriminating of target bioactive metabolites against breast cancer (ZR-75) as predicted by OPLS-DA
loadings S-plots as listed in Table 6.4. compounds in the black box correspond to isolated compounds from A. ustus.
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6.6.  Pure compounds isolation

Fractions F11 (708 mg) and F12 (343 mg) were separately dissolved in 2ml of EtOAc
and added dropwise to 2g of celite with thorough mixing. The loaded sample was left
to dry under the fume hood for 48h prior to loading on a pre-packed 12g silica column
for a Grace Reveleris FC system. The solvent system was optimised for fractionation.
Fraction 11 was a complex combination of several compounds, as seen in Figure 6.22.
Due to the presence of non-chromophoric compounds, fraction 11 (708 mg) was
fractionated using a Reveleris FC equipped with an evaporative light scattering
detector (ELSD). Gradient elution was used with n-Hexane and EtOAc as a solvent
system, starting with 100% n-Hexane and finishing up with 100% EtOAc in 2h at a
flow rate of 40 mL/min obtaining 30 pooled subfractions from fraction F11 (Table 6.5
and Figure 6.22). Fractions were prioritised for further isolation work (Figure 6.23)
depending on the non-complexity but novelty of their chemical profile, fraction yield,

and potency of their anticancer activity.

Base peak chromatogram, miz: 70.0122 - 1000.0002
Selected scan #6539, RT. 35.86, base peak: 124.0881 miz, IC: 1.2E8
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Figure 6.22: Total lon Chromatogram (TIC) of fraction 11.
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Figure 6.23: Schematic diagram for isolating the pure compounds from A. ustus extract.
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Table 6.5: Weight of subfractions 1 to 12 of fraction 11 obtained by Reveleris FC using 0%
to 20% of EtOAc in combination of n-Hexane.

Subfractions no. Weight (mg)
F11-1 2.2
F11-2 6.7
F11-3 0.9
F11-4 0.8
F11-5 0.5
F11-6 2.1
F11-7 0.5
F11-8 10.8
F11-9 5.4
F11-10 7.1
F11-11 9.2
F11-12 7.5

The subfractions were examined by *H NMR (Figure 6.24). Subfractions with low yields were

not subjected to *H NMR measurements.
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Figure 6.24: Stacked *H NMR spectra of subfractions from the fraction 11. The highlighted
subfractions were subjected for further analysis.
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6.6.1. Linoleic acid derivatives
SF11 and SF12 were the purest as shown in Figure 6.25 and were further subjected to
structural elucidation using several 2D-NMR analysis such as HSQC, COSY, and HMBC.

Figure 6.25: Summary TLC plates for the fractionation of F11 using solvent system 75:25%
of n-Hexane and EtOAc. TLC for subfractions 11 and 12 were shown in the black box.
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6.5.1.1.  Compound F11-12 structure elucidation.

3'-hydroxy-2'-(palmitoyloxy) propyl (9Z,127)-octadeca-9,12-dienoate

Chemical Formula: Cs7HsgOs
Exact Mass: 592.5067

Figure 6.26A: Chemical structure of compound F11-12

Calculated Target Double Bond Absolute Error Error .
Formula . Fitness
Mass Mass Equivalence Error (ppm) | (mDa) | (ppm)
Cs7HssOsNa| 615.49644 |615.49676 3.5 0.51 0.31 0.51 0.137
C:\Users\ruang...s\pk_DA_F12.raw Injection 1 FTMS + p ESI F...0000-2000.0000] MS + spectrum 0.24..0.30 - 0.20 - 0.
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2
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Figure 6.26B: Mass spectral data of F11-12 for the ion peak at m/z 615.496 [M+Na] *.
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Compound 11-12 was purified from fraction 11 as a yellow amorphous solid with a yield of
7.5 mg, the compound was eluted from the non-polar eluate at higher percentage of n-Hexane
80% and 20% EtOAc. HR-ESIMS data gave a MWt of 592.5067 Da and molecular formula
of Cs7HegOs, which was inferred from the sodium ion peak at m/z 615.496 (Figure 6.27). The
number of hydrogens is almost twice the number of carbons fewer than six, which is typical
for a fatty acid formula. The molecular formula indicates that F11-12 has four DBE.

I

E54345.1.fid
17,16,15,7,6,5,4,4",5",6",7"/8",9",10",11",12",13"

Person dds96102
F12 (7mg)

17, 15, 1 1 7 3 i 3.
H3C/ SN Y xwz/ \m/\/ \6/5\4/\/\0 \‘2/ \OH
18
O\T‘/z"\av/a" Sl/e"\r/s”\g‘/10"\1“/12"\‘3./14‘ 15”/1(;‘}43

|
o

o
I

16"
18

1' (dd) 8,14 (dq)
4.26 2.00
3(12.10, 3.11) 3(10.91, 6.48),

2'(q) . 3 (1) 11 () " 3,3" (p) .
: 3(4.32), : 3(5.67) 1(6.52) : 3(7.20) :

14,8

11

.27 J
k.31 {

e
g

1.93 I
474 1
37.31{
6.33 =

'~}

T T T T T T T T T T T T T T T T T T T U T T T T T T T

58 56 54 52 50 48 46 44 42 40 38 36 34 32 3.0 28 26 24 22 20 18 16 14 12 10 08 O
f1 (ppm)

——
0
o
<

1.00 -]
0.98 {

.06 T

Figure 6.27: *H NMR spectrum of compound F11-12 in DMSO-ds measured at 500 MHz.

The 'H NMR spectrum of F11-12 (Figure 6.27) disclosed the presence of distinctive
unconjugated cis olefinic multiplet at 5.31 ppm, as well as four proton signals for a glycerol
moiety ranging from 3 to 5 ppm, two of them for geminal carbons. However, the integration
for the hydroxylated protons had a ratio of 2:2:1, implying the five protons of a glycerol
moiety. The occurrence of an alkyl triplet signal at 2.74 ppm (J= 6.5Hz) is typical for a
methylene unit located between two double bonds. Meanwhile, the other methylene multiplet

signal at 2.27 is attached to the carbonyl group. On the other hand, a high intensity broad
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signal was observed at 1.25ppm along with a terminal methyl proton at 0.85 ppm. The
integration was twice the predicted alkyl chain length and methyl units, revealing a likely

combination of fatty acids with two distinct branching units (Figure 6.28).

The COSY spectrum determined the correlation between the neighbouring protons and
defined the different spin systems in the main compound as shown in Figure 6.28. The glycerol
protons were connected to each other through coupling between H2' with H1'A, H1'B and H3'
forming a CH»-CH-CH>OH fragment and this resulted in a complete spin system highlighted
by an orange box. On the other hand, the olefinic unconjugated unit coupled with the
methylene moiety at 2.74 ppm (H12), as well as coupled to the alkyl unit at 2.05 ppm, which
further coupled to the long alkyl chain then correlated with the terminal methyl at 0.85 ppm,
resulting in a second spin system as indicated by blue lines on the COSY spectrum (Figure
6.28). The third spin system was highlighted with green lines, coupling the alkyl unit at 2.27
ppm towards the methylene unit at 1.51 ppm that was further connected to the long alkyl chain
at 1.25 ppm.

The proton signals were categorised into methines, methylenes, and methyl units using the
HSQC spectrum as shown in Figure 6.29. Two terminal methyl moieties were overlapping
with the broad alkyl chain, suggesting a triglyceride molecule with two or three distinct fatty

acids chain connected to the glycerol unit.

The HMBC correlations in Figure 6.30 were utilised to characterise the distinct structural units
associated to the glyceride moiety and to verify the connectivity of the substructures. The
quaternary carbons were only detected using HMBC because measuring a 3C NMR spectra
for F11-12 was not practical to achieve owing to its low yield. HMBC correlations between
carbonyl unitat 172.5 ppm (C1) towards the glycerol proton 4.07 ppm (H1') and the methylene
groups (H2, H3, H2", H3"), indicated a triglyceride structure containing two fatty acids.
Alternatively, the glyceryl methylene at C3' correlated between carbons within the glycerol
moiety, indicating that the system lacked a third fatty acid system. The *H and **C data were
fully assigned and presented in Table 6.6. The structure of F11-12 was fully elucidated as 3'-
hydroxy-2'-(palmitoyloxy) propyl (9Z,12Z)-octadeca-9,12-dienoate. This compound was
earlier isolated from the coralloid roots of Cycas revoluta (Cycadaceae) and was reported to

have pronounced hormogonium-inducing factor (HIF) activity (Hashidoko et al., 2019)
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Figure 6.28: (*H-H) COSY correlation NMR spectrum of compound F11-12 in DMSO-ds
measured at 500 MHz.
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Figure 6.29: HSQC NMR spectrum of compound F11-12 in DMSO-ds measured at 500.
Red correlations are CHs and CHss while blue are CH>s.
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Figure 6.30: HMBC NMR spectrum and observed *H to *3C correlations of compound F11-
12 in DMSO-de measured at 500 MHz.
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Table 6.6: NMR spectral data for compound F11-12 in DMSO-des measured at 500 MHz.

Atom no.

O O N Ok~ W NP

PR RR ek R R
o N o s wWN RO

T'A
1'B

3-OH

10"
11"
12"
13"
14"
15"
16"
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1725C
34.0 CH,
24.9 CH;
28.3 CH;
25 CH,
29.2 CH>
28.3 CH;
32.0 CH;
130.0CH
127.1 CH
25.7 CH>
127.1 CH
130.2CH
27.0 CH,
31.8 CH;
28.3 CH;
25.5 CH;
14.4 CH;

62.8 CH2B
62.8 CH.A

72.3CH
60.0 CH2
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34.0 CH2
24.9 CH>
28.4 CH>
24.8 CH>
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22.4 CH>
22.4 CH>
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22.4 CH>
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21.8 CH2
21.8 CH>
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14.4 CH3

H

4.07 dd
2.27Tm
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1.25 q
1.25 q
1.25 q
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531m
531m
2.02 dg
1.25 q
1.25 q
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JinHz

7.2

10.5

10.5

10.5

10.5
10.9,6.4,6.5

6.5

12.1,3.1

12.1,3.1
4.3
5.6

7.2
10.5
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Cle6, C17
CLC2,C3
CLC2,C3

C3'
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Cl!l

Legend: s=singlet, d = doublet, t = triplet, g = quartet, m =multiplet, quin=quintet



6.5.1.2.  Compound F11-11 structure elucidation.

. _OH
o 3
17 15 13 12 10 9 7 5 3 2 o "
r— — 1"
18 )
16 14 11 8 6 4 2 1"

3'-hydroxy-1',2'-diyl (92,9'2,12Z,12'Z)-bis(octadeca-9,12-dienoate)

Chemical Formula: C3gHegOs
Exact Mass: 616.5125

Formula Calculated | Target | Double Bond | Absolute | Error Error Fithess
Mass Mass Equivalence |Error (ppm)| (mDa) | (ppm)
Ca9He90s| 617.51450 |617.51251 5.5 3.22 -1.99 | -3.22 | 0.999

Figure 6.31: Chemical structure of compound F11-11
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Figure 6.32. Mass spectral data of F11-11 on the ion peak at m/z 617.513 [M+H] ™.
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Compound F11-11 was isolated as a yellow amorphous powder with a yield of 9 mg. HR-
ESIMS (Figure 6.32) data afforded an ion peak at m/z 617.513 [M+H]", suggesting a MWt of
616.5125 Da that is 24 mass units more than that of F11-12. The molecular formula afforded
by HRMS is CsgHesOs. When compared to F11-12, the DBE of six suggested either two
additional double-bonds or a combination of an extra fatty acid carbonyl unit attached to the
2'-OH and another double bond.

E54344.1.fid
Person dds96102
F11 (9mg)

17, 15, =
H3C/ S KM/

18

2' (dt)
4.96
3(7.84, 5.59)

9,9",10,10",12,12",13,13" (m
5.32

9
10,12,10",12"
13
9",13"

10—29.

I
=N

1' (dd)

3(11.98, 7.19)

]

1",1™ (dd)
4.28
J(11.95, 3.10)|

3 (1)
3.49
3(5.59)

3.96 -1

Il
4,5,6,7,4",5",6",7"/15,16,17,15",16",17"

N LN

9= 10"

8,8",14,14" (dq

3(17.84, 6.59)

11,11" (t)
2.74
1(6.49)

117,

125= 13ff

2,2" (q)
2.27
3(7.36)

-

N

3,3" (hept)

1.50
1(6.64)

147, 16",
157

1

N oSN /8.!_'3

il

18"

18,18" (m)
d.86

4,4"5,5",6,6",7,7"

25
.21)

5,15",16,16",117,17" (d)

70.77-T

)

12.981

k

- s
8 R
N -

T
0

T
4.8

T T T T
46 44 4.2 4.0

T T T T
3.8 3.6 3.4 3.2

f1 (ppm)

T T T T T
3.0 2.8 2.6 2.4 2.2

T T
2 1.0

-

T T
0.8 0.6

Figure 6.33: *H NMR spectrum of compound F11-11 in DMSO-ds measured at 500 MHz.

The *H NMR spectrum of F11-11 in Figure 6.33 was very similar to that of F11-12. Minor

changes were observed in the integration of the unconjugated olefinic system at 5.31 ppm,
which suggested 4 double bonds. The *H-'H COSY NMR spectrum of F11-11 in Figure 6.34
confirmed the presence of the three spin systems as in F11-12. The resonances between 3 and

5 ppm did correlate, which was characteristic of a glycerol unit, as noted in orange box in
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Figure 6.34. Proton coupling in the linoleic moiety like that in F11-12 was also observed and
indicated by the blue and green lines in the spectra.
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Figure 6.34: (*H-'H) COSY correlation of the NMR spectrum of compound F11-11 in
DMSO-ds measured at 500 MHz.

HMBC spectra (Figure 6.36) also revealed comparable correlations to those in F11-12. The
HMBC correlations established the structure of F11-11 and corroborated the glycerol moiety's

connection to the carboxy unit. CH2B-1' showing a cross peak with C2' methine at and C1 of
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the carboxyl group at 173.0 ppm. As well the glycerol proton at H2' correlate with the carboxyl

group at 173.0 ppm, which indicated the presence of two identical fatty acid connected to
glycerol moiety at H1' and H2'. F11-11 was therefore identified as 1,2'-diyl (92,9'2,127,12'Z)-

bis(octadeca-9,12-dienoate), also known as 1,2’ dilinolein (Liu et al., 2013).
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Figure 6.35: HSQC NMR spectrum of compound F11-11 in DMSO-ds measured at 500
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Table 6.7: NMR spectral data for compound F11-11 in DMSO-des measured at 500 MHz.

Atom no.
1

O O NO O W

B R RR R R
oMW N RO

17

10"
11"
12"
13"
14"
15"
16"
17"
18"

13 C Multiplicity

173.0
34.0 CH;
24.9 CH;
28.3 CH;

25 CH;
29.2 CH;
28.3 CH;
27.0 CH;
130.0 CH
128.2 CH
25.7 CH;
128.2 CH
130.0CH
27.0 CH;
31.8 CH;
28.3 CH;
25.5 CH;
14.4 CH3

62.8 CH2B
62.8 CHA

72.3CH
60.0 CH2

173.0
34.0 CH;
24.9 CH;
28.3 CH;

25 CH,
29.2 CH;
28.3 CH2
27.0 CH;
130.0 CH
128.2 CH
25.7 CH;
128.2 CH
130.0 CH
27.0 CH;
31.8 CH;
28.3 CH;
25.5 CH;
14.4 CHs

'H Multiplicity

2.26q
1.50 hept
125 d
125 d
1.25d
1.25d
2.00 dg
531m
531m
2,73t
531m
531m
2.00 dg
1.25 q
1.25 g
1.25 q
0.85 td
4.07 dd
4.27 dd
4.96 dt
3.49 t
349t

2.26 q
1.50 hept
1.25d
125 d
125 d
125 d
2.00 dq
531m
531m
2.73t
531m
531m
2.00 dq
1.25 q
1.25 q
1.25 g
0.85 td

JinHz

7.4
6.6
9.2
9.2
9.2
9.2
17.8,6.6

6.5

17.8,6.6

12.0,7.2

12.0,7.2

7.8,5.6
5.6

7.4
6.6
9.2
9.2
9.2
9.2
17.8,6.6

6.5

17.8,6.6

HMBC

C1,C3,C4,C5
C1

C7, C9, C10
C8
C9, C10, C12, C13
C14

C13,C12,C15

C16, C17
CLC2,C3
C1,C2,C3

C3'

Cll/’ C3N’ C4N’ CN
Cl!l

cr, C9”, C10”

C8H

c9”, C10”, C12", C13”

C14”

C13”, C12", C15"

Cle", C17"

Legend: s=singlet, d = doublet, t = triplet, g = quartet, m =multiplet, hept=heptet.
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6.6.2. Ophiobolins

While continuing the fractionation and purification work with F11 by Reveleris® FC,
subfractions 13 to 18 (Table 6.8) were afforded by increasing the percentage of EtOAc to
40%. *H NMR was accomplished for subtractions 13 to 18 (Figure 6.37). Subfraction 17 was

subjected to further 2D NMR analysis because it was the purest compound.

Table 6.8: Weights of subfractions 13 to 18 from the bioactive fraction F11.

Subfractions no. Weight (mg)
F11-13 3.4
F11-14 15
F11-15 1.6
F11-16 5.8
F11-17 3
F11-18 2.7
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Figure 6.37: Stacked *H NMR for subfractions 13 to 18. Fractions concentration was at
5mg/600ul in DMSO-ds measured at 500MHz. The highlighted subfraction was subjected to
further structural elucidation work.
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Figure 6.38:TLC for subfractions 13 to 18 obtained from Reveleris FC using solvent system
70:30% of n-Hexane and EtOAC.
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Compound F11-17 structure elucidation.

Chemical Formula: C25H3603
Exact Mass: 384.2666

ophiobolin K

Figure 6.39: Chemical structure of compound F11-17

Calculated | Target | Double Bond | Absolute | Error Error .
Formula . Fithess
Mass Mass Equivalence |Error (ppm)| (mDa) | (ppm)
CasH3603N 407.2563
3 407.25621 5 7.5 0.36 0.15 0.36 0.998
C:\Users\ruang...k_DA_F19_17.raw Injection 1 FTMS + p ESI F...0000-2000.0000] MS + spectrum 0.26
407.2564
2.5x104 [M+Na]
2.0x104
1.5x10%
z
1.0x10%
408.2596
5.0x101
413.2665
405.2407 409.2716
403.2254 406.2444 411-‘2148 ‘ 414"2702 419.2788
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T
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Compound F11-17 was isolated from fraction 11 as a yellow amorphous solid with a yield of
3 mg. The compound was purified with FC at 40% EtOAc and 60% n-Hexane. High resolution
mass spectral analysis gave a MWt of 384.2666 for an ion peak at m/z 407.256 [M+Na]*
(Figure 6.40), which was determined to have a molecular formula of C2sH3s03. The molecular
formula indicated that the molecule has 8 DBE, which was attributed due to the presence of

tricyclic system with three olefinic bonds and two carbonyl groups.
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Figure 6.41: *H NMR spectrum of compound F11-17 in DMSO-ds measured at 500 MHz.

The *H NMR spectra shown in Figure 6.41 exhibited an aldehyde proton singlet at 51 9.15 s,
four olefinic protons at (0n 7.03, t, J=8.51, HS), (61 6.04, d, J=11.4, 1.8, H17, H18), (6H 5.24,
t, J=9.3, H16), four singlet methyl including two vinylic methyl (dn 1.70, H24) and (on 1.78,
H25), one methyl group connected to an oxygen bearing carbon at (6 1.21, H20), and an
angular methyl (1 0.93, H22), and a methyl doublet (6 0.86, H23).

Detailed interpretation of both 1D and 2D NMR, in association with the DBE number of the
compound disclosed an ophiobolin-based sesterterpenoid skeleton (Mandal et al., 2009, Singh
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et al., 1991). Based on the HSQC spectrum (Figure 6.42) and HMBC correlations, (Figure
6.43), there were 25 carbons that comprised of five alkyl methines, five methylene carbons,
five methyl carbons, aldehyde carbon (8¢ 192.9), four olefinic methine carbons, and five non-
protonated carbons, which included two olefinic (6¢c 140.7, 134.6), an oxygenated quaternary

(6c 76.0), a carbonyl ketone (6c 217.0) and a quaternary aliphatic carbon (dc 43.5).

The COSY spectrum (Figure 6.44) exhibited cross-peaks of H1 with H2, H2 with H6 and H8
with H9, as well as HMBC correlations from H21 (61 9.15) to C6 (8¢ 48.9) and C7 (6¢ 140.7)
and C8 (d¢ 158.7) that established an eight-membered ring B with a fragment of C7=C8-C9-
C10. The observed COSY correlations from H16 (8H 5.58) with H15 (6H 5.36), H17 (6H
5.36) and H18 (0H 4.15), as well as the HMBC correlations from H24 (6H 1.24), and H25
(0H 1.21) to C17/C18/C10 and from H23 to C16, confirmed the terminal side chain connected
to ring C at C14.

The 'H-'H COSY spectrum disclosed the spin system in F11-17, one of the isolated spin
systems was assigned following the indicated blue lines in Figure 6.44, which revealed the
coupling between H16 with H15, H17 and H18 on the terminal side chain, while H8 coupled
with H9, and H10 in the eight member-ring. The second spin system was assigned to the
geminal proton at C4, and coupling between H2 with H4, which was depicted with orange

lines in Figure 6.44.

Further evidence for a tricyclic ophiobolin skeleton was confirmed by HMBC correlations
between H4P methyl and H20 to both C2 and C3 as well as HIp to C6 and Cl1, Cl1 also
correlated with H22 and H14. Similar correlation between H6 and C5 carbonyl, and H22 to
Cl. These H-13C correlations were an ophiobolin skeleton system (Singh et al., 1991).

The relative configuration of the compound was revealed by a ROESY experiment (Figure
6.45) as well as by comparing the NMR to literature data (Singh et al., 1991). The ROESY
correlations of H22 (6n 0.93) with H2 (61 2.27), H6 (6n 3.23), and H9B (6w 2.05), as well as
of H9B (6w 2.05) with H20 (61 1.21) indicated these groups are cofacial, and these groups
were assigned as -oriented. So, correlation between H6 with H2 supported the enhancement
of cis-fused A/B ring system (Singh et al., 1991). In addition, the through space correlation of
H9a (61 2.71) with H8 (dn 7.03), H10 (~0n 2.10) and HI15(~dn 2.72), suggested an a-

orientation, while on the other way around, the ROESY data revealed a synonymous link
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between H8 and the CHO group. A Z-configuration was confirmed between H16 and H17 due
to the coupling constant of 9.3 Hz, which was further substantiated by the ROESY correlation
between H15 with H18.

A full assignment of the spectral data of F11-17 as presented in Table 6.9 and in comparison
with those of the literature data (Table 6.10) resulted in the elucidation of the ophiobolin K
structure (Singh et al., 1991). Ophiobolin K exhibited nematocidal activity (EDso 10 ug/mL)
against the free-living nematode Caenorhabditis elegans (Singh et al., 1991). More recently,
ophiobolin K was isolated from the endophytic fungus A. calidoustus, an endophytic fungus
from the medicinal plant Acanthospermum australe (Asteraceae) and was reported for its
antifungal activity against fungal plant pathogens, protozoal activity against Trypanosoma
cruzi, and cytotoxic activity against human tumour cell lines (Rodrigues de Carvalho et al.,
2016).
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Figure 6.42: HSQC NMR spectrum of compound F11-17 in DMSO-ds measured at 500
MHz. Red cross peaks are CHs and CHzss while blue are CHs.
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Table 6.9: NMR spectral data for compound F11-17 in DMSO-d6 measured at 500 MHz..

Atom no.
la

1p
2
3

4a

4p

120
128
13
14
15
16
17
18
19
20
21
22

23
24

25

26

13C*
35.3 CH>

49.9 CH
76.0C
54.4 CH>»

217.0CO
48.9 CH
140.7C

158.7 CH
25.0 CH:

46.9 CH
435C
26.2 CH:

42.9 CH;
53.8 CH
35.2CH
137.8 CH
122.4 CH
122.3CH
1346 C
26.2 CHs
1949 CH
18.7 CHs

20.4 CHs
18.3 CHs

26.6 CHs

OH

H
1.15m
1.59m

2.27 ddd
2.53d
2.37s
3.23d
7.031
2.72m
2.05m
2.10d
1.70 m
1.56 m
1.35m
1.57d
2.72d
5.24 t
6.04 d
6.02 d
1.21s
9.15s
0.93s

0.86d
1.70s

1.78 s

HMBC
Jin Hz 1H to 18C
12.6, 9.5, 3.2
1.8 C2, C3, C5, C6,
c20
9.7 C5
8.5
2.74
Cil1
8.1 Cil1
9.4
9.3
1.8
11.5
C2,C3,C4
Ce,C7,C8
C1, C11, C13,
Cl4
6.6 C10, C15, C16
C17, C18, C19,
C25
C17, C18, C19,
C24

Roesy

H20, H22

H4B-H20

H2

H9a, H21

H9a, H15

H9a H10, H17
H4a, H10, H15
H4a, HI15, H16

H4p
H8
HOB, H2, H6

H15, H16
H17

H17

Legend s=singlet, d = doublet, t = triplet, q = quartet, m =multiplet, hept=heptet.
*Data taken from HSQC, HMBC and Roesy experiments.
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Table 6.10: NMR data of F11-17 compared to that of ophiobolin K from the literature
(Singh et al., 1991).

Atom

no.

la

1p
2
3

10
11
12a
12
13

14
15
16
17
18
19
20
21
22
23
24
25
26

ophiobolin K in CDCl3 (300 MHz)

13C
35.0 CH2

50.2 CH
769 C
54.9 CH:

217.7 CO
48.5 CH
141.3C
164.0 CH
25.4 CH:

47.1 CH
43.8C
26.5 CH:

42.5 CH2

53.3CH
35.8 CH
137.1 CH
122.4 CH
119.9CH
136 C
25.6 CH3
196.2 CH
18.7 CHs
20.4 CH3
18.1 CH3
26.5 CHs
OH

'H
1.20m
1.75m

2.39 brdt

2.78 d
2.48 d

3.25 brd
711t
2.10m
2.94 dd

2.06 m
1.60
1.25m
1.40m
1.40m
1.56m
2.70m
517t
6.02 dt
5.96 dd
1.34s
9.19s
0.95s
0.90d
1.72 brs
1.8 brs

JinHz

12.9,3.1

19.2
19.2

10.5

8.6

12.6, 8.3

9.6
10.5,0.9
10.5,1.0

6.7

13c*
35.3 CH2

49.9 CH
76.0 C
54.4 CH;

217.0 CO
48.9 CH
140.7 C
158.7 CH
25.0 CH:

46.9 CH
435C
26.2 CH:

42.9 CH2

53.8 CH
35.2CH
137.8 CH
122.4 CH
120.0 CH
1346 C
26.2 CH3
1929 CH
18.7 CHs
20.4 CHs3
18.3 CHs
26.6 CHs
OH

H
1.15m
1.59m

2.27 ddd

2.53d
2.37s

3.23d
7.03t
2.05m
2.72d

2.10d
1.70 m
1.56 m
1.35m

1.57d
2.72d
524t
6.04 d
6.04 d
1.21s
9.15s
0.93s
0.86d
1.70 s
1.78 s

F11-17 in DMSO-ds (500 MHz)

JinHz

12.6,9.5,3.2

20.0

9.7

8.5

8.2

2.74

8.1

9.4

9.3
114,18
114,18

6.6

Legend: br = broad, s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet.

*Data taken from HSQC, HMBC and ROESY experiments.
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6.6.3. Drimane sesquiterpene derivatives

Drimane sesquiterpene derivatives were obtained from A. ustus fractions by further
fractionation of F11 (Table 6.11) using the eluting solvents of 50% to 100% of EtOAc in
combination with n-Hexane. Fraction 11 produced two derivatives SF11-23 and SF11-29-8.
Meanwhile fraction 12 also produced three derivatives, two of them were like SF11-29-8
(SF6-5 and SF7-1) and one other derivative SF12-11-2.

Table 6.11: Weight of subfractions 19 to 32 from fraction 11 obtained by Reveleris FC
using 50% to 100% of EtOAc in combination with n-Hexane. TLC chromatograms are
shown in Figure 6.46.

Subfractions no. Weight (mg)
F11-19 23.6
F11-20 36.9
F11-21 14.5
F11-22 10.6
F11-23 17.8
F11-24 9.6
F11-25 8.7
F11-26 4.5
F11-27 6.9
F11-28 10.4
F11-29 56.3
F11-30 12.4
F11-31 10.3
F11-32 10.2
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Figure 6.46: TLC for subfractions 20 to 32 from fraction 19 using solvent system 70:30%
n-Hexane and EtOAc. Boxed in blue was SF 23, which was directly selected for 2D NMR
structure elucidation work and SF 29 that was subjected to further preparative TLC
purification steps.
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6.5.3.1.

Compound F11-23 structure elucidation.

9a-hydroxy-6a. -[(2E,4E,6E)-octa-2,4,6-trienoyloxy]-5 a-drim-7-en-11,12-olide

Chemical Formula: C23H300s5
Exact Mass: 386.2081

Antibiotic RES 1149-2

Figure 6.47 :Chemical structure of compound F11-23

Absolut
Calculated Target |Double Bond Solute Error
Formula ) Error Error (ppm)
Mass Mass Equivalence (mDa)
(Ppm)
C23H3005 Na | 409.19909 |409.19791 8.5 2.90 -1.19 -2.90

1.5x10%
1.4x10%
1.3x10%
1.2x10%
1.1x10%
1.0x10%
9.0x10
8.0x 10

7.0x10"

Intensity

6.0x10
5.0x10™|
4.0x10
3.0x10
2.0x10-
1.0x10

0.0+

-1.0x10-

409.1979

405.2395 407.2553

406.2434

I ‘ L

408.2586

[M+Na]

410.2012

411.2035  413.2653

i
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Figure 6.48. Mass spectral data of F11-23 for the ion peak at m/z 409.198 [M+Na] *.
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Compound F11-23 was isolated from subfraction 19 as a white amorphous solid with a yield
of 17 mg. The compound was eluted along with the semi-polar fractions at 50% EtOAc and
50% n-Hexane. Mass spectrometric data suggested a DBE of 9, proposing three rings, along
with four double bonds from the olefinic system and two carbonyl groups. HREIMS suggested
a MW of 386.21 Da and molecular formula of C23H300s at an ion peak m/z 409.198 [M+Na]".
The structure was confirmed as 9a-hydroxy-6p-[(2E,4E,6E)-octa-2,4,6-trienoyloxy]-5 o-
drim-7-en-11,12-olide by inspection of both *H and 2D NMR data as well as in comparison
to the literature data (Table 6.12).
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Figure 6.49: *H NMR spectrum of compound F11-23 in DMSO-ds measured at 500 MHz.

The *H NMR spectrum (Figure 6.49) disclosed the presence of four methyl groups at 54 0.93s
(H13), 1.09d (H14), 1.08d (H15), and 1.81dd (H8") 1.3 Hz, H3-12), an oxymethylene unit at
oH 4.88 dt and 4.81 d (H12) with J = 12.6,2.4 Hz and 12.7 respectively. One exchangeable
proton at ox 6.28s (9-OH). The presence of three methylene groups at éx 1.99m and
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1.87d(H1), 1.61m and 1.50m (H2), 1.35m and 1.22d (H3). However, the occurrence of a
conjugated trans olefinic system was shown by *H NMR, which revealed six trans-coupled
olefinic protons at o4 5.90d, 7.23d, 6.36d, 6.72, 6.22ddd, and 6.04dd connected to a methyl

terminal unit at o at 1.81ppm.
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Figure 6.50: *C JIMOD NMR spectrum of compound F11-23 in DMSO-ds measured at 500
MHz

The 3C JMOD spectrum (Figure 6.50) showed 23 signals assigned for two ester carbonyl
groups at (6c 174.8 C, and 165.2 54 C), six olefinic protons, 3 quaternary carbons and 12
aliphatic. The *3C and 'H NMR spectra exhibited 23 carbon and 30 proton signals,

respectively.

13C-JMOD along with HSQC spectra (Figure 6.51) revealed the presence of four methyl
resonances, four methylene resonances, nine CH and six quaternary carbons. All the other
proton resonances correlated to respective carbon signals except for the singlet at 6.28 ppm,

suggesting that this was due to an exchangeable hydroxyl proton.
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Considering the chemical shift data indicated that the CH at 68.7 ppm, the CH at 66.1 ppm
and quaternary carbons at 73.7, 165.2 and 174.8 ppm were oxygenated. The presence of six
double bonds was deduced from the presence of eight olefinic carbons (120.3, 128.0, 131.8,
136.2, 136.2, 142.4, 146.1) and two carbonyl carbons.
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Figure 6.51: HSQC NMR spectrum of compound F11-23 in DMSO-ds measured at 500
MHz. Red cross peaks are CH and CHz while blue are CH; groups.
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Figure 6.52: (*H-H) COSY correlation NMR spectrum of compound F11-23 in DMSO-ds
measured at 500 MHz.

Using a COSY spectrum (Figure 6.52) determined the various spin system for the major
compound for Fraction 11-23 as shown in Figure 6.52. The COSY spectrum revealed that H3'
coupled with H2’ and H4', H5' coupled with H4', and H6’, meanwhile the olefinic unit at H7’
(6.04 ppm) coupled to H8’ (1.81 ppm, dd, J = 6.9, 1.4Hz), which was typical for a methyl unit
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attached to a double bond system. This makes up a complete spin system as indicated by the
blue lines on the spectrum (Figure 6.52).

The *H-'H COSY experiment revealed that these protons connected to form a CH-CH=CH-
CH=CH-CH-CHz3 moiety corresponding to the correlations between C2’ through C8'. The
structure was further confirmed by HMBC correlations (Figure 6.53), such as from H6 to C1’
that placed the double bond closer to the ester linkage with a J value of 15.2 Hz between the
coupling protons H2' and H3'. The coupling constant indicated that the olefinic system
followed an E configuration, which further confirmed a 2E,4E,6E-octatrienoyloxy group,
located at position 6 of the drimane skeleton through the correlations between H3' to C1', C2’,
C4', C5', H4' to C3', C6’ and H8' to C6’, C7'.

While other spin system showed correlation between C6 at 5.59 and C7 at 5.81 ppm, as
presented by the orange lines in Figure 6.52. On the other hand, the alkyl units in the drimane
sesquiterpene nucleus (Figure 6.54) showed a correlation highlighted by the green box drawn
on the structure in Figure 6.52. The connection of C11 and 9-OH was established by the
HMBC correlations from C5 to C2, C3, C4, C6, C9, C10 and C14, while the location of the —

OCHz3 unit at C6 was deduced via a correlation between the methoxy proton singlet and C6.
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Figure 6.54: Drimane sesquiterpene nucleus structure

335|Page

10

~20

L4a0

50

60

~=70

~80

90

100

110

120

130

140

=150

160

~170

180

190

f1 (ppm)



The lactone linkage was formed due to the correlations between the methylene protons at 4.88
and 4.81 ppm, the carbonyl at 174.8 ppm, quaternary carbons at 73.7 and 137.0 ppm. The
coupling from H5 at 2.03 ppm and the **C resonance at 73.7 and 37.8ppm were also useful in
establishing the drimane carbon skeleton. A singlet proton peak at 6.28 correlated with C8,
C9, C10, C11 and H12 also correlated to C7, C8, C9, C11, which led to confirm the
sesquiterpene nucleus in Figure 6.54. The drim-7-en-11,12-olide and octatrienoyl fragments
were linked by a further coupling between the ester carbonyl at 165.2 and the proton at 5.59
ppm. The carbon skeleton of the compound, particularly for the contiguous quaternary centres
around C10.

The relative configuration of F11-23 was identified by a ROESY experiment (Figure 6.55).
The 2D ROESY experiments of F11-29-8 exhibited the same correlations between H-1a/H-
2a with H15, between H5 with H-3a, H13, H6, and between 9-OH with HS5, H12a indicating
that they both share the same relative configuration. ROESY interactions between the A/B
rings were used to infer the A/B ring trans-junction between H5/H6 to H13 and H15 to H14.
Thus, the structure for F11-23 was elucidated as 9a-hydroxy-6a-[(2E,4E,6E)-octa-2,4,6-
trienoyloxy]-5 a-drim-7-en-11,12-olide. Full *H and 1*C assignments, which were compatible
to those reported in the literature were presented in Tables 6.12 and 6.13 (Hayes et al., 1996).
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Table 6.12: NMR data of F11-23 compared to the literature data (Hayes et al., 1996).

Atom

no.
la

1p

128

8!

literature in DMSO-ds

13C
(100MHz)
29.4 CH>

17.3 CH:
44.3 CH:

33.2C
44.1 CH
65.7 CH
121.3 CH
136.5C

73.0C

37.2C
1742 C
68.1 CH>

32.0 CH3
24.1 CH3
18. CHs
165.2 C
119.5 CH
145.4 CH

127.3 CH
141.7 CH

131.1 CH
135.5 CH

18.2 CH3

1H
(500MHz)
1.97 dd
1.84d

1.60 m
1.47 m
1.34d
1.20m
2.02d
557 m
577t
6.20 brs (9-
OH)

4.88 dt
4.75d
0.90s
1.06s
1.05s
5.90d
7.23 dd

6.63 dd
6.68 dd

6.17m
6.00dq

1.78 d

JinHz
13.7,

4.2
13.7

12.7

6.9
6.9

F11-23 in DMSO-ds

13C 1H
(500MHz) (500MHz)
30.0 CH2 1.99 dd
1.87d
17.9 CH> 1.61m
1.50m
44,9 CH2 1.35m
1.22m
33.2C
44,7 CH 2.03d
66.1 CH 5.59 dd
121.8 CH 5.81 dt
137.0C
73.7C 6.28 brs
(9-OH)
37.8C
1748 C
68.7 CH> 4.88 dt
4.81d
32.6 CH3 0.93s
24.7 CH3 1.09d
18.7 CH3 1.08d
165.7C
120.3 CH 590d
146.1 CH 7.23 dd
128.0 CH 6.36 dd
142.4 CH 6.72 dd
131.8CH 6.22 ddd
136.2 CH 6.04 dd
18.8 CH3 1.81dd

JinHz

13.8,4.3
14.8

5.5
5.5

15.2
15.24,11.3

15.0,11.2

14.8, 10.6

15.0,10.7, 1.8
14.9,7.0

6.9, 1.4

Legend: br s= broad singlet, s = singlet, d = doublet, t = triplet, g = quartet, m =multiplet
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Table 6.13: NMR spectral data for compound F11-23 in DMSO-ds measured at 500 MHz.

F11-23
Atom no. HC H JinHz HMBC (*H to 3C) Roesy
la 30.0 CH; 1.87d 1.99dd 14.8 C2,C9, C10 HI1p - H2pB
1B 13.8,4.3 Hlo - H2a
HI1p - H3p
Hla -H15
20, 17.9 CH; 1.61m — C4 H2a-H15
28 1.50m H2a-H5
3a 44.9 CH; 1.22d 3.8 C1,C4
3p 1.35d
4 33.8C
5 44,7 CH 2.03d 4.9 C2,C3,C4,C6, C9, C10,C14 H3a,H6,HI13
6 66.1 CH 5.59 dd 53,28 H5, H13
7 121.8 CH 5.81 dt 3.6,1.6 H3a, H12, H15
8 137.0C --- ---
9 73.7C 6.28 brs --- C8, C9, C10, C11
10 37.8C --- ---
11 1748 C --- ---
120 68.7 CH, 4.88 dt 12.6, 24 C7,C8, C9, C11
12 4381d 12.7
13 32.6 CHs 0.93s --- C4,C5,C14
14 24.7 CHs 1.09d 5.5 C1, C4, C5, C9, C10
15 18.7 CH3 1.08d 55
1 165.7C --- ---
2 120.3CH 5.90d 15.2 C1, Cca4
3 146.1 CH 7.23 dd 15.24,11.3 Cl’, C2', C4', C5' H15
4 128.0CH 6.36 dd 15.0,11.2 C6’
5 142.4 CH 6.72 dd 14.8, 10.6 C3', C6' H3
6 131.8CH 6.22 ddd 15.0,10.7,1.8
7 136.2 CH 6.04 dd 14.9,7.0 C5’ H8’
g 18.8 CH;3 1.81 dd 6.9,1.4 ce', C7’
9-OH --- 6.28 --- C8, C9, C10, C11 HS5, H12a, H15

Legend: br s= broad singlet, s = singlet, d = doublet, t = triplet, q = quartet, m =multiplet.
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6.5.3.2.

Compound F11-29-8 structure elucidation.

9a-hydroxy-6a -(6-oxohex-2E,4E-dienoyloxy)-5a-drim-7-en-11,12-olide

Chemical Formula: C21H2606
Exact Mass: 374.1724

ustusolate E

Figure 6.56: Chemical structure of compound F11-29-8
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Mass

Double Bond
Equivalence

Absolute
Error (ppm)

Error (mDa)

Error (ppm)

C21H26 Os Na

397.16271
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-0.58

-1.45
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Figure 6.57. Mass spectral data of F11-29-8 at the ion peak m/z 397.162 [M+Na] *.
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Compound F11-29-8 was isolated from fraction 11 as an off-white amorphous powder using
FC and further purification was performed by preparative-TLC affording a yield of 4.5 mg.
The compound was eluted along with the polar fractions at 80% EtOAc and 20% n-Hexane.
HRESIMS (Figure 6.57) gave an exact mass of m/z 374.17 Da for [M + Na] ¥, suggesting a

molecular formula of C21H260s.
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Figure 6.58: *H NMR spectrum of compound F11-29-8 in DMSO-ds measured at 500 MHz.

'H and *C NMR spectra suggested that the structure of F11-29-8 was closely related to F11-
23, except for the absence of one olefinic methine proton and the presence of an aldehyde
doublet signal at 6+ 9.64. The occurrence of four conjugated trans-olefinic system was shown
in the *H NMR spectrum (Figure 6.58) at v 6.56m, 7.47m, 7.48m and 6.63m coupled with

the aldehyde terminal, instead of the six conjugated olefinic proton pairs detected previously
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in F11-23. Furthermore, this corroborated the apparent downshift signal for H2’, H3', H4',
and H5’ due to the aldehyde functionality's deshielding effect. Minor changes in the *H NMR
chemical shift were seen in the drimane sesquiterpene core, with the methyl unit at position
13 being moved more downfield at 0.95 ppm and an exchangeable proton was relocated at
6.30 ppm (9-OH).

The H-'H COSY experiment (Figure 6.59) establisned the fragment
CH=CH—-CH=CH-CHO. These findings pointed to a 6-oxohex-2E,4E-dienoyl as an aldehyde
acyl moiety and this was confirmed by the COSY correlations of H2' to H3’ and H4' to H6'
(aldehyde group) through H-5" as well as the HMBC correlations (Figure 6.60) from H5'/H4’
to C6’, H3' to C1 and H4' to C2'. HSQC spectra (Figure 6.61) suggested four conjugated
olefinic resonances, four methylene resonances, one oxygenated methine, and three methyl

resonances.

The 2D ROESY experiments on F11-29-8 (Figure 6.62) exhibited the same relative
configurations by comparison of the NMR data for F11-23. F11-29-8 was elucidated as 9a-
hydroxy-6a-(6-oxohex-2E,4E-dienoyloxy)-5a-drim-7-en-11,12-olide or ustusolate E. *H and
13C spectral datasets are presented on Table 6.14, which were found compatible to those found
in the literature (Liu et al., 2009). Ustusolate E was isolated from a marine-derived A. ustus
and was described to exhibit moderate cytotoxicity against lung cancer cell A549 and
leukemia cell HL-60 with 1Cso value of 10.5 and 9.0 uM, respetively (Lu et al., 2009).
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Figure 6.59: H-'H-COSY correlation NMR spectrum of compound F11-29-8 in DMSO-ds
measured at 500 MHz.
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Figure 6.60: HMBC NMR spectrum and essential correlations to determine the structure of

compound F11-29-8 in DMSO-ds measured at 500 MHz.
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Figure 6.61: HSQC NMR spectrum of compound F29-19-8 in DMSO-ds measured at 500

MHz. Red correlations are CHs and CH3s while blue are CH>s.
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Figure 6.62: ROESY spectrum and essential correlation of compound F11-29-8 in DMSO-
de measured at 600 MHz.
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Table 6.14: NMR spectral data for compound F11-29-8 DMSO-ds measured at 500 MHz..

Atom no.
1a
1p
20
2p
3a
3p
4

6’
9-OH

13C*
30.2 CH;

18.0 CH:

44.9 CH;

33.7C

445 CH
66.0CH

121.4 CH
1376 C
73.4C
376C
174.7C

68.7 CH:

32.6 CHs
24.8 CHj3
18.7 CHs
165.0C
129.6 CH
142.3 CH
148.4 CH
138.0 CH
194.9

'H
1.87d
1.99s
1.64 m
151 m
1.22s
1.35m

2.05d
5.63 s

5.84m

6.30 brs

4.88 dt
4.82 dt
0.95S
1.09d
1.08d
6.56 m
7.47m
7.48 m
6.63m
9.64d
6.30s

JinHz

7.9

HMBC (*H to %3C)
C3,C5

C14

C14

C7,C8, Cl11

C3,C4,C5,C14
C3, C4,C5, C13

C4, C5, C9, C10, C11

Cl, c4

Cr, Ce’
C3’
C%’
C8, C9, C10, C11

Roesy
HIp - H2p
Hloa—H2a

H3a -H5

H3a, H13, H6
HS5, H13

H12p, H14

H12B-H14

HS

Me-15, H4'
Me-15,
Me-15, H2', H6'
H3'

H4', H2'
H5, H120, H15

Legend: br s=broad singlet, s=singlet, d = doublet, t = triplet, q = quartet, m =multiplet,
guin=quintet.

*Data taken from HMQC and HMBC experiments
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6.5.3.3.  Compound F12-11-2 structure elucidation.

(E,E)-6-(6',7'-dihydroxy-2’,4'-octadienoyl)-strobilactone A

Chemical Formula: C23H3207
Exact Mass: 420.21448

Figure 6.63: Chemical structure of compound F12-11-2

Absol
Calculated Target Double Bond bsolute Error | Error |_.
Formula ) Error Fitness
Mass Mass Equivalence (mDa) | (ppm)
(ppm)
C23H3107| 419.20753 [419.20854 8.5 2.40 1.01 2.40 |0.817
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Figure 6.64. Mass spectral data of F12-11-2 at the ion peak m/z 419.2085 [M-H]".
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Figure 6.65: *H NMR spectrum of compound F12-11-2 in DMSO-ds measured at 500 MHz.

F12-11-2 (2 mg) was obtained from fraction 12 and then purified using preparative-TLC. It is
a yellow amorphous solid with the molecular formula C23H3207, indicating eight degrees of
unsaturation by its HRESI-MS spectrum. In addition to its low yield, F12-11-2 has a very poor
solubility in polar solvents used for ESI-MS analysis. The ion peak at m/z 419.2085 [M—H]~
was detectable by MZmine (metabolite ID: N_1001 in Table 6.4) amongst the discriminating
feature for the bioactive fractions and it was also possible to extract the base peak (Figure

6.64), but it was not feasible to obtain a quantifiable mass spectrum.

The *H and 2D NMR data of the compound were comparable to previous fractions. The
nucleus structure of F12-11-2 was found to be identical to that of the drimane sesquiterpenes
when their NMR data was compared. The main difference was in the side chain with the
presence of four olefinic carbons, two hydroxylated methines and a methyl group that
constituted a terminal butane-2,3-diol moiety. Side-chain signals observed from the H
spectrum (Figure 6.65) included proton resonances at o6x 5.96 (1H, ddd, J = 15.3, Hz, H2),
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7.23(1H, dd, J = 15.3, 10.7, 2.8 Hz, H3'), 6.44 (1H, m, H4"), 6.31 (1H, m, H5"), 3.86 (1H, dt,
J=10.6, 5.5 Hz, H6"), 3.48 (1H, d, J = 6.0 Hz, H7'), and 1.04 (3H, d, J = 6.3, 1.0 Hz, HE').

The 'H-'H COSY (Figure 6.66) correlations of H3'/H2', H3'/H4', H5'/H6', H6'/OH6', and
H7'/OHT7', OH7'/H8’, as well as the HMBC (Figure 6.67) correlations of H2' to C1’ and C4",
H4' to C6', and H8' to C7’ suggested that the side chain was (2'E,4'E)-6,7'-dihydroxyocta-
2'.4'- dienoyl. This moiety was attached to drimane core at H6 and the carbonyl carbon at C1'.
The H with the corresponding **C data was fully assigned with the HSQC spectrum (Figure
6.68) and presented on Table 6.15. The structure of F12-11-2 was elucidated as (E,E)-6-(6',7'-
dihydroxy-2',4’-octadienoyl)-strobilactone A was comparable to the published data (Table
6.16) (Liu et al., 2009). The compound was earlier described from the sponge-derived A.
ustus, and tested against a panel of tumour cell lines, including lymphoma cell L5178Y,
cervical cancer HelLa, and neural foetal PC12 cells but was found inactive.

A ROESY experiment (Figure 6.69) was used to evaluate the relative configurations of
drimane nuclei, which revealed correlation between H3a to H5, H15 to H14, H5/H6 to H13,
and 9-OH to H5 and H12aq, indicating that they all share the same relative configuration. This

suggests all have a configuration.
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Figure 6.66: (*H-tH) COSY correlation NMR spectrum of compound F12-11-2 in DMSO-

de measured at 500 MHz.
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Figure 6.67: HMBC NMR spectrum of compound F12-11-2 in DMSO-de measured at 500
MHz.
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Figure 6.68: HSQC NMR spectrum of compound F12-11-2 in DMSO-ds measured at 500
MHz. Red correlations are CH and CHs while blue are CHo.
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Figure 6.69: ROESY spectrum and essential correlation of F12-11-2 in DMSO-ds measured

at 600 MHz.
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Table 6.15: NMR spectral data for compound F12-11-2 in DMSO-ds at 500 MHz.

Atom no.
la
1p
20
2p
3a
3p
4

O© 00 N o Ul

8!
9-OH
6'-OH
7'-OH

13c*
30.0 CH;

17.9 CH;

45.0 CH2

33.7C

44.7 CH
66.2 CH
121.8 CH
137.1C
73.7C

38.1C
175.0C
68.7 CH>

32.6 CH3
24.7 CH3
18.7 CHs
166.0 C
120.4 CH
145.9 CH
127.5CH
146.6 CH
75.5CH
70.0 CH
19.7 CHs

H
1.87d
1.99d
1.61d
1.50d
1.20d
1.35m

2.04dd
5.60s
581 m

6.27 s

4.89 dt
4.81m
0.94s
1.09d
1.08d
5.96d
7.23 ddd
6.44 m
6.34 m
3.86 dd
3.48d
1.04 dd
6.27s
3.86 dd
3.48d

JinHz
134
4.2
135
10.0
3.0

3.4
3.4

15.3
15.3,10.7, 2.8

HMBC (*H to 1°C)

C4, C10, C14, C15

Cl1

C3,C4,C5,C14
C3,C4,C5

Cl, c4

Cr

ce', C7'
C8, C10, C11

Roesy
H1p - H2pB

H3a -H15

Hlo, H30, H6, HI13
H5, H6, H13,

HI12B

H5, H12a,

Legend s=singlet, d = doublet, t = triplet, q = quartet, m =multiplet, quin=quintet.
*Data taken from HMQC and HMBC experiments
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Table 6.16: NMR spectral data of compound F12-11-2 compared to that of literature (Liu et

al., 2009).

Atom no.

la
1p
2a
2p
Ja
3p

g’
9-OH
6'-OH
7'-OH

literature in DMSO-ds

(600 MHz)
13C 1H
29.3CH, 181d
1.93 dd
17.2CH; 1.56m
1.46 brd
442 CH, 1.18td
1.32d
339C
439 CH 1.97d
65.6 CH 5.58brs
121.1CH 5.76t
136.2C
728 C 6.20 brs
36.9C
1741 C
68.1 CH, 4.87dt
4,76 d
319CHs 0.90s
24.0 CHs 1.04s
18.1 CHs 1.04s
165.2C
119.7CH 591d
1452 CH 7.20dd
126.9CH 6.40dd
1459CH 6.31dd
747CH 3.84brs
69.4CH 3.47brs
19.0 CHs 1.02
6.20 brs
3.84brs
3.4br s

JinHz
13.4
13.6,4.4

12.5
12.8, 2.5
12.5

4.8

15.4
154,11.2
155,
11.2
15.5,5.0
14.9,6.9
6.0

F12-11-2 in DMSO-ds

13c-k
30.0 CH2

17.9 CH2

45.0 CH2

33.7C
44.7 CH
66.2 CH
121.8 CH
137.1C

73.7C

38.1C
175.0C
68.7 CH2

32.6 CH3
24.7 CHs
18.7 CH3
166.0 C
120.4 CH
145.9 CH
127.5CH

146.6 CH
75.5 CH
70.0 CH
19.7 CH3

(500 MHz)

H JinHz
1.87d 13.4
1.99d 4.2
161d 135
1.50d 10.0
1.20d 3.0
1.35m
2.04 dd 7.8,4.8
5.60 s
5.81m
6.27 s
4.89 dt 125,25
481 m
0.94s 2.0
1.09s
1.08s
5.96d 15.3

7.23ddd 15.3,10.7, 2.8
6.44 m
6.34 m
3.86 dt 10.6, 5.5
3.48d 6.0
1.04 dd 6.3, 1.0
6.27 s
3.86 dd
3.48d

Legend: br = broad, s= singlet, d = doublet, t = triplet, g = quartet, m = multiplet,
quin=quintet. *Data taken from HMQC and HMBC experiments.
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6.6.4. Terretonin

A terretonin derivative was isolated from subfraction 29 of F11 of A. ustus with a yield of 5.5
mg. It produced a quenching spot under short UV light (254nm) and major blue band upon
spraying with anisaldehyde/sulfuric acid (Figure 6.70).

-

Figure 6.70: PTLC methods for purification of SF29-6 from subfraction F11-29 using
solvent system 50:50 % of n-Hexane and EtOAcC.

357|Page



Compound F11-29-6 structure elucidation.

Chemical Formula: C2sH300s

terretonin F

Exact Mass: 470.1941
Figure 6.71: Chemical structure of compound F11-29-6.

Double Absolute
Calculated| Target Error ]
Formula Bond Error Error (ppm)|Fitness
Mass Mass . (mDa)
Equivalence| (ppm)
C26H300sNa|493.18384(493.18388 11.5 0.08 0.04 0.08 0.999
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Figure 6.72. Mass spectral data of F11-12 at the ion peak m/z 493.183 [M+Na] *.
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Terretonin F was obtained by further purification of subfraction F11-29. The compound was
eluted on preparative TLC plate, which gave intensive violet band upon spraying with
anisaldehyde/sulfuric acid and heating. It was moderately polar white amorphus solid with a
yield of 6.7 mg. HR-ESIMS data gave a MWt of 470.1941 Da and molecular formula of
C26H300s, which was deduced from the sodiated molecular ion peak at m/z 493.183 (Figure

6.72). A twelve degree of unsaturation was determined from the obtained molecular formula.
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Figure 6.73: *H NMR spectrum of compound terretonin F in DMSO-ds measured at 500
MHz.

The *H NMR (Figure 6.73) and HSQC (Figure 6.74) spectra revealed the presence of six
methyl singlets signals at 64 1.17 (H21), 1.43 (H18), 1.5 (H19), 1.70 (H20), 1.43 (H24) and
1.74 (H23), one singlet methoxy peak at 61 3.71 (S, H1"), one quartet resonating at o+ 4.98 (q,
6.6 Hz, H16) attributed to an oxymethine moiety, and a pair of doublets at 61 5.73 (d, 1.0 Hz,
H22a) and 5.23 (d, 1.4 Hz, H22b) attributable to an exomethylene moiety, one methylene
signals at on (2.66, H1lax, 2.71, H11eq), a pair of doublets at 61 5.73 (d, 1.0 Hz, H22a) and
5.23 (d, 1.4 Hz, H22b) for an exomethylene moiety, two conjugated olefinic protons at dn
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6.08 (d, 10 Hz, H2) and 7.14 (d, 10.1 Hz, H1), and one exchangeable proton at 6 8.52 (s,
OHo).

The 3C NMR spectrum exhibited 26 resonances including eleven sp2 carbons, six of them at
d, 153.4 (C1) and 126.3 (C2) 133.2 (C5), 143.6 (C12), 141.3 (C6), 143.2 (C12), and 113.3
(C22) belonging to three double bonds. Two sp2 carbon resonances at 6 170.2 (C15) and 167.5
(C25) indicated the presence of two ester carbonyls. The other three sp2 carbon ascribed to
the ketone group at 6 203.0 (C3) and 203.4 (C17), and 194.4 (C7). The remaining four degree

of unsaturation were ascribed to the four rings.

The analysis *H-'HCOSY (Figure 6.75) along with HMBC (Figure 6.76) correlation further
confirmed the structure of F11-29-6. The assignment of ring A was deduced from the coupling
between H1 and H2, and correlations between H1 toward C3, C5, C9 and H2 with C10.
Isolated spin system from the two olefinic protons ascribed to the vinylidene moiety near a
carbonyl unit. The fusion between rings A and B through C5 and C10 was proved by HMBC
correlations between H21(1.17) and C1, 5, 9, and 10 On the other hand, the occurrence of an
HMBC correlation from H20 (1.70) between C7,8,9, and 14 verified the direct fusion between
rings B and C through C8 and C9.

COSY (Figure 6.75) cross peaks of exomethylene moiety and H9 and the assignment of
HMBC correlations (Figure 6.76) of corresponding protons (H22a/22b [5.23, 5.73]) with C11
and C13 facilitated in the putting together the substructure for ring C. The HMBC correlation
confirmed the linkage between rings C and D through C13 and C14 from the methyl H23
(1.74) to C12, C13, C14 and C15. The HMBC cross peak between H16 (4.98) and the lactone
carbonyl C15 (170.2) was used to identify the keto-lactone unit of ring D, as well as the
connectivity of the methyl unit at H24 (1.38) with the ketone carbonyl on C17 (203.4).

Signal at 6c78.8 (C16) was typical for a sp3 carbon linked to an oxygen. COSY cross peaks
indicated that the methine group at (6 4.98, H16, q, J = 6.6 Hz) was substituted by a methyl
unit at 61 4.87 (m, H16). ROESY cross peaks (Figure 6.77) was used to identify the relative
configuration of terretonin F. The correlations between H11p with HI (3w 7.14), H20 (6H
1.70), H21 (81 1.17), H22 (81 5.23, 4.73), and H23 (81 1.74), as well as H1 (5n 7.14) with H9
(0H 2.08) and H2 (6H 6.08), suggesting that all these protons were positioned on the same side

of the molecule, which is the B orientation. In addition, the through-space correlation of
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methyl H24 with H20, H21 suggested as well a B orientation of the methyl unit.Full
assignments of the NMR spectral data of F11-29-6 are presented on Table 6.17, which were
compatible those found for terretonin F (Table 6.18) (Lopez-Gresa et al., 2009). Terretonin F
was first isolated from a marine-derived fungus A. insuetus, associated with the sponge
Petrosia ficiformis. Terretonin F showed activity as an inhibitor of the mammalian
mitochondrial respiratory chain (Lopez-Gresa et al., 2009) that is of importance in

degenerative diseases such as Parkinson’s and Huntington’s diseases.

D346630.4.ser — Person xqb18194 — F6 — @HSQC DMSO {C:\NMRdata} AIG 102

22 16

9 23 1821 L 10
24,20 .
»
24,20 Wy
2318 7 .. 9 . 20
)
111921 » ° .0'

30
.

"

10 8 k40

F60
14
70

16 ® L 8o

f1 (ppm)

90

100
F110
22 * L]
120
130
6 140
12

150

160

T T T T T T T T T T T T T T T T T T
9.0 8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

2 (ppm)

Figure 6.74: HSQC NMR spectrum of compound terretonin F in DMSO-ds measured at 500
MHz. Red cross peaks are CH and CHz while blue are CHa.

36l|Page



D346630.3.ser — Person xqb18194 — F6 — @COSY_cryo DMSO {C:\NMRdata} AIG 102

J ) che L

i 2 22 16 ] 11 9 23 24 21

22 11 20 18
4

21
19 2418
2320

1111

22
16

22

T T
85 80 75 70 65 60 55 50 45 40 35 30 25 20 15 10 05
2 (ppm)

Figure 6.75: (*H-!H) COSY correlation NMR spectrum of terretonin F in DMSO-ds
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Table 6.17: NMR data of F11-29-6 in DMSO-ds measured at 500 MHz..

Atom 13C* H JinHz HMBC ROESY
no.
1 153.4CH 7.14d 10.1 C3, C5,C9 H2, H9,
H11(eq), H21
2 126.3 CH 6.08 d 10.0 C10 H21,H22, H24,
H1'
3 203.0qC
4 47.99C
5 133.2qC
6 141.3¢qC
7 194.4 qC
8 49.8qC
9 44.0 CH 2.08 m H1, H16
10 39.2qC
11 27.1 CH; 2.71 dd ax 14.2 C10 H11(eq), H1,
2.66 dd eq 7.7,2.8 H21, H22, H23
12 143.6 qC
13 54.8 qC
14 65.4 qC
15 170.2 qC
16 78.8 CH 498 q 6.6
17 203.4qC
18 21.1 CHs 1.43s C3,C4,C19
19 26.5 CHs 145s C3,C4,C18
20 18.7 CHjs 1.70s C7, C8, C9, H11(eq), H21
Cl4
21 26.1 CHs 1.17s C1, C5, C9, H11(eq), H20,
C10 H18
22 113.3 CH; 5.23d 1.4 C11,C13 H11(eq), H23
4.73d 1.0
23 21.6 CHs 1.74 s C12, C13,
C14, C15
24 18.0 CHs 143s C16, C17 H20, H21, H18
25 167.5qC
1 53.2 CHs 3.71s C25 H23
6-OH 8.52s C5 H19

Legend: br = broad, s = singlet, d = doublet, t = triplet, g = quartet, m = multiplet, quin = quintet.
*Data taken from HMQC and HMBC experiments.
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Table 6.18: NMR data of F11-29-6 compared to that to literature(Lopez-Gresa et al., 2009).

terretonin F (literature) in CDCls F11-29-6 in DMSO-ds
Atom no. S H JinHz 13C H Jin Hz
(125 MHz) (500 MHz) (500 MHz) (500 MHz)
1 150.6 CH 6.80, d 10.2 153.4CH 7.14d 10.1
2 127.4 CH 6.11,d 10.2 126.3 CH 6.08 d 10.0
3 204.1qC 203.0qC
4 48.0qC 47.9qC
5 133.2qC 133.2¢C
6 140.0qC 141.3qC
7 1945qC 194.4qC
8 49.3qC 49.8qC
9 44,1 CH 2.18 dd 13.8,3.0 44.0 CH 2.08 m
10 39.1qC 39.2qC
11 28.0 CH> 2.66ax t 13.8 27.1 CH; 2.71dd ax 14.2
2.48 eq dd 13.8,3.0 2.66 dd eq 7.7,2.8
12 143.0qC 143.6 qC
13 54.8qC 54.8qC
14 65.6 qC 65.4 qC
15 169.9qC 170.2qC
16 78.8 CH 4.78 q 6.7 78.8 CH 4.98 q 6.6
17 209.9qC 203.4qC
18 20.9 CHjs 1.54s 21.1 CHs 1.43s
19 26.4 CH3 1.58s 26.5 CH3 1.45s
20 18.9 CHs 1.80s 18.7 CHs 1.70s
21 25.7 CH3 1.27s 26.1 CH3 1.17s
22 111.3 CH> 5.10, 4.93 113.3 CH; 5.23d 1.4
brs 4.73d 1.0
23 21.8 CH3 1.86s 21.6 CHs 1.74 s
24 17.8 CHs 1.55d 6.7 18.0 CH3 1.43s
25 166.9qC 167.5qC
1 53.3 CH3 3.82s 53.2 CHj3 3.71s
6-OH 6.68s 8.52s

Legend: s=singlet, d = doublet, t = triplet, g = quartet, m =multiplet, ax = axial, eq
=equatorial.
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6.7. Biological assay results of the pure compounds

All the purified compounds were tested for their anticancer activity against breast cancer cells
(ZR-75). All compounds including F11-12 (3'-hydroxy-2’'-(palmitoyloxy) propyl (92,127)-
octadeca-9,12-dienoate), F11-23 (9a-hydroxy-6a -[(2E,4E,6E)-octa-2,4,6-trienoyloxy]-5 a-
drim-7-en-11,12-olide), F11-29-8 (ustusolate E), F12-11-2 (strobilactone A) and F11-29-6
(terretonin F) demonstrated very good bioactivity against the tested breast cancer (ZR-75)
cell line, with cells viability less than 40% at 30 pg/mL. Except for (F11-17) ophiobolin K
and F11-11 (1,2 diolinolein) were found inactive, obtaining cell viability greater than 80%
(Figure 6.78). I1Csp of the bioactive compounds was less than 6 pM, as shown in Table 6.19

and Figure 1 in appendix 3.

Moreover, all the isolated purified compounds were assayed for their toxicity against normal
HS-27 and determined their 1Cso values, the results are shown in Table 6.19 and Figure 2 in
appendix 3. The toxicity of the compounds was established by measuring the ICso on the
normal HS-27 cells; if the ICso is more than 90 pug/mL, the compounds are regarded non-
cytotoxic; otherwise, if the 1Cso value falls between 2 and 89 pg/mL, the drug is classified as
moderately cytotoxic, and if it is less than 2 pg/mL, the compounds are classified as cytotoxic
(Mazlan et al., 2020b). Compounds with Sl values greater than 10 or when ICso values against
the normal HS-27 cell line could not be determined from the dilution curve, it suggested that

the compound is selective (Vonthron-Sénécheau et al., 2003).

Thus, the toxicity and selectivity indexes were calculated for the isolated compounds and
mentioned in Table 6.22. All the drimane sesquiterpenes derivatives including F11-23, F11-
29-8 and F12-11-2 were found active against breast cancer cells (ZR-75) with ICs equals to
5.93, 5.54, 4.62 uM. On the other hand, the above compounds had an 1Csg on the normal
Human foreskin fibroblast (HS-27) cells equals to 78.77, 136.50 and 46.50 uM and SI of
13.28, 24.63 and 10 respectively. As a result, all the drimane derivatives are considered

moderately toxic and selective.

Furthermore, F11-12 was the most potent compound against ZR-75 cells with ICso 2.47uM,
and an ICsp of 100 uM on HS-27 cells. F11-12 was considered not toxic on HS-27 and
selective on ZR-75 cells. Finally, terretonin F (F11-29-6) was found active against ZR-75 cells
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with 1Cso of 4.66 UM, and an 1Csg on the normal HS-27 cells of 356.2 UM resulting to an Sl

of 76.43. Terretonin F was considered selective and not toxic.

Effect of pure compounds isolated from A. ustus
on ZR-75 and HS-27 cells at 30ug/ml

120
100

0]
o

% viability
N B O
o o o

F11 F12 F17 F23 F29-6 F29-8 F12-11-2

o

pure compounds from A.ustus

B HS-27 WZR-75

Figure 6.78: Effect of pure compounds isolated from A. ustus on ZR-75 and HS-27 cells at
30pg/mL. The red line indicates the bioactivity threshold.
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Table 6.19: ICso concentrations (uM) for the bioactive isolated compound against respective cell lines. If SI greater than 10 or the ICsp
of the tested normal cell was not obtainable, then the compound considered selective.

compound Name I1Cs0 (LM) I1Cs0 (LM) I1Cso Toxicity Sl Selectivity
code ZR-75 HS-27 (Mg/mL)
HS-27
F11-11 1, 2 dilinolein inactive inactive inactive - - inactive
F11-12 3'-hydroxy-2'-(palmitoyloxy) propyl 2.47 100 >100 not cytotoxic 40.45
(92,12Z)-octadeca-9,12-dienoate (selective)
F11-17 ophiobolin K inactive inactive inactive - - inactive
F11-23 9a-hydroxy-6a. -[(2E,4E,6E)-octa-2,4,6-  5.93 78.77 30-100 moderate 13.28 | selective
trienoyloxy]-5 a-drim-7-en-11,12-olide cytotoxic
F11-29-8 | ustusolate E 5.54 136.5 30-100 moderate 24.63 | selective
cytotoxic
F11-29-6 | terretonin F 4.66 356.2 >100 not cytotoxic 76.43 | selective
F12-11-2 | (E,E)-6-(6",7'-dihydroxy-2',4'- 4.62 46.50 30-100 moderate 10 selective
octadienoyl)-strobilactone A cytotoxic

Legend: Sl=selectivity index. n.b=not obtsinsble, If ICso (UM) of HS-27 > 90 pg/mL=not cytotoxic, 2-89 pg/mL=moderate cytotoxity
and if less than 2 pug/mL = cytotoxic
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6.8. Summary

The most ideal condition for the large-scale fermentation of A. ustus was achieved at 30
days of incubation in liquid potato-dextrose medium. Multivariate analysis of the NMR
and mass spectral datasets showed that the extracts obtained from the potato-dextrose
cultures were more chemically complex and diverse. Moreover, the potato-dextrose
culture extracts exhibited activity against breast cancer after 30 days of incubation. Further
isolation work yielded seven compounds, six of which were pinpointed by multivariate
analysis to exhibit the putative bioactivity. The isolated target compounds were all known
compounds, which consisted of three drimane sesquiterpenes derivatives including 9a-
hydroxy-6a. -[(2E,4E,6E)-octa-2,4,6-trienoyloxy]-5 a-drim-7-en-11,12-olide (F11-23),
ustusolate E (F11-29-8) and E,E)-6-(6',7'-dihydroxy-2’',4'-octadienoyl)-strobilactone A
(F12-11-2).

Terretonin F (F11-29-6), ophiobolin K (F11-17). Additionally, two linoleic acid
derivatives including 1’,2" diolinolein (F11-11) and 3’-hydroxy-2'-(palmitoyloxy) propyl
(92,122)-octadeca-9,12-dienoate (F11-12). F11-12 was not detected amongst the target
metabolites predicted by multivariate analysis. All the isolated compounds were assayed
ZR-75 and HS-27 cell lines. Except for ophiobolin K and 1',2" diolinolein all other
compounds exhibited very good bioactivity against the tested breast cancer cell line ZR-
75. All the drimane sesquiterpenes derivatives including F11-23, F11-29-8 and F12-11-2
were found active against breast cancer cells (ZR-75) with ICs equals less than 6 uM. All
the drimane derivatives were found moderately toxic on HS-27 cells and selective on ZR-
75 cells.

Furthermore, F11-12 was found the most potent compound against ZR-75 cells with ICso
of 2.47uM. F11-12 was considered not toxic on HS-27 and selective on ZR-75 cells.
Finally, terretonin F (F11-29-6) was found active against ZR-75 cells with I1Cso equals to
4.66 uM, and the ICsp on the normal HS-27 cells was equal to 356.2 uM with SI of 76.43.

therefore, terretonin F was considered selective and not toxic.
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7. General Discussion

7.1. Anticancer and antioxidant compounds from two varieties of chamomile.

Below on Table 7.1 is a summary of biologically active compounds isolated from
Jordanian and European chamomile investigated in this study.

Table 7.1: Compounds isolated from the Jordian and European chamomile varieties.

Isolated compounds

Chemical
Formula, MW
and name

Chamomile
variant

Chemical
Formula:
C2sH24012
Exact Mass:
516.1264
3,56-0-
dicaffeoylquinic
acid

ChJ-F8

active

Jordanian

Chemical
Formula:
C19H1808

MWst: 374.1000
chrysosplenetin
ChE-F2

active

European

Chemical
Formula:
C15H1005
Exact Mass:
270.0525
apigenin
ChE-F8

active

European
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Chemical European
Formula:
C25H24012
MWt: 516.1261
1,3 dicaffeoyl
quinic acid
1,3-0O-
dicaffeoylquinic
acid

ChE-F12

active

Chemical European
Formula:
C16H2009

MWt: 356.1179
4'—1-0O-
feruloylglucose
glucoferulic acid
(lavandoside)
ChE-F11

active

7.1.1. Metabolomic-guided isolation of target anticancer active metabolites

The dereplicated secondary metabolites produced by Jordanian and European chamomiles
were quite comparable in terms of their chemistry as all analogues belong to the quinic
acids family of compounds. However, the proton NMR of the bioactive EtOACc extracts
of Jordanian and European varieties have different chemical profile because of a higher
concentration of flavonoid type of compounds despite the presence of lower yielding
quinic acid derivatives. The EtOAc extracts for Jordanian chamomile revealed the
presence of metabolites with chemical shifts resonating between 6.00 and 7.00 ppm
(aromatic compounds) which was an indication of the presence of phenylpropanoids.
Meanwhile, the NMR spectral data of European chamomile extracts exhibited a higher
density of resonances between 2.0 and 4.0 ppm, indicating the presence of glycosylated

and hydroxylated active metabolites, which was evidence of the presence of flavonoids.
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However, the antioxidant active metabolite with a chemical formula C24H25024 found at
the ion peak m/z 517.1341 [M+H]" 515.1196 [M—H]~ was a common target from both

varieties.

Discriminating metabolites from the Jordanian EtOAc extract yielded medium MWt
compounds that were derivatives of caffeoyl quinic acid, which have been described for
their antioxidant activity (Forino et al., 2015). These included N_3285 and N_3284 with
ion peaks found at m/z 353.0880 and 515.1196 Da. Furthermore, discriminating
metabolites with MZmine ID P_7541, P_21550, N_3306, P_845 with m/z values of
449.1079, 465.1028, 465.1029, 463.0887, 495.1133 Da were dereplicated as flavonoid
derivatives. Numerous flavonoids have been shown to have anticancer properties.
However, the molecular mechanisms behind this effect have not been completely
understood (Kopustinskiene et al., 2020). The latter metabolites were found in the
European chamomile EtOAc extract, which supported the evidence for its anticancer
activity against breast cancer cells. A correlation between total phenolic content
and antioxidant activity have been earlier reported (Al-Rimawi et al., 2016), but not with

total flavonoid content.

lon peaks [M-H] at m/z 515.127, and 515.118 Da were pinpointed as the discriminating
features for the active EtOAc extracts and 1031.260 is a complex of 515.127 Da. Amongst
the targeted compounds from the crude EtOAc extract of both varieties, only two
compounds could be isolated, which were F11-ChE and F8-ChJ that were both present in
European and Jordanian chamomile. Both compounds elucidated as 1,3-Dicaffeoyl quinic
acid and 3,5-Dicaffeoyl quinic acid, respectively have been widely reported for their
significant antioxidant activity and scavenging properties (Danino et al., 2009, Hong et
al., 2015).

However, four of the isolated targeted discriminating features for the European variety
with ion peaks [M-H] at m/z 373.093, 269.045, 515.127, and 355.103 Da were associated
with the active fractions corresponding to chrysosplenetin, apigenin, 1,3-Dicaffeoyl

quinic acid and glucoferullic acid, respectively. While one compound was isolated from
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Jordanian chamomile crude extracts, which was 3,5-Dicaffeoyl quinic acid. Both variants
yielded Dicaffeoyl quinic acid isomers, which were the most abundant in both varieties
and led to the antioxidant activity of their extracts (Danino et al., 2009, Hong et al., 2015).
The *H NMR spectra of F11-ChE was comparable to that of F8-ChJ, which are structural
isomers with the identical MWt, with only a variation in elution time of 0.3 seconds
between them. Even though the spectral data of F11-ChE and F8-ChJ were almost
comparable, they were not identical. The compounds are structural isomers with identical
MW, and there was a variation of 0.3 seconds in their retention times. Differences were
also detected in the respective 'H NMR of both compounds. When the *H NMR spectra
of F11-ChE and F8-ChJ were compared, it was observed that there was a more obvious
separation of the trans olefinic *H signals for the two caffeoyl units. The chemical shift of
H3 (4.96 ppm) and H5 (5.11 ppm) were more shifted downfield, which suggested the
esterification of two quinic acid moieties at positions 3 and 5. Whereas, the chemical shift
of the methine proton on C3 was shielded upfield in F11-ChE, it was determined that the
caffeoyl unit on 3-OH dissappeared, and the esterification of the hydroxyl unit on C1 had

taken its place.

In this study, a metabolomics approach has been applied in investigating the differences
in the production of secondary metabolites of two chamomile varieties grown under
different environmental conditions. Changes in metabolite production were perceived
between two varieties. Different environmental conditions between Jordanian and

European chamomile affected the type of the isolated compounds.

Even though the climate in Jordan varies from a more Mediterranean to a desert
environment, the country is typically quite dry. Winter temperatures vary between 9 and
13 °C and summer temperatures range between 25 and 35 °C (Matouq et al., 2013).
Meanwhile, the climate in the United Kingdom is temperate oceanic, with more rainfall
throughout the whole year. Seasonal variations in temperature are common; nonetheless,
the temperature rarely goes below -10 °C or climbs over 35 °C. In the literature, it was

stated that warm and dry weather in Quercus ilex leaves increases the concentration of
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polyphenols (Nogués et al., 2014, Rivas-Ubach et al., 2014), which explained the
production of di-caffeoyl quinic acid in high concentration in Jordanian chamomile.

As a result, significant changes in the synthesis of primary and secondary metabolites
were seen between specimens of the same plant species grown under various
environmental circumstances. (Sampaio et al., 2016, Zanatta et al., 2021). Polyphenols
are the most adaptable secondary metabolites, enabling plants to react quickly to a variety
of unanticipated stressors, which could be influenced by various environmental factors
(Di Ferdinando et al., 2014). The respective category of secondary metabolites, which is
influenced by environmental conditions, serves as a chemical interface between the plant
and its environment. These interaction could generate variations in metabolic profile for

same species (Sampaio et al., 2016).

Other factors that affects secondary metabolites productions of same species appears to
be related to induction of seasonal stress factors in the plant, such as (i) drought stress,
which can cause a reduction in photosynthetic rate with a consequent increase in
production of reactive oxygen species (ROS), resulting in an increase in the production of
phenolic compounds (natural antioxidants) during the dry season as a defence mechanism
(Ramakrishna and Ravishankar, 2011, Arbona et al., 2013, Reddy et al., 2004). (ii)
Thermal stress caused by a wide temperature variation range throughout the year,
particularly during drier periods, which can affect metabolic regulation, permeability to
water and COy, as well as the rate of intracellular reactions as well as improve antioxidant
properties by increasing the availability of carbohydrates thermal stress (Ramakrishna and
Ravishankar, 2011, Morison and Lawlor, 1999).

7.1.2. Proposed biosynthetic pathways of the isolated phenolic compounds

In this study, two flavone types of compounds and three phenylpropanoid derivatives were
isolated from two chamomile varieties. The biosynthesis of these flavones is proposed

(Scheme 7.1) from the reaction between p-coumaryl and three molecules of malonyl-
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coenzyme A (CoA,; via the fatty acid pathway) to produce naringenin-chalcone compound.
Then chalcone isomerase (CHI) was catalysed and naringenin was produced as a key
substrate. In next step flavone synthase (FNS) was involved to produce apigenin (ChE-
F8). While other flavonoid was resulted from the hydroxylation of naringenin through
F3H (flavanone 3-hydroxylase), F3’H (flavonoid 3’-hydroxylase) and F6H (flavanone 6-
hydroxylase) at position 3°,3 and 6 to produce trihydroxyquercetin. Then,
trihydroxyquercetin was methylated using at its 3’, 3,6 and 7-hydroxyl group to form 4°,5
dihydroxy-3°,3,6,7 tetramethoxy flavone (ChE-F2) as proposed in Scheme 7.1 (Berim and
Gang, 2013, Kim, 2006).

The hydroxylation of p-coumaric acid at the 3-position of the benzyl ring by the enzyme
3-hydroxylase (C3H) results in caffeic acid. Ferulic acid is produced from caffeic acid by
the enzyme caffeate O-methyltransferase (COMT) (Do et al., 2007). The 4-hydroxy group
of ferulic acid is then glycosylated, resulting in the synthesis of ferulic acid 4-O-glucoside
(ChE-F12). The glucose group was transferred from UDP-glucose to ferulic acid (Han et
al., 2016, Alcazar Magana et al., 2021).

On the other hand, the biosynthesis of two phenylpropanoid derivatives were from
converting p-coumaric acid into caffeic acid. The resultant caffeic acid is then converted
to caffeoyl-CoA through ligation of coenzyme A (CoA) by 4-CoA ligase (4CL). Then,
subsequently transesterified with quinic acid by HQT (hydroxycinnamoyl CoA quinate
hydroxycinnamoy! transferase) / HCT (hydroxycinnamoyl-CoA shikimate/quinate
hydroxycinnamoy!l transferase) to generate 3- caffeic quinic acids. Further esterification
of the quinic acid with caffeoyl CoA by HQT at position number 5, resulted in 3, 5-O-
dicaffeoyl quinic acid (ChJ-F8). While esterification at positioned 1, resulted in 1,3-O-
dicaffeoyl quinic acid ((ChE-F11) (Alcazar Magana et al., 2021).
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Figure 7.1: Schematic diagram of proposed biosynthesis of the isolated compounds from
chamomile varieties. Enzyme abbreviations: CHS, chalcone synthase; CHI, chalcone
isomerase; FNS, flavone synthase; F3H, flavanone 3-hydroxylase; F3’H, flavonoid 3’-
hydroxylase; F6H, flavanone 6-hydroxylase: FLS, flavonol synthase; 7-OMT, 3-
methylquercetin 7-O-methyltransferase; F6-OMT-, F6-O-methyltransferase; ROMT-9,
rice  O-methyltrasnferase-9; 4CL, 4-hydroxycinnamoyl-CoA  ligase; HCT,
hydroxycinnamoyl-CoA shikimate/quinate hydroxycinnamoyl transferase; HQT,
hydroxycinnamoyl CoA quinate hydroxycinnamoyl transferase; C3'H, p-coumaroy! ester
3'-hydroxylase (Alcazar Magana et al., 2021, Han et al., 2016, Do et al., 2007, Berim and
Gang, 2013, Kim, 2006)
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7.1.3. Role of isolated phenolics and flavonoids compound from chamomile varieties as

anticancer and antioxidant activity

Polyphenols are a class of secondary metabolites found in plants that have been widely
investigated. Polyphenols are distinguished by the presence of numerous phenol (benzene)
rings in their structure (Sung et al., 2016). Flavonoids, phenolic acids, stilbenes,
lignans are all polyphenols. Polyphenols have a wide range of biological roles, including
anticancer action, due to their structural diversity (Madunic et al., 2018). Their basic
structures are C6-C3-C6 carbon framework with various substitution that result in a
variety of subclass compounds such as flavones, flavonols, flavanones, isoflavones,

flavanols or catechins, and anthocyanins (Birt and Jeffery, 2013).

Flavonoids exert their anticancer effect by inducing apoptosis in cancer cells
(Kopustinskiene et al., 2020). Although studies have demonstrated that a high flavonoid
consumption is related with a lower risk of several forms of cancer. Aside from anticancer
action, flavonoid-mediated health advantages include anti-oxidant activity through the
elimination of free radicals, which may damage lipids, proteins, and DNA (Sak, 2014,
Sung et al., 2016, Simon et al., 2000). In this study, antioxidant and anticancer activity on
breast cancer cells were examined and it was found that chrysosplenetin and apigenin
significantly inhibited ZR-75 cells with ICsos of 1.94 and 1.41 pM respectively without
exerting antioxidant activity. While 3,5-O-dicaffeoyl quinic acid, 1,3-O-dicaffeoyl quinic
acid and glucoferulic acid demonstrated antioxidant activity on DPPH assays with ECsos
of 147, 603 and 463 pM, no effect on ZR-75 cells was exhibited.

The most prevalent and investigated flavonoid is 4',5,7-trinydroxyflavone, also known as
apigenin, with a molecular mass of 270.24 g/mol. Apigenin is abundant in parsley, celery,
chamomile, oranges, thyme, onions, honey, spices, and plant-based drinks (Bak et al.,
2016, Zhou et al., 2016). Previous studies showed that apigenin inhibits the growth of
progesterone-dependent BT-474 breast cancer cells xenograft tumours in nude mice by
increasing apoptosis and decreasing HER2/neu expression (Mafuvadze et al., 2012). It
was reported by other studies that apigenin-induced apoptosis in MDA MB-453, SKBR3,
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and BT-474 breast cancer cells lines (Seo et al., 2015b, Seo et al., 20153, Seo et al., 2014).
The observed inhibition of cell proliferation in these HER2-overexpressing in breast
cancer was related with a caspase-dependent extrinsic apoptotic mechanism and
suppression of the STAT3/VEGF signalling pathway. Furthermore, apigenin showed
cytotoxic effects in MCF-7 cells were accompanied by morphological changes, reduced
motility, and decreased intracellular communication due to structural abnormalities and
decreased intracellular a-tubulin (Bai et al., 2014). The anti-cancer activity of apigenin
has been studied extensively in several research as a possible cancer-chemopreventive

drug against a diverse range of cancer forms (Birt et al., 1986)

Apigenin has been demonstrated orally to suppress the metastasis of ovarian cancer cell
xenograft tumours in mice, and it has also been proven to suppress the invasion and
migration of ovarian cancer cells when administered in vitro. Apigenin's downregulation

of MMP-9 in exposed cells and tissues was attributed to these effects.(He et al., 2012)

On the other hand, chrysosplenetin showed antiproliferative effect on the MCF-7 breast
cancer cell line With an 1Cso value of 0.29 uM. It exhibited dual inhibitory activity against
topoisomerase | and Il. It inhibited topoisomerase Il by 83-96% in the 12.5-100 pM
range. Molecular docking studies were conducted to better understand chrysosplenetin's
binding mechanism, interactions, and affinity for DNA and topoisomerases | and Il. These
experiments established that the 4-chromone core and the hydroxyl and methoxy groups
are required for intercalation with DNA and inhibition of topoisomerase | and Il
(Sohretoglu et al., 2020). Another mechanism underlying to its antiproliferative activity
is the activation of the mitotic spindle checkpoint through microtubule depolymerisation
which leads to cell apoptosis. The property of microtubule disassembling and their lower
toxicity allow them to be considered chemopreventive agents (Sinha et al., 2015).

The phenolics and flavonoids demonstrated outstanding anti-inflammatory and anticancer
activities (Chahar et al., 2011, Talhouk et al., 2007). Phenolic compounds, which are plant
secondary metabolites, are well-known antioxidants and play an important roles in disease

resistance (Tungmunnithum et al., 2018)
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According to the literature, 1,3-diCQA (1,3-O-dicaffeoyl quinic acid) demonstrated
significant antioxidant and free radical scavenging properties. The 1Cso value (40 puM) of
1,3-diCQA was two-fold lower than that of Trolox (positive control), suggesting that 1,3-
diCQA had higher antioxidant activity than Trolox (Danino et al., 2009). Furthermore, it
was stated that 3,5-DiCQA (3,5-O-dicaffeoyl quinic acid ) demonstrated significant
antioxidant activity, which assayed on DPPH with of an ICso 0f 4.26 g/mL, ABTS radical
scavenging assay with TEAC value of 0.9974, and FRAP activity with 3.84 mmole of
Trolox equivalent/g activities (Hong et al., 2015). Also, glucoferulic acid has also been

reported in the literature to exhibit antioxidant activity (Kikuzaki et al., 2002)
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7.2. Anticancer compounds from the fungal endophyte of Jordanian chamomile.

Table 7.2: Compounds isolated from the A. ustus extracts

Isolated compounds Type

(0] linoleic acid
17 15 13 _12 19 9 7 5 3 1 3 derivatives

3'-hydroxy-2'-(palmitoyloxy) propyl (92,12Z)-octadeca-9,12-dienoate
Chemical Formula: C37HesOs
Exact Mass: 592.5067

active
linoleic acid
derivatives

18
3’-hydroxy-1',2"-diyl (92,9'Z,12Z,12'Z)-bis(octadeca-9,12-dienoate)
Chemical Formula: C3gHegOs
Exact Mass: 616.5125

inactive

sesterpenes

ophiobolin K
Chemical Formula: CsH3503
Exact Mass: 384.2666
inactive
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9a-hydroxy-6a -[(2E,4E,6E)-octa-2,4,6-trienoyloxy]-5 a-drim-7-en-11,12-
olide
(Antibiotic RES 1149-2)
Chemical Formula: C23H300s
Exact Mass: 386.2081
active

sesquiterpenes

9a-hydroxy-6a. -(6-oxohex-2E,4E-dienoyloxy)-5a-drim-7-en-11,12-olide
(ustusolate E)
Chemical Formula: C21H2606
Exact Mass: 374.1724
active

sesquiterpenes

(E,E)-6-(6',7'-dihydroxy-2',4'-octadienoyl)-strobilactone A
Chemical Formula: Ca3H3,07
Exact Mass: 420.21448
active

sesquiterpenes
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meroterpenoids

terretonin F
Chemical Formula: C26Hz00s
Exact Mass: 470.1941

7.2.1. LC and direct infusion mass spectroscopic-based metabolomic profiling of
terpenoids
The most often used approach in metabolomics research is MS, which is frequently used
in combination with a separation technique such as LC (Madji Hounoum et al., 2016).
Alternatively, direct infusion MS may be also used to perform MS-based metabolomics
without the separation phase (Gonzalez-Dominguez et al., 2017). None of the known
approaches can analyse all metabolites simultaneously. Not all mass spectrometric
techniques and methods can detect all metabolites since certain metabolites do not ionise
depending on the ion source or detected depending in the mass analyser or that their
concentration is too low that is below the limit of detection. The dynamic range of the
majority of mass spectrometers is between 3 and 4 orders of magnitude, although
metabolite concentrations in biological samples are often substantially higher (Scalbert et
al., 2009). The number of metabolites covered by the different MS analytical techniques
varies greatly, depending on whether the it is targeted or a non-targeted approach
(Wishart, 2008) .

The benefit of LC-MS is that it does not need derivatisation for the detection of polar or
high MWt metabolites, allowing for quick analysis of small samples. For LC-MS, a
variety of detectors are available, ranging from ultra-high resolution MS (FT-ICR) or
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Orbitrap FT to high resolution MS (TOF) and low resolution MS (ion traps, triple quads)
to hybrid systems (Dwivedi et al., 2008)

Direct infusion mass spectrometry, which also includes nanospray and microchip
ionization methods, enables the quick and simple examination of a broad variety of
metabolites at high speeds (Poho et al., 2019). The benefit is that samples can be processed
quickly. Direct infusion MSis used for detecting and characterising a wide range of
metabolites from several functional categories. This depends on their polarity. We have
the polar metabolites such as glycolytic intermediates, nucleotides, nucleotides including
pyridine, and amino acids (Gonzalez et al., 1997). On the hand, there are also non-polar
components, which includes lipids and terpenoids. Employing an LC will limit or enhance

their elution depending on the column absorbent.

However, direct infusion MS experiments may suffer from matrix effects, reducing
sensitivity and causing ion suppression (Annesley, 2003). Direct infusion MS has low
selectivity because isobaric molecules cannot be separated only by mass-to-charge ratio.
Direct infusion MS has been utilised in metabolomics to analyse lipids in serum and
plasma, and less commonly in other biological matrices including tissue samples

(Gonzalez-Dominguez et al., 2017, Draper et al., 2013).

As result high-resolution mass spectrometry (HRMS) is often used for untargeted
metabolomics (Kaufmann et al., 2011). HRMS can determine the masses of thousands of
metabolites at the same time, allowing for a more comprehensive picture of the sample's
composition to be obtained. HRMS has additional benefits such as a wide dynamic range,
a high mass extraction window, high mass accuracy, and strong discrimination between

compounds and interferents (Marshall and Hendrickson, 2008, Xian et al., 2012).

A study has been performed to compare the direct infusion MSand LC-MS techniques by
assessing human foreskin fibroblasts (HFF) and human induced pluripotent stem cells
(hiPSC) reprogrammed from HFF using both methods in positive ion mode. The study
stated that higher number of metabolites were detected in LC-MS when compared to direct

infusion. This is because LC-MS has a higher selectivity and less ion suppression.
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However, the findings demonstrate that chip-MS is a rapid and straightforward approach
that enables high sample throughput from small sample volumes and can identify and
categorise major metabolites and cells based on their metabolic profiles (Poho et al.,
2019). So, these results confirmed that there is no advantage of using direct infusion over
LC-MS as most biomarkers identified using direct infusion MSwere also detected using
LC-MS. As results, there are other purposes why the isolated compounds were showing

in direct infusion but not in LC-MS.

LC-MS has the benefits of high selectivity and sensitivity. However, this procedure
requires much more time for analysis than direct infusion (Dwivedi et al., 2008). Other
limitation is that LC-MS cannot detect all metabolites. In my study, LC-MS was not able
to elute terpenoid compounds due their very low polarity and using reversed-phased
columns, which is not compatible to the low polarity of the terpenoids rendering them
undetectable. And in this case, LC-MS was more a disadvantage making direct infusion

the better method of analysis.

In the screening, the anticancer extracts of R1-2 and R1-3 showed a unique set of
discriminating metabolites from the root endophytes, which were discriminated by the
“end point” metabolites N 3, N 11, N 4049, and, N_77 with ion peaks found at m/z
325.185, 339.200, 389.610, and 956.594 Da, respectively. N_11 was putatively identified
as 4-methylbenzenesulfonyl-1-dodecanol. Four structurally-related bisphenol S (BPS)
surfactants  (decylbenzenesulphonic  acid, undecylbenzenesulphonic acid, 2-
dodecylbenzenesulphonic acid and tridecylbenzenesulphonic acid) have been identified
as plasticiser pollutants from the Arctic region of Kongsfjorden (Nejumal et al., 2017).
Whereas, N_4049 was putatively identified as  6-O-(5-carboxy-2E,4E-
pentadienoyl)11,12-epoxy-7-drimene-6f,9a,11a-triol obtained from the marine-derived
A. ustus and described to exhibit cytotoxic activity against tumour cell lines, including
L5178Y, HelLa, and PC12 cells (Liu et al., 2009). However, these low-yielding

metabolites that were less than microgram levels were not feasible to be isolated.
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All the isolated compounds from A. ustus subfractions were extracted from F11 and F12
and were detected by HRMS only by direct infusion method. It was likely that non-polar
or lipophilic molecules were not eluting through the LC-MS mass spectrometer column
due to low polarity of fraction F11 and 12. Thus, for this limitation, the direct infusion

MS was used for the analysis of non-polar compounds and lipids (Poho et al., 2019).

Direct infusion MS validated the targeted anticancer metabolites. Two discriminated
metabolites with ion peaks at m/z 471.20 and 419.17 in F11-29-6 and F12-11-2. F11-29-
6 was identified as terretonin F (Oleinikova et al., 2016) with a MZmine ID of P_903,
MW of 470.19 Da, and chemical formula of C26H300s. The chemical formula of F12-11-
2 (N 1001) is C23H3207 with MW of 420.21 Da. These two compounds were previously
described as having anticancer activity (Oleinikova et al., 2016, Liu et al., 2009). P_1346
and P_1635 have MWs of 386.207 and 374.171 Da and molecular formula of C23H300s
and C21H260s, respectively. P_1346 and P_1635 were assigned the trivial names antibiotic
RES 1149-2 (F11-23) and ustusolate E (F11-29-8), respectively and had anticancer

activity against breast cancer cells (ZR-75).

Two inactive subfractions were isolated and defined as glycerol 1,2-di-(9Z,12Z-
octadecadienoate) with an MZmine ID of P_2370, a MW of 616.505 Da and molecular
formula of CsgHesOs, which was later isolated and confirmed by NMR data F11-11 was
from an unknown source. F11-17 was elucidated as ophiobolin K (F11-17), which was
earlier described and isolated from various Aspergillus spp. It was detected with MZmine
ID of P_2564, a MW of 384.2663 Da and molecular formula of C2sH303. Ophiobolin K
showed nematocidal activity (EDso 10 ng/mL) against Caenorhabditis elegans (Singh et
al., 1991). Furthermore, ophiobolin K was isolated from A. calidoustus obtained from
Acanthospermum australe (Asteraceae) and was reported for its antifungal activity against
fungal plant pathogens, protozoal activity against Trypanosoma cruzi, and cytotoxic

activity against human tumoral cell lines (Rodrigues de Carvalho et al., 2016).

However, one of the isolated active compounds against ZR-75 cells was not a

discriminating feature in HRMS analysis, which was identified as 3'-hydroxy-2’'-
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(palmitoyloxy) propyl (9Z,127)-octadeca-9,12-dienoate (F11-12). This compound was
found in the active side of OPLS-DA plot. The secondary metabolite was earlier isolated
from the coralloid roots of Cycas revoluta (Cycadaceae). Also, it was reported to have

pronounced hormogonium-inducing factor (HIF) activity (Hashidoko et al., 2019).

7.2.2. Proposed biosynthetic pathways of the isolated fungal compounds

7.2.2.1 Linoleic acid and its derivatives

According to the suggested biosynthetic pathway of linoleic acid derivatives as seen in
Figure 7.2, the process begins with one mole of acetyl-CoA and seven moles of malonyl-
CoA, which serve as precursors for the production of fatty acids (Akpinar-Bayizit, 2014).
After entering the FA cycle, where the acyl substrate (either as the acetyl molecule or A
CP-bound) and malonyl undergo condensation in the presence of ketoacyl synthase
(Gajewski et al., 2017)

The resulting ketoacyl intermediate is then processed in a repetitive sequence of reaction
steps that includes reduction with ketoacyl reductase (KR), dehydrogenation with a
dehydratase (DH) enzyme, and another reduction step with enoyl reductase (ER) in the
presence of NADPH, resulting in a fully reduced acyl chain. The formed acyl-chain serve
as the precursor for the subsequent cycle. The procedure is continued until the final FA is
cleaved from its thio-CoA moiety by thioesterase with hydrolysation. The C16 (palmitic
acid) FA product is elongated to C18 (stearic acid) using an elongase enzyme, and then a
series of desaturation reactions proceeds to add double bonds to the FA structure.
Beginning with A9 desaturase would form oleic acid (18:1(9)) then followed with A12
desaturase to generate linoleic acid (18:2(9,12)). The proposed biosynthesis of 2,3-
dihydroxypropyl (9Z,12Z7)-octadeca-9,12-dienoate, which is known as glycerol linoleate.
Esterification reduction reaction of linoleic acid in the presence of glycerol. The proposed
biosynthesis of 1,2 diolinolein (F11-11) shown in Figure 7.2 could be accomplished by
esterification of glycerol linoleate with linoleoyl CoA in the presence of monoacylglycerol

387|Page



acyltransferase (MGAT). While 3'-hydroxy-2'-(palmitoyloxy) propyl (92,12Z)-octadeca-
9,12-dienoate (F11-12) produced from esterification of glycerol linoleate with palmiteoyl

CoA in the presence of monoacylglycerol acyltransferase (MGAT).
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Figure 7.2:The proposed biosynthetic pathway of linoleic acid derivatives. (Gajewski et
al., 2017, Akpinar-Bayizit, 2014). Enzyme abbreviations; MGAT: monoacylglycerol

acyltransferase.
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7.2.2.2. Terpenoids

Terpenes are the most abundant class of natural compounds in terms of structural
diversity. Several terpenoids with anticancer potential were isolated from Aspergillus spp
(Nadumane et al., 2016). Terpenes are composed of an isoprene, 2-methylbuta-1,3-diene
(CsHg). Thus, terpenoids are categorised as hemiterpenes (C5), monoterpenes (C10),
sesquiterpenes (C15), diterpenes (C20), sesterpenes (C25), triterpenes (C30),
tetraterpenes (C40), and polyterpenes (C40) based on their C5 units (Zwenger and Basu,
2008).

Drimane-type natural products are a class of sesquiterpenoids that are present in a variety
of plant species, including terrestrial plants, endophytic fungi, and sponges (Figure 7.3).
All terpenoid is mediated by two biosynthetic pathways to produce basic five carbon
precursors from isopentenyl diphosphate (IPP) and (dimethylallyl diphosphate) DMAPP.
They are synthesised from the main precursor to all sesquiterpenoids, farnesyl diphosphate
(FPP), which is then catalyzed by drimenol synthase to generate a variety of
unique related-natural compounds The first is the mevalonic acid (MVA) route, which is
found mostly in fungi and higher plants, and the second is the 2-C-methyl-D-erythritol 4-
phosphate (MEP) system, which is found primarily in bacteria (Dairi et al., 2011).
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Figure 7.3: The proposed biosynthetic pathway of terpenoids derivatives (Dairi et al.,
2011). Abbreviation; isopentenyl pyrophosphate (IPP), dimethylallyl pyrophosphate
(DMAPP), farnesyl diphosphate (FPP).

In this study, three drimane sesquiterpenes, one meroterpenes and one sesterpenes
derivatives were isolated from A. ustus. Sesterterpene ophiobolin biosynthesis involving
multiple gene clusters in A. ustus has also been demonstrated (Chai et al., 2016). The

proposed biosynthetic pathway of terpenoids derivatives were illustrated in Figure 7.4.

Initially, two moles of isopentenyl pyrophosphate (IPP) were reacted with one mole of
dimethylallyl pyrophosphate (DMAPP) to generate farnesyl pyrophosphate to form
drimane sesquiterpenes (FPP). An enzyme called terpene cyclase B (DrtB) was used to
catalyse the production of drimenol from FPP. DrtB exhibited similar activity to that
reported in plant-derived drimenol cyclases. A cytochrome P450 (DrtD) was shown to be

capable of catalysing numerous hydroxylations of C6, C9, and C12, as well as additional
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oxidation of hydroxy groups at C-6 and C-11, resulting in the formation of ketone and
aldehyde (Wenyu et al., 2022).

C11 and C12 were oxidised using a FAD-binding oxidoreductase (DrtC) to form a
carboxylic acid, which was subsequently condensed with the y-OH to yield the y-
butyrolactone ring. The polyketide synthase (DrtA) was capable of synthesising PKS
chains of varied lengths (C6 and C8) that were subsequently dehydrated to varying
degrees by the short-chain dehydrogenase (DrtF). Finally, the acyltransferase (DrtE)
incorporated the PKS chains into the drimane skeleton to generate the various
sesquiterpene esters including Antibiotic RES 1149-2, strobilactone A and ustusolate E
(Wenyu et al., 2022, Huang et al., 2021)

While the production of ophiobolin K required 4 moles of IPP and one mole of DMAPP,
this reaction was catalysed by OblAau. The ophiobolin backbone was synthesised through
a sequence of oxidation reactions at C5 and C21, which were catalyzed by ObIBAu and
resulted in the formation of ophiobolin C. Then dehydrogenation reaction in the sidechain
by ObICAu to produce ophiobolin K as shown in Figure 7.3 (Yan et al., 2022).

On the other hand, terretonin F was formed by alkylation of 3,5-dimethylorsellinic acid
(DMOA) with FPP to generate FPP-DMOA, which was subsequently cyclised and
subjected to several oxidations steps to get preterretonin A.Trt9 oxidises preterretonin A
at the C3 position. Further hydroxylated at C16 and subjected to multistep oxidation by
the P450 (Trt6). The intermediate formed is transformed to terretonin F by water's
nucleophilic attack on the C17 ketone with consequent lactonisation (Matsuda and Abe,
2016).
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Figure 7.4: The proposed biosynthetic pathway of terpenoids derivatives (Yan et al.,
2022, Wenyu et al., 2022, Huang et al., 2021, Matsuda and Abe, 2016). The isolated
compounds from A. ustus are in the black box. Abbreviation: isopentenyl pyrophosphate
(IPP), dimethylallyl pyrophosphate (DMAPP), farnesyl diphosphate (FPP), terpene
cyclase B (DrtB), cytochrome P450 (DrtD), FAD-binding oxidoreductase (DrtC),
polyketide synthase (DrtA), dehydrogenase (DrtF), the acyltransferase (DrtE), 3,5-
dimethylorsellinic acid (DMOA), cytochrome P450 (Trt6), OblAAu, ObIBAu and
ObICAu are oxidases
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7.2.3. Related bioactivities of isolated compounds and their known derivatives
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Figure 7.5: The chemical structures of bioactive congeners that are structurally related
to the isolated compounds.
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Isolated compounds F11-23 and F11-29-8 were identical to antibiotic RES 1149-2 and
ustusolate E, respectively. Both compounds antibiotic RES 1149-2 and ustusolate E were
obtained from cultures of the fungus A. ustus, which was isolated from the Mediterranean
sponge Suberites domuncula showed cytotoxic activity against a panel of tumour cell
lines, including mouse lymphoma (L5178Y), human cervical carcinoma (HeLa), and rat
pheochromocytoma (PC12) cells, with ustusolate E being the most active (ECso against
L5178Y cell line: 0.6 pg/mL) (Liu et al., 2009). Ustusolate A showed weak cytotoxicity
against human leukemia (HL-60) and human lung cancer (A549) cell lines with an 1Csg

value of 20.6 and 30.0 pM, respectively.

Strobilactones A and B were isolated from the mushroom Strobilurus ohshimae from
Japan. Strobilactones A and B inhibited cell proliferation in the human colon cancer cell
line (COLO 20) at ICso of 40 g/mL and 35 g/mL, respectively. Strobilactones B had
moderate antibacterial activity against S. aureus NBRC 13276 and P. aeruginosa ATCC
15442, with zones of inhibition of 12 mm in diameter at a 100 g/disk concentration. These
findings demonstrated that the polarity of a compound seems to be critical for its
antibacterial activity as strobilactones B is more polar than strobilactones A (Shiono et
al., 2007). Strobilactones A and B structures have the drimane sesquiterpene nucleus. All
the isolated drimane sesquiterpenes were sharing the same structural core (strobilactones

A) and only differ inside chain attached to C6 by an ester linkage.

Another A. ustus culture isolated from the rhizosphere soil of the mangrove plant
Bruguiera gymnorrhiza in China also yielded eight drimane sesquiterpenes known as
ustusols A to C and ustusolates A to E and RES-1149-2 (Lu et al., 2009). In previous
studies, RES-1149-2 was characterised as a metabolite from A. ustus var. pseudoreflectus
that was isolated from a soil sample. It was discovered to serve as a selective endothelin
type B receptor antagonist with an ICso of 20 pg, which may have critical role in
inflammatory lung diseases and diseases of the airways (Ogawa et al., 1996, Uosaki et al.,
1996).
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Drimane sesquiterpenes were also isolated from the EtOAc extract of another marine-
derived fungus A. ustus 094102. The fungus was obtained from the rhizosphere soil of
the mangrove plant Bruguiera gymnorrhiza, found along the South China Sea coastline.
The cytotoxic effects on A549 and HL-60 cell lines were evaluated by SRB
(sulforhodamine B assay) and MTT methods that involves both colorimetric assay for
assessing cell viability, proliferation, and cytotoxicity. Ustusolates C and E exhibited
moderate cytotoxicity against A549 and HL-60 cells with ICso values of 10.5 and 9.0 uM,
respectively, and ustusolate A showed weak cytotoxicity against HL-60 and A549 cells
with 1C50 values of 20.6 and 30.0 UM, respectively (Lu et al., 2009) Meanwhile ustusolate
C and D were almost identical as they share the same skeleton except for the side chain.
Instead of having an aldehyde moiety at position C6', a hydroxyethyl moiety was attached
to the methine group at C5’. On the other hand, ustusolate D has a methine at position 6’
attached to two methoxy group.

The isolated compound F12-11-2 is identical to (E,E)-6-(6’,7’-dihydroxy-2’,4’-
octadienoyl)-strobilactone A, which was obtained from marine-derived fungus A.
insuetus (OY-207) that was isolated from the Mediterranean sponge Psammocinia sp. It
exhibited anti-fungal activity towards Neurospora crassa with MIC values of 162 uM and

mild cytotoxicity towards MOLT-4 human leukemia cells (Cohen et al., 2011).

The ophiobolins are class of sesterterpenes that isolated from different fungal genera
including Bipolaris, Aspergillus, Sarocladium and Drechslera (Yunetal., 2012, Auetal.,
2000, Boehle et al., 2002, Bencsik et al., 2014) . The isolation of ophiobolins from
Aspergillus spp. was ascribed to three distinct species: A. calidoustus, A. insuetus, and A.
keveii, all belonging to the Aspergillus section Usti. (Chen et al., 2012). Ophiobolins have
a MWt of around 400 Da. All ophiobolin derivatives are tricyclic with a 5-8-5 ring
structure. Ophiobolin A inhibited the growth of lung cancer A-549, colon cancer HT-29,
melanoma Mel-20, leukemia P-388, and ovarian cancer OVCAR-3, with I1Cso values of
0.1, 0.1, 0.06 and 0.3 puM, respectively (Ahn et al., 1998, Singh et al., 1991, Bhatia et al.,
2016, Bury et al., 2013a, Bury et al., 2013b).
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Ophiobolin O, a naturally occurring compound isolated from A. ustus 094102, inhibited
breast cancer MCF-7 and leukemia P-388 cell lines with 1Cso values of 17.9 and 4.7 pM,
respectively. Ophiobolin O caused GO/G1 phase arrest in MCF-7 cells and triggered
apoptosis in MCF-7 cells. Ophiobolin O also activated JINK, p38 MAPK, and ERK, while
degrading Bcl-2 phosphorylation (Ser70) (Yang et al., 2012). Ophiobolin O and K were
almost identical except for the functional groups at positions 5 and 21, which were
different. A furan ring was present in ophiobolin O, as well as the presence of two
anomeric carbons (C5 and C21). Meanwhile, carbonyl moiety was present at position 5
and 21 in ophiobolin K (Zhang et al., 2012). MCF-7 and ZR-75 are human breast cancer
cells that belong to the Luminal A subtype and are both positive for the oestrogen receptor
(ER). However, only ZR-75 cells are positive for the progesterone receptor (PR), while
MCEF-7 cells are not (Ding et al., 2021). ZR-75 cells exhibit a hypertriploid chromosomal
number, express oestrogen receptors, and generate large quantities of mucin mRNA
(MUC-1) in the blood. MCF-7 is is estrogen-dependent, which were more commonly
employed in the research of 18F-FES (F-fluoroestradiol) than ZR-75-1 cells, although ZR-
75-1 cells were more consistent with the cells found in the majority of breast cancer
patients(Chang et al., 2016, Ding et al., 2021).

Further research on ophiobolin derivatives revealed 3-anhydro-6-hydroxyophiobolin A
to be active against lung cancer (HepG2) and leukemia (K-562) cell lines with 1Csg values
of of 6.5 and 4.1 UM, respectively. It promotes apoptosis in human k562 leukemic cells
by lowering the levels of the c-myc and bcl-2 proteins, making it a prospective candidate
for the development of new anti-cml (chronic myelogenous leukemia) therapeutics,
according to the findings of the study (Wang et al., 2013). Both 3-anhydro-6-
hydroxyophiobolin A and ophiobolin K share the same a tricyclic ophiobolin skeleton.
The difference in the skeleton were addition of double bond at position 3\4 and hydroxy
group at C6 in 3-anhydro-6-hydroxyophiobolin A. Also, different substitution at position
15 was observed in 3-anhydro-6-hydroxyophiobolin A. There has been no report about
the anticancer activity for terretonin F. Terretonin F was isolated from the marine-derived

fungus A. insuetus, which was obtained from the sponge Petrosia ficiformi. It was only
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reported to inhibit the integrated chain of NADH oxidase activity with an 1Csp value of
1.2 uM. Therefore inhibiting the mitochondrial respiratory chain that is of importance in
degenerative diseases such as Parkinson’s and Huntington’s diseases. (Lopez-Gresa et
al., 2009). Terretonin N was isolated from the thermophilic fungus A. terreus TM8 and
demonstrated significant antiproliferative activity against ovarian cancer cells (SKOV3)
and metastatic prostate cells (PC-3), with 1Cso values of 1.2 g/mL and 7.4 g/mL,
respectively. The investigated fungal metabolites elevated early and late apoptotic rates
with little or no necrotic apoptotic pathway. The outcomes of this study supported
terretonin N's potential biological properties as an anticancer agent through stimulation of
apoptosis. (Ghfar et al., 2021).

Terretonin F and N were structurally related, both having four rings. Terretonin F has 12
degrees of unsaturation whereas terretonin N has 8. The additional four degrees of
unsaturation in terretonin F accounted for two double bonds between C1/C2 and C5/C6,
and two carbonyl moieties at positions 3 and 7. Furthermore, a methyl ester moiety was
substituted at C14 in terretonin F and at C3 in terretonin N. In addition, a hydroxy moiety

was bounded to C11in terretonin N.
7.3. Relationship between Jordanian chamomile and its endophyte

Endophytes are harmless to their hosts' tissues and have a beneficial relationship with
plants (Grayer and Kokubun, 2001). Endophytic interactions are not usually the case.
These interactions can also be parasitic (Kaul et al., 2012). Endophytes have been found
in stems, leaves and roots of the plant (Taylor and Taylor, 2000). So, there's a possibility
of horizontal genetic information transmission between hosts and endophytes (Stierle et
al., 1993). As a result, it is possible that the same biosynthetic pathway has evolved in
both the host plant and the endophyte, resulting in the synthesis of secondary metabolites

that are comparable in both species (Bémke and Tudzynski, 2009, Alvin et al., 2014).

Endophytic fungi and bacteria are living creatures that do not have chlorophyll and so,
they do not have the capacity to photosynthesise. Therefore, they spend the majority of

their life cycles colonising host species, particularly plants, in search of carbon and energy
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sources, without exhibiting any visible signs of illness (Grayer and Kokubun, 2001, Nisa
et al., 2015). However, plants benefit from the secondary metabolites that are generated
by endophytes. It is considered that the capacity of a plant to adapt to biotic and abiotic
stress factors is influenced by the secondary metabolites generated by the endophytes in
the plant's environment (Giordano et al., 2009). Thus, a plant's biological defence against
pathogens is maintained by its symbiotic interaction with endophytes (Alvin et al., 2014).
This can be accomplished by the endophyte releasing antibacterial, antifungal, antiviral,
or insecticidal secondary metabolites that directly attack the pathogens and lyse the
affected cells, or by inducing the host plant's defence mechanism and promoting its growth
in order to compete for cell apoptosis, thereby enhancing the host plant's growth and
competitiveness in nature (Alvin et al., 2014, Nisa et al., 2015, Strobel and Daisy, 2003,
Kloepper and Ryu, 2006). Additionally, the secondary metabolites produced by
endophytes may aid the host plant in adapting to harsh environmental circumstances. The
synthesis of phytohormones accelerates the development of plants colonised by specific
endophytes (Owen and Hundley, 2004).

In this study, the Jordanian chamomile plant was used. Chamomile is a flowering plant,
which was used in traditional folk medicine for centuries, and it is widely distributed
around the globe (Singh et al., 2011). Among medicinal plants, it is commonly referred to
as the star (Schilcher, 1987). Chamomile contains around 120 different secondary
metabolites. The most important metabolites include sesquiterpenes, flavonoids,
coumarins, and polyacetylenes, those compounds families have proved different

biological activities (Pirzad et al., 2006).

Chamomile contains 0.2-2% of volatile oil, the major components are essential oil and
flavonoids, which have several biological activities. Apigenin and its glycosides are the
most promising flavonoids (Schilcher, 1987). German chamomile flowers contain a
higher concentration of terpenoids and chamazulene (a deep blue volatile principle) than
Roman chamomile flowers, while Roman chamomile flowers generate ester-like

compounds. (Srivastava et al., 2010).
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In this study, Jordanian chamomile produced 3,5-di-O-caffeoylquinic acid (F8-ChJ)
which exhibited the most potent antioxidant activity with ECso value of 147 puM. Two
endophytes, A. ustus and A. solani, were isolated from M. chamomilla based on their
chemical profile and biological activity. A. ustus extracts produced compounds that have
anticancer activity against breast cancer cells (ZR-75). In the literature, five fungal
endophytes have been isolated from M. chamomilla from North-eastern of Iran, which
included Phoma haematocycla, Paramyrothecium roridum, Stemphylium amaranthi,
Xylariaceae sp., Epicoccum nigrum and Didymella tanaceti. The isolated endophytic
fungi were tested for their ability to produce L-asparaginase, which is used as first line of
treatment in acute lymphoblastic leukaemia (Theantana et al., 2009).

Endophytes can produce bioactive compounds that plants employ to defend themselves
against pathogens, and some of these substances have been shown to be effective in the
identification of new drugs. Recent investigations have identified hundreds of natural
compounds from endophytes, including alkaloids, terpenoids, flavonoids, and steroids.
The majority of bioactive compounds extracted from endophytes have been shown to have
antibacterial, immunosuppressive, anticancer, and biological control activity (Joseph and
Priya, 2011).
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8. Conclusion and Future Work

The present project aimed to investigate the differences in the production of secondary
metabolites of two chamomile varieties grown under different environmental conditions.
The Jordanian chamomile was collected with exact geographical information; however,
no precise collection location could be obtained for the European chamomile. In Jordan,
chamomile is only grown in gardens for individual use and not cultivated for commercial
applications. Unlike the European chamomile, which has been widely cultivated in such
countries like Germany and UK and sold commercially as herbal remedy for alternative
medicine. In addition to that is the isolation of anticancer-active metabolites against
breast cancer from plant endophytic fungi obtained from M. chamomilla. A
metabolomics-guided isolation approach was applied, using NMR and HR-LC/MS as
analytical platforms to pinpoint possible bioactive discriminating metabolites. Further
fermentation and growth parameters were optimised on the endophytic fungi to improve
the production yield of the respective bioactive target metabolites. The DNP database was
employed as a dereplication tool using an Excel MACRO that allowed the identification

of known metabolites.

8.1 Metabolomic profiling of potential anticancer and antioxidant metabolites

from European and Jordanian chamomile for targeted isolation work

M. chamomilla is one of traditional folk medicinal plants used for centuries. It was used
for the treatment of several disease including stomachache, flatulence, carminative,
gingivitis, diuretic, anti-inflammatory, aromatic, and acute respiratory infection. Both
European and Jordanian chamomile were obtained from same species but the different
geographical location. Different chemical profile and biological activities were expected,
which was confirmed after analysis of their similar NMR, HR-LC/MS data, and biological

results.

After fractionation of EtOAc of two chamomile varieties, both European and Jordanian

chamomile fractions produced dicaffeoyl quinic acid isomers that exhibited an antioxidant
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activity with ECsp values of 603 (F11-ChE) and147 (F8-ChJ) uM. However, the Jordanian
variant exhibited the most potent antioxidant activity because dicaffeoyl quinic acid was
present as a major compound in high concentration. This was rationalised due to the warm
and dry weather in Jordan which lead to increase the concentration of polyphenols
(Nogués et al., 2014).

Nevertheless, it was clear that the European chamomile were producing more classes of
metabolites, as shown by the metabolomic data analysis. The isolated target compounds
were all known compounds. The results revealed that chrysosplenetin (F2-ChE) and
apigenin (F8-ChE) compounds from European fractions had anticancer activity against
ZR-75 cells with 1Cso values of 1.94 and 1.41 pM, respectively. Those compounds were
also assayed for their toxicity against human foreskin fibroblast cells (HS-27) and both
were not toxic and selective. In addition, glucoferulic acid (F12-ChE) from European
chamomile displayed antioxidant activity with ECso values equal to 436 pM. Changes in

metabolite production were perceived between two varieties.

According to the results, the compounds chrysosplenetin (F2-ChE) and apigenin (F8-ChE)
from European fractions exhibited anticancer activity against ZR-75 cells with respective
ICso values of 1.94 and 1.41 pM. These compounds were also tested for their toxicity
against human foreskin fibroblast cells (HS-27), both were selective and nontoxic. In
addition, glucoferulic acid (F12-ChE) demonstrated antioxidant activity with an ECsg
value of 436 puM. It was observed that there were differences in the production of
metabolites between the two varieties. The different environmental condition to which the
Jordanian and European chamomile were exposed to affect the type of the isolated

compounds

8.2. Metabolomic profiling of potential anticancer metabolites from M.

chamomilla associated endophyte

The preliminary bioassay screening of the initial crude extract showed inhibition against

breast cancer cell growth at greater than 80%. The extract gave an 1Cso value of 1.3 pg/mL.
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ITS gene sequencing was performed to determine the taxonomy of the fungi that produced
extracts with anticancer properties. These fungi included A. ustus and A. solani. A. ustus
was then further optimised on four different media namely, Wickersham broth, potato-
dextrose, oat and rice. According to the AlamarBlue® assay results, in addition to its
chemical profile, the uniqueness of the extracts was determined by multivariate analysis.
A. ustus was scaled-up on potato-dextrose medium, incubated for 30 days at 27C°. The
scaled-up crude extracts of A. ustus was fractionated by MPLC. Multivariate analysis of
'H NMR between active versus inactive fractions identified several distinct chemical
fingerprints belonging to the active fractions. Also, integrating HR-LCMS data with
chemometric analysis, such as PLS-DA, OPLS-DA, S-plots along with the bioactivity
results of the fractions of A. ustus were used to identify the presence of active metabolites

in the samples.

Further fractionation was performed on Factions -11 and -12 from the extract derived from
the potato-dextrose with an average breast cancer cell inhibition of more than 95% at
30pg/mL with 1Cso value of less than 5.5 pg/mL. Multivariate analysis was applied again
to predict the most statistically probable bioactive metabolites of A. ustus and were
targeted for further isolation and elucidation work. An available online processing
platform such as MZmine and an in-house excel Macro was coupled to DNP to readily
identify the bioactive metabolites. Seven compounds were isolated, three drimane
sesquiterpenes derivatives including 9a-hydroxy-6a-[(2E,4E,6E)-octa-2,4,6-
trienoyloxy]-5a-drim-7-en-11,12-olide (F11-23), ustusolate E (F11-29-8) and E,E)-6-
(6’,7'-dihydroxy-2',4'-octadienoyl)-strobilactone A (F12-11-2). Terretonin F (F11-29-6),
ophiobolin K (F11-17). Additionally, two linoleic acid derivatives including 1,2’
diolinolein (F11-11) and 3'-hydroxy-2'-(palmitoyloxy) propyl (9Z,12Z)-octadeca-9,12-
dienoate (F11-12). All the predicted bioactive compounds were generated by an OPLS-
DA S-plot of the mass spectral data obtained by direct infusion. Interestingly, these
targeted and isolated compounds exhibited good activity against the tested breast cancer
cell with 1Cso values less than 6 uM. Only the isolated bioactive compound F11-12 was

not detected amongst the target metabolites predicted by multivariate analysis. Therefore,
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HR-LCMS and NMR-based metabolomics were effective in predicting active compounds
from A. ustus against breast cancer cells.

Metabolomics approach was also accomplished on analysing the optimum condition for
medium-scale fermentation of A. solani. Five different media were utilised including,
Wickersham broth, potato-dextrose, oat, rice, and malt extract. However, A. solani was
discontinued for further scale-up and isolation work due to loss of bioactivity during
media optimisation. Multivariate analysis of the production of metabolites were done to
attempt to explain the changes occurring in the fungal strains during the media
optimisation. The chemical profiles of A. solani extract grown on MAmedia for
preliminary screening were compared to those obtained from the other five different media
employed for media optimisation work. However, chemical profiles of the extracts of the
fungi incubated on the various media were all found to be different. Media variation
affected the chemical profile of the afforded extracts.

8.3. Future work

Some of the putatively active target compounds could not be isolated due to their low
yield in the crude extracts, as a result, the scale-up fermentation volume or starting
biomass should be increased. The use of hyphenated NMR, such as cryoprobe NMR, may
be used to analyse pure compounds weighing less than 1 mg. Measurement of optical
rotation for some of the isolated were needed such as glyceryl linoleate derivatives and
F12-11-2 will be needed to help determine the relative stereochemistry of the isolated
lipids, which was not possible to be currently done at the University of Strathclyde.
Despite the outstanding in vitro activities of the isolated compounds, it is believed that the
in vivo potential of the chosen active metabolites will ultimately lead to a greater

understanding of their exact mechanisms of action.

Nowadays, the identification of novel secondary metabolites produced by endophytes is

becoming to be a more difficult task. To optimise the production of novel bioactive fungal
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metabolites, different other strategies could have been used. Interactions between bacteria
and fungus inside the host plant create competition for nutrients and spaces, that stimulates
the biosynthesis of bioactive secondary metabolites. Numerous investigations have shown
that the interaction between bacteria and fungi could generate active secondary
metabolites. A co-cultivation method that applies stress conditions between fungus or
fungi and bacteria could have also been employed to improve the production yield of the
target metabolite (Kalaitzis, 2013, Nah et al., 2013, Stevens et al., 2013, Zhang et al.,
2017). In a co-culture system, the two species will develop in symbiosis or compete until
they reach an equilibrium phase. This will include interactions between the two species
that will leash to produce metabolites that are not produced in a one-strain environment
(Zhang et al., 2017). Although, A. solani showed evidence for an unstable production of
its secondary metabolites with loss of bioactivity during the scale-up process, small new
scale-up fermentations could be repeated using a variation of other culture conditions to

verify the stability the production of its anticancer metabolites.
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10. Appendix

Appendix 1 : nucleotide sequence of Aspergillus ustus

>1-ITS1

cTGCcncGGGecaGGCCTAACCTCCcaCCCGTGAATACCTGACCAACGTTGCTTCGGCGG
TGCGCCCCCCCGGGGGTAGCCGCCGGAGACCACATTGAACCTCTTGTCTTTAGTGTTGT
CTGAGCTTGATAGCAAACCTATTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATC
GATGAAGAACGCAGCGAACTGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATC
GAGTCTTTGAACGCACATTGCGCCCCCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGT
CATTGCTGCCCTTCAAGCCCGGCTTGTGTGTTGGGTCGTCGTCCCCCCTGGGGGACGGG
CCCGAAAGGCAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCG
CTCGATTAGGGCCGGCCGGGCGCCAGCCGGCGTCTCCAACCTTCTATTTTACCAGGTTG
ACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAANNGgA

>1- ITS1-EDIT
GCCTAACCTCCCACCCGTGAATACCTGACCAACGTTGCTTCGGCGGTGCG
CCCCCCCGGGGGTAGCCGCCGGAGACCACATTGAACCTCTTGTCTTTAGT
GTTGTCTGAGCTTGATAGCAAACCTATTAAAACTTTCAACAATGGATCTC
TTGGTTCCGGCATCGATGAAGAACGCAGCGAACTGCGATAAGTAATGTGA
ATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACATTGCGCCCCC
TGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTTCAAGC
CCGGCTTGTGTGTTGGGTCGTCGTCCCCCCTGGGGGACGGGCCCGAAAGG
CAGCGGCGGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCG
CTCGATTAGGGCCGGCCGGGCGCCAGCCGGCGTCTCCAACCTTCTATTTT
ACCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATAT
CAA

>1-1ITS4

gatCcGAGGTCACCTGGTAAAATAGAAGGLTGGAGACGCCGGCTGGCGCCCGGCCGGLL
CTAATCGAGCGGGTGACAAAGCCCCATACGCTCGAGGACCGGACGCGGTGCCGCCGLTG
CCTTTCGGGCCCGTCCCCCAGGGGGGACGACGACCCAACACACAAGCCGGGCTTGAAGG
GCAGCAATGACGCTCGGACAGGCATGCCCCCCGGAATGCCAGGGGGCGCAATGTGCGTT
CAAAGACTCGATGATTCACTGAATTCTGCAATTCACATTACTTATCGCAGTTCGCTGCG
TTCTTCATCGATGCCGGAACCAAGAGATCCATTGTTGAAAGTTTTAATAGGTTTGCTAT
CAAGCTCAGACAACACTAAAGACAAGAGGTTCAATGTGGTCTCCGGCGGCTACCCCCGG
GGGGGCGCACCGCCGAAGCAACGTTGGTCAGGTATTCACGGGTGGGAGGTTAGGCCTGC
CCGGGGGCAGACCTGCACTCGGTAATGATCCTTCCGCAGGTEtnACCCTACGGAAY
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>1- ITS4-EDIT
TGGAGACGCCGGCTGGCGCCCGGCCGGCCCTAATCGAGCGGGTGACAAAG
CCCCATACGCTCGAGGACCGGACGCGGTGCCGCCGCTGCCTTTCGGGLCCC
GTCCCCCAGGGGGGACGACGACCCAACACACAAGCCGGGCTTGAAGGGCA
GCAATGACGCTCGGACAGGCATGCCCCCCGGAATGCCAGGGGGCGCAATG
TGCGTTCAAAGACTCGATGATTCACTGAATTCTGCAATTCACATTACTTA
TCGCAGTTCGCTGCGTTCTTCATCGATGCCGGAACCAAGAGATCCATTGT
TGAAAGTTTTAATAGGTTTGCTATCAAGCTCAGACAACACTAAAGACAAG
AGGTTCAATGTGGTCTCCGGCGGCTACCCCCGGGGGGGCGCACCGCCGAA
GCAACGTTGGTCAGGTATTCACGGGTGGGAGGTTAGGCCTGCCCGGGGGC
AGACCTGCACTCGGTAATGATCCTTCCGCAGG

BLAST result of A. ustus showing 100% similarity
Download GenBankGraphics Next Previous Descriptions

A. ustus strain ATCC 58983 18S ribosomal RNA gene, partial sequence; internal
transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence

Sequence ID: AY373874.1Length: 594Number of Matches: 1

Range 1: 57 to 559GenBankGraphics Next Match Previous Match

Alignment statistics for match #1

Score Expect Identities Gaps Strand
929 bits(503) 0.0 503/503(100%) 0/503(0%) Plus/Plus
Query 1

GCCTAACCTCCCACCCGTGAATACCTGACCAACGTTGCTTCGGCGGTGCGCCCCCCCGGG 60

FErrrrerrerrerrerrerrerterrrrrertert ettt ettt ettt et
Sbijct 57
GCCTAACCTCCCACCCGTGAATACCTGACCAACGTTGCTTCGGCGGTGCGCCCCCCCGGG 116

Query o6l
GGTAGCCGCCGGAGACCACATTGAACCTCTTGTCTTTAGTGTTGTCTGAGCTTGATAGCA 120

CErrrrrrrrrrerrrrertrrreerrrrrrtrr ettt ettt ettt ettty
Sbjct 117
GGTAGCCGCCGGAGACCACATTGAACCTCTTGTCTTTAGTGTTGTCTGAGCTTGATAGCA 176

Query 121
AACCTATTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCG 180
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CEErrrerrrrrrrrrrertrrre ettt rertrtr ettt ettt ettt ettty
Sbijct 177
AACCTATTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAACGCAGCG

Query 181
AACTGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACA

CErrrrerrerrerrerrerrerterterrert ettt ettt ettt ettt ettt ety
Sbijct 237
AACTGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAACGCACA

Query 241
TTGCGCCCCCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTTCAAGC

CEErrrerrrrrrrrrrertrrre ettt rertrtr ettt ettt ettt ettty
Sbjct 297
TTGCGCCCCCTGGCATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTTCAAGC

Query 301
CCGGCTTGTGTGTTGGGTCGTCGTCCCCCCTGGGGGACGGGCCCGAAAGGCAGCGGCGGL

CErrrrrrrrrrrrr et et et et ettt rrrrr ettt et et et
Sbijct 357
CCGGCTTGTGTGTTGGGTCGTCGTCCCCCCTGGGGGACGGGCCCGARAGGCAGCGGCGGT

Query 361
ACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGATTAGGGCCGGCCGGG

CErrrrrrrrrrrrr et et et et ettt rrrrr ettt et et et
Sbjct 417
ACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCCGCTCGATTAGGGCCGGCCGGG

Query 421
CGCCAGCCGGCGTCTCCAACCTTCTATTTTACCAGGTTGACCTCGGATCAGGTAGGGATA

CEEEr et et ettt e ettt rtrt e ettt ettt ettty
Sbijct 477
CGCCAGCCGGCGTCTCCAACCTTCTATTTTACCAGGTTGACCTCGGATCAGGTAGGGATA

Query 481 CCCGCTGAACTTAAGCATATCAA 503

FETTEETTEErrrrr el
Sbjct 537 CCCGCTGAACTTAAGCATATCAA 559
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Appendix 2 : nucleotide sequence of A. solani
>1-ITS1

GGGCTGGCaCCTCCCGGGGTGGCCaGCCTTGCTGAATTATTCCACCCGTGTCTTTTGCG
TACTTCTTGTTTCCTTGGTGGGCTCGCCCACCACAAGGACCAACCCATAAACCTTTTTG
CAATGGCAATCAGCGTCAGTAACAATGTAATAATTTACAACTTTCAACAACGGATCTCT
TGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAATTGCAGAAT
TCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATG
CCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCGTCTTTTTGTCT
CCCCTTGCGGGAGACTCGCCTTAAAGTCATTGGCAGCCGGCCTACTGGTTTCGGAGCGC
AGCACAAGTCGCGCTCTCTTCCAGCCCCAAGGTCTAGCATCCACCAAGCCTTTTTTTTC
AACTTTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAANCGG
AGGAa

>1- ITS1-EDIT

GGGCTGGATGATGCGGGCTGGCACCTCCCGGGGTGGCCAGCCTTGCTGAATTATTCCAC
CCGTGTCTTTTGCGTACTTCTTGTTTCCTTGGTGGGCTCGCCCACCACAAGGACCAACC
CATAAACCTTTTTGCAATGGCAATCAGCGTCAGTAACAATGTAATAATTTACAACTTTC
AACAACGGATCTCTTGGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGT
GTGAATTGCAGAATTCAGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTA
TTCCAAAGGGCATGCCTGTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGG
GCGTCTTTTTGTCTCCCCTTGCGGGAGACTCGCCTTAAAGTCATTGGCAGCCGGCCTAC
TGGTTTCGGAGCGCAGCACAAGTCGCGCTCTCTTCCAGCCCCAAGGTCTAGCATCCACC
AAGCCTTTTTTTTCAACTTTTGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGC
ATATCAATAAGCGGAGGAA

>1-ITS4

GTTGAAAAAAAAGGCTTGGTGGATGCTAGACCTTGGGGCTGGAAGAGAGCGCGACTTGT
GCTGCGCTCCGAAACCAGTAGGCCGGCTGCCAATGACTTTAAGGCGAGTCTCCCGCAAG
GGGAGACAAAAAGACGCCCAACACCAAGCAAAGCTTGAGGGTACAAATGACGCTCGAAC
AGGCATGCCCTTTGGAATACCAAAGGGCGCAATGTGCGTTCAAAGATTCGATGATTCAC
TGAATTCTGCAATTCACACTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCCAGAA
CCAAGAGATCCGTTGTTGAAAGTTGTAAATTATTACATTGTTACTGACGCTGATTGCCA
TTGCAAAAAGGTTTATGGGTTGGTCCTTGTGGTGGGCGAGCCCACCAAGGAAACAAGAA
GTACGCAAAAGACACGGGTGGAATAATTCAGCAAGGCTGGCCACCCCGGGAGGTGCCAG
CCCGCCTTCATATTTGTGTAATGATCCCTCCGCAgGTTCACCtACGGAa
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>1- ITS4-EDIT
GTTGAAAAAAAAGGCTTGGTGGATGCTAGACCTTGGGGCTGGAAGAGAGCGCGACTTGT
GCTGCGCTCCGAAACCAGTAGGCCGGCTGCCAATGACTTTAAGGCGAGTCTCCCGCAAG
GGGAGACAAAAAGACGCCCAACACCAAGCAAAGCTTGAGGGTACAAATGACGCTCGAAC
AGGCATGCCCTTTGGAATACCAAAGGGCGCAATGTGCGTTCAAAGATTCGATGATTCAC
TGAATTCTGCAATTCACACTACTTATCGCATTTCGCTGCGTTCTTCATCGATGCCAGAA
CCAAGAGATCCGTTGTTGAAAGTTGTAAATTATTACATTGTTACTGACGCTGATTGCCA
TTGCAAAAAGGTTTATGGGTTGGTCCTTGTGGTGGGCGAGCCCACCAAGGAAACAAGAA
GTACGCAAAAGACACGGGTGGAATAATTCAGCAAGGCTGGCCACCCCGGGAGGTGCCAG
CCCGCCTTCATATTTGTGTAATGATCCCTCCGCAgGTTCACCLACGGAa

BLAST result of A. solani showing 100% similarity

A. solani isolate AS-14 internal transcribed spacer 1, partial sequence; 5.8S ribosomal
RNA gene and internal transcribed spacer 2, complete sequence; and large subunit
ribosomal RNA gene, partial sequence

Sequence ID: KY462708.1Length: 539Number of Matches: 1

Range 1: 2 to 539GenBankGraphicsNext MatchPrevious Match

Alignment statistics for match #1

Score Expect Identities Gaps Strand

994 bits(538) 0.0 538/538(100%) 0/538(0%) Plus/Plus

Query 13
GCGGGCTGGCACCTCCCGGGGTGGCCAGCCTTGCTGAATTATTCCACCCGTGTCTTTTGC 72

Lrrrrrrrererrerrerrrrerrrrrrrerrrr et ettt e
Sbjct 2
GCGGGCTGGCACCTCCCGGGGTGGCCAGCCTTGCTGAATTATTCCACCCGTGTCTTTTGC 61

Query 73
GTACTTCTTGTTTCCTTGGTGGGCTCGCCCACCACAAGGACCAACCCATAAACCTTTTTG 132

Crrrrrrrrrrrrer e et erererrrrrrrr et ettt ettt e
Sbjct 62
GTACTTCTTGTTTCCTTGGTGGGCTCGCCCACCACAAGGACCAACCCATAAACCTTTTTG 121

Query 133
CAATGGCAATCAGCGTCAGTAACAATGTAATAATTTACAACTTTCAACAACGGATCTCTT 192
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Sbjct 122
CAATGGCAATCAGCGTCAGTAACAATGTAATAATTTACAACTTTCAACAACGGATCTCTT 181

Query 193
GGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAATTGCAGAATTC 252

CEErrrerrrrrrrrrrertrrre ettt rertrtr ettt ettt ettt ettty
Sbijct 182
GGTTCTGGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAGTGTGAATTGCAGAATTC 241

Query 253
AGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATGCCT 312

CErrrrerrerrerrerrerrerterterrert ettt ettt ettt ettt ettt ety
Sbjct 242
AGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTTTGGTATTCCAAAGGGCATGCCT 301

Query 313
GTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCGTCTTTTTGTCTCCCC 372

RN RN RN R RN R RN R R NN RN R RN RRRNRRRNERRERREERRY
Sbjct 302
GTTCGAGCGTCATTTGTACCCTCAAGCTTTGCTTGGTGTTGGGCGTCTTTTTGTCTCCCC 361

Query 373
TTGCGGGAGACTCGCCTTAAAGTCATTGGCAGCCGGCCTACTGGTTTCGGAGCGCAGCAC 432

CErrrrrrrrrrrrr et et et et ettt rrrrr ettt et et et
Sbijct 362
TTGCGGGAGACTCGCCTTAAAGTCATTGGCAGCCGGCCTACTGGTTTCGGAGCGCAGCAC 421

Query 433
AAGTCGCGCTCTCTTCCAGCCCCAAGGTCTAGCATCCACCAAGCCLLELLttttCAACTTT 492

CEErrrerrerrerrerrerrerterterrertert ettt ettt ettt ettt et
Sbjct 422
AAGTCGCGCTCTCTTCCAGCCCCAAGGTCTAGCATCCACCAAGCCTTTTTTTTCAACTTT 481

Query 493 TGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA
550

Sbjct 482 TGACCTCGGATCAGGTAGGGATACCCGCTGAACTTAAGCATATCAATAAGCGGAGGAA
539
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Appendix 3: dilution curves of Aspergillus ustus against ZR-75 and HS-27 cells

Effect of F11-11 on ZR-75 cells
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Figure 1: Dilution curves for the compounds isolated from A. ustus when tested against
breast cancer (ZR-75) cell line to determine their ICso values in uM.
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Effect of F11-11 on HS-27 cells

Effect of F11-12 on HS-27 cells
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Figure 2: Dilution curves for the compounds isolated from A. ustus when tested against
normal fibroblast Foreskin (HS-27) cell line to determine their ICsq values in uM
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