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Abstract

Fungal producing potency of camptothecin (CPT) raissthe % hpe for their usage to be a platform for industrial produc-
tion of CPT, nevertheless, attenuation of their prodiutivigy of Cii Pwith the subculturing and preservation is the chal-
lenge. So, screening for novel endophytic fungahisore s witha reliable CPT-biosynthetic stability was the objective.
Among the isolated endophytic fungi from thftested riydicinal plants, Aspergillus terreus OQ642314.1, endophyte

of Cinnamomum camphora, exhibits the hi€hestiield of CPT (89.4 ug/l). From the NMR, FT-IR and LC-MS/MS analyses,
the extracted CPT from A. terreus gave ##fe Same stiy Zture and molecular mass fragmentation pattern of authentic CPT
(349 m/z). The putative CPT had a sigi‘ificant agtivity against MCF7 (0.27 uM) and HEPG-2 (0.8 uM), with a strong affin-
ity to inhibits the human Topoisomeras iyl acivity (ICs, 0.362 pg/ml) as revealed from the Gel-based DNA relaxation
assay. The purified CPT displayé Smstrong antimicrobial activity for various bacterial (. coli and B. cereus) and fungal
(A. flavus and A. parasiticus) isolatesger. 2ing the unique tertiary, and stereo-structure of A. terreus for penetrating

the microbial cell walls 2@ @sargeting the topoisomerase I. The higher dual activity of the purified CPT as antimicrobial
and antitumor, emph€ligze 1 3eir thtrapeutic efficiency, especially with growth of the opportunistic microorganisms
due to the suppredsten G auman immune system with the CPT uses in vivo. The putative CPT had an obvious activity
against the tugfCisell (MCEY) metastasis, and migration as revealed from the wound healing assay. The overall yield
of A. terreus MR'F wasihaximized with the Blackett-Burman design by twofolds increment (164.8 ug/l). The CPT yield
by A. terzalis wis successively diminished with the multiple fungal subculturing, otherwise, the CPT productivity of A.
terreus wasgstorg ¥, and increased over the zero culture upon coculturing with C. camphora microbiome (1.5% w/v),
ensGi g thetysloring of CPT biosynthetic potency of A. terreus by the plant microbiome-derived chemical signals
ARORrgEaksemMmunication”. This is the first report exploring the feasibility of A. terreus "endophyte of C. camphora”

to beyoreliminary platform for commercial production of CPT with a reliable sustainability upon uses of indigenous
C. cambhora microbiome.
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Introduction

Camptothecin (CPT) is a monoterpene indole alkaloid
that originally identified from the barks and stems of
Camptotheca acuminata (Happy tree), with potential
broad spectrum anticancer activity [1]. Camptothecin
derivatives have been recognized as one of the most
commercial anticancer drugs after taxol and vincristine
[2], with broad activity towards various types of solid
tumors and chemotherapeutic-resistant tumors [3, 4].
The pivotal antiproliferative efficiency of CPT elaborates
from their affinity to interfere with the topoisomerase
I of tumor cell comparing to normal cells, stopping the
relaxation of DNA supercoiling of the successive-divided
tumor cells, causing cellular division arrest [5]. The sta-
bility of developed CPT-Topoisomerase I ternary com-
plex, triggers the cellular apoptosis, preventing the DNA
replication, an ultimately cell death [5, 6]. Camptothecip
sources and availability are the major challenges for ful&ll
the global required amounts especially in the develfpin

countries. In addition to C. acuminata, camptothiecini Jas
been recognized to be produced from varioud slant ger:

era namely Ervatamia, Merrilliodendroy,\Opr hrrhiza
and Mostuea [7], inhabiting China andgindra, comjaring
to the other geographical niches. How iver, thejtiny yield
of this compound from these plants, wit jthedfeavy man-
date, causing a harvesting of th Jgmlants, subsequently
causing a negative effect on the ngtufal’ Cosystem [8—10],
in addition to the restriglic ) of tilese plants to specific
geographical niches. #iJsegmunttie metabolic yields of
the bioactive compOuhds“ rived from plants are natu-
rally of low abug{daise, complexity in extraction in addi-
tion to theigg@iverse “dgmaticity [11-13]. So, screening
for uncony®ntidnal sources with higher CPT productivity
is the currer:fchall’hge. Endophytic fungi of the medici-
nal gf1ai )s witi Veraditional ethnopharmacological uses
hdvi hefmmmasidered as an unexploited reservoir of vari-
ous bivstive secondary metabolites, for the horizontal
gene transfers and sharing the diverse molecular biosyn-
thetic machineries of plant host and their endogenous
microbiome [13-16]. Camptothecin has been reported
to be produced firstly from Entrophospora infrequens
“endophyte of Nothapodytes foetida” [17-19], followed
by a plethora of reports authenticate the possessing of
various endophytic fungi for the camptothecin biosyn-
thetic machineries [13, 16, 20—22].

Practically, the fungal producing potency of camp-
tothecin elevates the prospective of industrial produc-
tion of camptothecin [8-10], that might be due to their
fast growth rate, feasibility of bulk biomass production,

feasibility of metabolic engineering and indépcidénce hn
the environmental conditions [8, 11, 18,23, 24].< hufier-
ous studies reporting the productiofi"}f camptethecin
core by various fungal endophpeCd inhi hitifig differ-
ent medicinal plants were stated| for example Fusarium
solani [25, 26], Trichodermal ati yiridefand Aspergillus
spp. [13, 27, 28], Alterndric yalterrnace, Fomitopsis sp.,
Phomopsis sp. [26]. Atwergillusyterreus, endophyte of
Ficus elastica [15], Gestro g parqui [14], A. flavus “endo-
phyte of Astragalsgfruticoss. ;] [13], Penicillium chrysoge-
num “endozojdnf Ciona sp.” [29], were reported as CPT
producers. Also," amptothecin has been reported to be
produce@fom Neu Ospora sp., an endophyte of Notha-
podytes fogtice W9, and Aspergillus sp. “endophytes of C.
acuminata\, [27]. However, the sequential reduction and
bolic weakening of CPT productivity by fungi is the
challe \ge that halts the fungal implementation for further
amnsercial production of CPT [8-10, 13-15, 29, 31]. So,
thi "objective of this study was to isolate a novel fungal
5solate from the medicinal plants with ethnopharmaco-
logical relevancies, with an affordable metabolic stabil-
ity of CPT production, to assess the antiproliferative and
biological activity of the putative compound comparing
to the authentic one.

Materials and methods

Plant samples, isolation and identification of the recovered
endophytic fungi

Based on their pharmacological relevancies, seven plants
namely; Cinnamomum camphora, Hibiscus rosa, Ficus
elastica, Callisteman lancealatus, Lantana camera,
Cynancum acutum and Catharanthus roseus were col-
lected from the Botanical Garden of Mansoura Univer-
sity, Mansoura, Egypt, during August/September/2020.
The fresh plant parts “twigs and leaves” were explanted
from the plants, transferred to the lab, sectioned into
small segments, surface sterilized, washed, and plated
into the surface of potato dextrose agar (PDA) [20-22].
After incubation for 8 days at 30 °C, the developed fungal
tips were collected and purified [22]. The recovered fungi
were identified according to their macro- and micro-
scopical features [32, 33]. The potent CPT-producing
isolate was molecularly identified based on the sequence
of its internal transcribed spacers (ITS) sequences using
genomic DNA as PCR template, according to our previ-
ous studies [22, 34—36]. The ITS sequences were BLAST
searched non-redundantly on the NCBI database, aligned
with Clustal W muscle algorithm by MEGA X software
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[37, 38], and the phylogenetic relatedness was raised by
neighbor-joining method of 50 bootstrap replication [39].

Screening for CPT producing fungal endophytes

The isolated fungal endophytes were screened for their
CPT producing potency by growing on potato dex-
trose broth (PDB) [20]. A plug of 6 days old PDA cul-
ture was inoculated to PDB medium, incubated at 30 °C
for 20 days, the cultures were filtered, centrifuged at
5000 rpm for 10 min, and the supernatant was extracted
with dichloromethane: methanol (4:1) [17, 18]. The
organic phase was collected, concentrated to a crude
oily extract, and fractionated by pre-coated silica gel
TLC plates (60 F254, Merck KGaA, Germany) with the
developing solvent system chloroform: methanol (9:1,
v/v) [15]. Biological triplicates of each fungal isolate were
conducted. The TLC plate was visualized at A,5;, nm, and
the putative CPT spots with the same color and mobility
rate of authentic CPT (Cat. 7689-03-4) were considered,
and their intensities were assessed by Image ] pack;
age. The putative spots of CPT-containing silica wihe
scraped-off and the CPT was extracted and detefined
by HPLC (YOUNG In, Chromass) with RP-C18aoltn
(Cat. #959963-902) with methanol/ water (604 2 v/v) at
flow rate 1.0 ml/min, scanned by photodigdy,arre hdetec-
tor for 20 min. The purity and concenffation of the CPT
samples were assessed from the reten ion timd and area
of the peak at A;5 nm, compared to ti pautifentic CPT
[13, 29, 40].

The absorption spectra of theypdriycd CPT samples
were scanned by the J&\)Vis &pectrophotometer at
A200-600 nm, compaic ) tegifafent concentrations of
the authentic CPTA 13, 14, 29]. Methanol was used as a
blank baseline fgfr z yoing thZ spectrophotometer.

FT-IR, NMR aii ,LC-F'S analyses

Ther'IUR spe ¥ra of the sample were assessed in the
rang ot MA#4000 cm™' with KBr discs, compared to
authen )y /PT. The extracted CPT samples were dis-
solved in CHCI;, and their structural identity was
resolved by 'HNMR (JEOL, ECA-500II), the chemi-
cal shifts (8-scale) and coupling constants (Hz) were
expressed by ppm [13, 14, 29].

The chemical identity of the extracted CPT was
resolved by LC-MS/MS (Thermo Scientific LCQ Deca
mass spectrometer equipped with an electrospray source)
[11, 13, 14, 22, 29]. The ion trap was scanned from 300
to 2000 m/z, and the mass scan was recorded at 300 to
2000 Da. The structure of the compound was identified
based on their mass spectral fragmentations and reten-
tion time by NIST mass spectral library [29, 41].
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Antimicrobial activity of the extracted CPT
The antimicrobial activity of the extracted sample
was assessed towards various bacterial isolates: Bacil-
lus cereus (EA226) and Escherichia coli (JKT441014)
and fungal isolates, Aspergillus flavus (VIiR3F1414)]1,
AUMC13892) and A. parasiticus (AUME14094)," i ell-
diffusion method [34, 42—45]. The badt()al isolytes were
seeded into Mueller Hinton agarsfiddia, “jepfa hole of
9 mm diameter was made and 1¢D ul of the P T solution
at concentrations 10, 50, 804nd 30 ppin were injected
into the wells. The plateg"wie incavated at 37 °C for
2 days, the diameters gfthe inhi #5fon zones were meas-
ured, compared to 19 DI RO as fiegative control. As well
as, the antifungalagstivity o, ¥he extracted CPT towards
various fungalisoldres; Aspergillus flavus and A. para-
siticus was assess_ L. Olie ml of spore suspension of each
fungal is@iate was ¢ eded with molten PDA, the media
was poured Ll Wiates, incubated for 6 h, and then 100 pl
of each coricentration of the extracted CPT was pipetted
nremace-holes of the plate cultures. The plates were
incub ted at 28 °C for 5 days, then the inhibition zones
Yamyg cer of fungal growth was measured (mm), compar-
ing to 1% DMSO, as a negative control.

Antiproliferative activity of the extracted CPT

The activity of the extracted CPT was assessed against
liver carcinoma (HepG-2), and breast carcinoma (MCF?7)
tumor cell lines with MTT assay [45]. The 96-well micro-
titer plate was seeded with 10% cells per well, incubated
overnight at 37 °C, then amended with various CPT con-
centrations, then further incubated for 48 h. The MTT
reagent was added and incubated for 6 h, and the devel-
oped formazan complex with purple color was measured
at A, nm. The ICy, value was expressed by the CPT con-
centration reducing the growth of 50% of the initial num-
ber of cells, compared to the controls (without drug).

Kinetics of DNA topoisomerase | inhibition in response

to the extracted CPT

The human topoisomerase I activity was assessed based
on converting of the supercoiled circular DNA into
relaxed DNA “DNA relaxation reaction” [46], in which
the relaxed DNA suppresses the fluorescent inten-
sity than the supercoiled DNA of the fluorescence dye
H19 (Cat. #. HRA020K, ProFoldin, Hudson, USA). The
reaction mixture of human Topo I assay contains HT
buffer, 84 pl of 10x supercoiled plasmid DNA, 8 ul of
1500x Dye H19 and 550 pl of 10x H19 dilution buffer,
in 96-well plate, incubation for 60 min at room tempera-
ture. Different concentrations of the tested compounds
were amended to the reaction mixture. One unit is the
enzyme activity was represented by the required amount
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of enzyme for relaxing of supercoiled DNA in 30 min at
37 °C, the florescence intensity was measured at Ag5; nm
at excitation A,g; nm [46, 47].

Wound healing assay in response to extracted CPT

The influence of extracted CPT on the wound heal-
ing, cells migration ability of the tested tumor cells was
assessed [48, 49]. Briefly, the MCF7 cells were seeded at
5% 10° cells per 60 mm plate, grown to form a confluent
monolayer, then with a micropipette tip, a wound/scratch
was made. The plate were rinsed with PBS and treated
with the crude extract of CPT at their IC,; value. Plates
treated with an equal volume of DMSO as control was
used. The wound closure due to the cell migration was
monitored and imaged by the phase-contrast micros-
copy. The wound healing was determined based on the
area percentage of gap of the drug-treated cells, com-
pared to DMSO treated cells, as control.

Nutritional optimization of CPT yield by A. terreus

by the Plackett-Burman design

To assess the optimal nutritional requirements of A. tax-
reus for maximum yield of CPT, the effect of difffrens
types of media, elicitors, incubation time, tempera e,
different carbon and nitrogen sources weg studie
Various physicochemical parameters; maliflext:)st, cal-
cium chloride, incubation time, peptom€, ducrose, ffuc-
tose, glucose, salicylic acid, pH, cyst{ine, yeagt extract,
sodium citrate, sodium acetate, ferrict hlorige, glycine,
sodium chloride, starch, coppé Wulfate diid potassium
di-hydrogen phosphate were Optizin. 7 by Plackett—
Burman design to maxis@e the|productivity of CPT
by the selected fungus€ 13, /241,42, 50-52]. Nineteen
parameters were a#58ssec by Plackett—Burman design,
represented by b{g (+ 1) an«'low (—1) levels. Statistical
nutritional opgintizati ) bioprocessing could be a favora-
ble methog{to gvaluate’the interactions of the independ-
ent factors <) thel» consequences on the response CPT
yield#G Jike to (€ traditional optimization method (one-
fadl-al 4ime)‘(40]. The first ordered polynomial model
equatiih, (Eq. 1) was calculated from the coefficient of
determiration (R2), and F-test. The main effects were
determined using Eq. 2, the significant factors were vali-
dated, and the model accuracy was calculated (Eq. 3).

Y =80+ BiXi (1)

Y is the CPT vyield (pg/l), B, is the model intercept, f5; is
the factor estimate and X; represents the factor.

Main effects = Z (+1)/n(+1) — Z ﬁ’ @
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YExperiment

Model accuracy = x 100. (3)

Y catcutated

The significant variables of the Placket#*burman
Design (PBD), affecting the CPT productivity v thafyn-
gus were further optimized by the Central Ciapgéite
Design (CCD). A second-order polys{ mial modit was
executed for predicting the optimusiy, cori jonejits of the
CPT production medium (Eq. 4);

Y = Bo+ IBiX; + Thuls + WBiiXs, (4)

B; is the variables regrafsion coe Sgient, B; is the regres-
sion coefficient of sqflare (iffects,’and P is the regression
coeflicient of thejggeractiorn:

Metaboligbiosynthizstability of CPT by A. terreus

with the fing Jsubculturing and storage

The produgdivity of CPT by A. terreus with the multiple
suhculturingyywas determined. The first CPT producing
isola()) “zero generation” was subcultured to 10 genera-
sions )22, 27, 28, 53] with 10 days lifespan. The isolate
wgown on the optimized CPT producing media, and
CPT was extracted and quantified. The CPT productivity
by the fungal isolate responsive to storage periods as slop
cultures at 4 °C was assessed [13, 22, 28, 31, 42]. The pro-
ductivity of CPT was assessed monthly along 10 months,
and the CPT was extracted and quantified by the stand-
ard assay as mentioned above.

Restoring the productivity of A. terreus upon addition

of different extracts and surface sterilized leaves

of Cinnamomum camphora

The influence of organic acids extracts namely ethanol,
chloroform, acetone, methanol, and methylene chlo-
ride of C. camphora leaves on restoring the fungal CPT
productivity was evaluated. The leaves of C. camphora
were pulverized (5 g) in the solvents (50 ml) overnight,
and evaporated till 20 ml. The extracts were clarified by
centrifugation and amended to the 5 days old cultures,
incubated for 15 days under the standard conditions, and
then the CPT was extracted and quantified [4, 8, 22, 28,
31, 53].

The impact of the surface sterilized leaves parts of
C. camphora on restoring the CPT by A. terreus was
assessed [8, 22, 28, 31]. The surface sterilized leaves of
C. camphora were sectioned and added to the 5 days old
fungal culture grown on PDB at different concentrations
(0.1-3.0% w/v), and the cultures were re-incubated for
15 days. Sterilized C. camphora leave parts inoculated
into blank PDB media were used as negative controls.
After cultural incubation, the yield of CPT was assessed
by the TLC and HPLC as described above.
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RT-qPCR expression analysis of the CPT rate-limiting
biosynthetic genes

The molecular expression analysis of the rate-limiting
genes of CPT biosynthesis is one of the most sophisti-
cated assays to authenticate the overall metabolic yield
of CPT [15]. The most committed steps of CPT biosyn-
thesis are controlled by secologanin synthetase (SLS),
strictosidine synthase (STR), strictosidine p-glucosidase
(SGD) and tryptophan decarboxylase (TDC) (Kutchan
et al. [54], Mcknight et al. [55]). The primers of sis
5 -TGCTCAACTGGGCGTATTT-3, 5'-CCTCAT
CCTGTTGTTCCTCTTAG-3', str 5'-CTAG TGCCAT
GCTCTCCATTT-3', 5 -GTCTGGTGTTCGGATCGT
ATTT-3', and sgd 5-TATG GTAGAGGCCCGAGTA
TTT-3',5 -CTGTG-GGTAGTCGCCATTTATC-3’, and
tdc 5'-CAAGCCCATCGTATGGTA GATT-3', 5 -GAT
TCGTAGTGAGTGCCCTTAG-3" were used. The fungal
mycelial pellets were pulverized to a fine powder and the
total RNA was extracted using IQeasy = plus Plant Mini
Kit (Cat#. 17491, iNtRON Biotech. Korea), and reverse
transcribed to ¢cDNA by SuperScript III First Strand
Synthesis Kit (Invitrogen, USA) with oligo-dT primss,
The RT-qPCR reaction mixtures contain cDNAL for}
ward and reverse primers, and iQ" SYBR Greem, Su M-
mix (Bio-Rad, USA), using the real-time PG\ machir:
(Agilent Technol., Stratagene Mx3005P). Tile i SR was
programmed to initial denaturation aty95*C for J min,
followed by 40 cycles of 95 °C for 15's, 55 °Q for 30 s,
72 °C for 1 min. Melting curve analyse: herefperformed
at 55-95 °C. Triplicates of each\ Wmnle were conducted.
The data were normalized to the {ossts utively expressed
actin actaA gene of A. £ kus a\) endogenous control.
The expression folds #idhe/ quaatsgenes were calculated
from standard curye of re.Jsive quantification. The folds
of change were gl Mated regarding to the zero culture of
A. terreus, 5thdgulture pneration, and 5th culture genera-
tion amenged with différent concentrations of the surface
sterilized lex}¢s of £ camphora.

Fungai_»position

Aspergilius terreus EFBL-CC and Penicillum scleroti-
genum EFBL-FE were deposited to the Genbank with
accession numbers 0Q642314.1 and 0OQ686969.1,
respectively.

Statistical analysis

Biological triplicates of each experiment were conducted
and the results were represented by means+SD. The
statistical analysis was assessed with one-way ANOVA
(analysis of variance, SPSS software v.18), and the means
were compared with Duncan’s test at 0.05 level.
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Results

Isolation and screening for CPT-producing endophytic
fungal isolates

Seven medicinal plants; Cinnamomum camphbraHibis-
cus rosa, Ficus elastica, Callisteman lancealdtv: 3iantaya
camara, Cynancum acutum and Catharanthus yoebeus
have been used for isolation of the {G)zal entophytes.
Thirty-one fungal isolates were regévered t hmsthe twigs,
and leaves of the plants on PDA faedia, identified accord-
ing to their morphological fghtur % by the universal fun-
gal identification keys. Thgse 1 Jagal ciidophytes belong to
two species Aspergillydiand Per fium that represented
by 90% and 10%, re€pecyely. Tne productivity of CPT
was assessed bysfmgal gré Ying on PDB media under
the standard 4 nadi ions, .then, CPT was extracted and
quantified Sand 1" }LC (Additional file 1: Table S1, Fig. 1).
From th@greening) jrofile, the highest yield of CPT was
determined ro. W8pergillus terreus (1A) (89.4 pg/l), an
endophyteOf Cinnamomum camphora, Penicillium scle-
#Ppuum (£8) (80.2 pg/l), an endophyte of Ficus elastica,
and A4 \terreus (3E) and A. flavus (4E) (20-22 ug/1), endo-
avtes of Lantana camara (Fig. 1). From the HPLC anal-
ys)., the CPT sample of A. terreus, P. sclerotigunm had
he same retention time at 5.33 min of the authentic CPT.
While, the other isolates of fungi from the experimented
plants had a nil-to-tiny amounts of CPT vyield. The sig-
nificant fluctuation on the CPT productivity by A. ter-
reus (1A), an endophyte of C. camphora, and A. terreus
(3E), an endophyte of L. camara, ensures the effect of the
fungal-plant interaction, plant biological identities on
regulating the targeted expression of secondary metabo-
lites “CPT” biosynthetic genes. So, it could be deduced
that the biological identity of the plant have a significant
impact on the identity of their indigenous microbiome, in
addition to their metabolic and physiological pattern.

Morphological and molecular identification of the potent
CPT producing fungal isolates

The morphological features of the potent CPT-pro-
ducing fungal isolate A. terreus “endophyte of C. cam-
phora” were identified according to the standard keys
[32, 33, 56, 57]. As well as, the morphological identity
of Penicillium sclerotigenum was identified accord-
ing to the reference keys [32, 56—58]. The identity of
the potent CPT-producing fungi were further ensured
based of on their ITS sequence, using fungal genomic
DNA as template for PCR. The PCR amplicon size was
900-1000 bp (Fig. 2). The ITS region amplicon of A. ter-
reus EFBL-CC was sequenced, and searched on NCBI
database with a 99.9% similarity with the data-base
deposited ITS sequences of A. terreus with 99% query
coverage and zero E-value, with Genbank accession
number OQ642314.1. The phylogenetic tree of the A.
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MF848988.1, MH424608.1, MH562044.1, MF447153.1,
KY425727.1, KT778597.1, OW988488.1 with E value
zero and query coverage 99%. The ITS sequence of Pen-
icillium sclerotigenum was deposited to the Genbank
with accession number Q686969. The ITS sequence of
P. sclerotigenum isolate displayed a 90% similarity with
P sclerotigenum MH874325.1, NG069854.1, 56-70%
similarity with P. polonicum MT582786.1, LC134246.1,
KX958079.1, KX958077.1, MT582786.1, P. grisoeoful-
vum MHS877007.1, P. aurantiocandidum MH856348.1,
MH856349.1, and MH861314.1.
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Chromatographic, spectroscopic validation of the chemical
identity of extracted CPT

The chemical identity of the extracted CPT from A. ter-
reus was confirmed from the FT-IR, H NMR, and LC-
MS/MS analyses, compared to authentic sample. After
cultural incubation, CPT was extracted, fractionated by
TLC, and the assumed CPT spots were scarped-off from
the TLC silica gel, and checked by HPLC. The putative
CPT as resolved from the TLC and HPLC (Fig. 3A),
were undergoes further chemical analyses. From the
FT-IR spectra (Fig. 3B, C), CPT of A. terreus had an
identical spectral pattern of standard CPT. The peaks
of 3406.6 and 3393.3 cm™!, refers to the stretches of
hydroxyl and amide groups. The peaks of 2923.5, 1729.8
and 1604.5 cm™! allocated to stretches of the aliphatic
CH, ester groups and aromatic rings, respectively. The
maximum stretching frequency of COO was observed at
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C 45% | MH866761.1 P. commune
MH873748.1 P. neoechinulatum

MG714818.1 P.cellarum

MH867900.1 P. aurant
MH870886.1 P. tyrbatul

Penicillium scler

1268.9 cm
mati nd

e phak at 1029.8 cm™! refers to the aro-

nds. As well as, the resolved signals
e putative CPT sample were distributed
1.0 and 8.0 ppm, typical to the authentic CPT.
The projon signals resolved at 1.0-2.5 ppm were refers
to methyl, acetate and acetylene groups, but the signals
of aromatic moieties were committed at 7.0-8.4 ppm
(Fig. 3D).

From the results of LC-MS/MS, A. terreus CPT gave
the same molecular mass/charge ratio 349 m/z, and the
same structural fragmentation pattern of Camptotheca
acuminata CPT [59] (Fig. 3E). From the first mass spec-
tra, the molecular ion peak of 349 m/z [M+H]+ identi-
cal to the formula C, H,(N,O, was resolved at retention
time 7.95 min. The parent molecule of CTP (3489 m/z)
was fragmented by a second LC-MS applying collision

NG 069811.1 P. neoechinulatum
459 —{ MH877428.1 P. chrysogenus
MH877433.1 P. chrysog

348.1 P.aurantiocandidum
3491 P aurantiocandidum
1314 1 P. aurantiocandidum
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QV

OwWo 12.1 A terreus
owog4511.1 AL terreus
E VVO85080.1 A terreus
985220.1 A. terreus
VVOB5952 1 A terreus
OVVoe85953.1 A. terreus
OWVWo87465.1 A terreus
oOwvvo88074.1 A. terreus
OWVVO88465. 1 A citrinoterreus
OVvVvo88488.1 A.terreus
KT778597 .1 A terreus
KY425727.1 Aterreus
MF447153. 1 A terreus
MHS62044.1 Aterreus
MH424608.1 A terreus
MF848988.1 A. terreus
MF848990.1 A terreus
MIK351266.1 Aterreus
MG256022.1 A terreus
MHS865311.1 Aterreus
MH865977 .1 A terreus
MH741436.1 Aspergillus sp.
MN114540.1 Aspergillus sp
MN173141.1 A terreus
MNS559622 1 A terreus
MN818690.1 A. terreus
MTS529307.1 A terreus
MTS30191.1 Aterreus
KX009126. 1 Aspergillus sp
O0Q642314 Aterreus EFBL2023

energy, fragments of 57.08, 168.14, 206.1, 220.03, 221.04,
248.05, 249.04, 277.07, 298.6 and 305.06 m/z were recov-
ered (Fig. 3F, J), gave an identical molecular fragmen-
tation pattern of the standard one. The ESI-MS/MS
fragment ion at m/z 305 is produced by the cleavage of
C,gH;;NO,. The fragment ions at 168.1 and 206.1 m/z
reveals losses of two carbonyl group moieties, confirm-
ing the structural chemical identity of the compound as
a CPT. So, from the chromatographic and spectral analy-
ses, the extracted A. terreus CPT had the same chemical
and spectral properties of authentic CPT.

Antimicrobial activity of the putative CPT from A. terreus

The antimicrobial activity of the secondary metabo-
lites was recognized as a marker for their proliferative
activity [3, 28]. After fungal cultures incubation, CPT
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onated. Different concentra-
dyC were evaluated towards vari-

. flavus and A. parasiticus”. From the
, the extracted CPT from A. terreus dis-

and furfgal isolates in a concentration-dependent pat-
tern, as revealed from the inhibition zones. The inhibi-
tion zones of B. cereus and E. coli were approximated
by 20-30 mm, in response to the 15 ug/ml of A. terreus
CPT, comparing to negative control. Obviously, the
purified CPT has a higher activity against E. coli than
B. cereus that might be attributed to the identity of cell
walls of both Gram positive and negative bacteria. As
well as, the purified CPT displayed a noticeable activity
against A. flavus and A. parasiticus in a concentration-
dependent pattern. At higher concentration of purified
A. terreus CPT (15 pg/ml), the inhibition zones were

100.00 j 150.00 T 200.00 T 250.00 T 300,00 ! 35000

10-15 mm of A. flavus and A. parasiticus, normalizing
to methanol as negative control. From the results, the
antibacterial activity of extracted A. terreus CPT was
obviously higher than the antifungal activity.

Antiproliferative activity, topoisomerase | inhibition

and wound healing activity of A. terreus CPT

The antiproliferative activity of the purified A. ter-
reus CPT was assessed against HepG-2 and MCEF-7 cell
lines. The viability of HepG-2 and MCEF-7 was meas-
ured in response to different concentrations of purified
CPT, as revealed from the IC;, values. The extracted A.
terreus CPT had a substantial activity against MCEF-7
and HepG-2 as revealed from the IC,, values that were
0.27 pM, and 0.8 uM, respectively (Fig. 5). The IC,, val-
ues of camptothecin extracted from different endophytic
fungal isolate towards various tumor cell lines were sum-
marized in Table 1. From the tumor cellular viability,
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A B. cereus

isolates of the extracted CPT

the purified A. terreus CPT had a high€r activity aj,ainst
MCEF-7, than the authentic CPT about ) twofolds,
revealing the specific structural activi nships of

the purified CPT to bind with
addition to targeting another m
structural organelles.

The affinity of puri
the activity of
assessed by t

oisomerase I, in
process and/or

A. terreus to inhibit
omplex assay. The Topoi-

ended with different concen-

1 7), the ICy, value of A. terreus CPT for
I inhibition was 0.362 pg/ml, comparing

T
to To an (0.586 pg/ml). The kinetics of inhibition
Topoisoinerase 1 in response to different concentrations

of A. terreus CPT, and the linear equations for calculating
the IC;, values were shown in Fig. 5B. So, the affinity of
A. terreus CPT to bind with human topoisomerase I was
higher than commercial CPT-derivatives “Topotecan” by
about twofolds.

The effect of A. terreus CPT on the wound healing of
MCE-7 cells was assessed, by investigating the wound
closure after 24 and 72 h, comparing to untreated cells
(control). The scratch/gap closure was obviously sup-
pressed upon addition of A. terreus CPT than control
cells with the incubation time (Fig. 6A). Obviously, the
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A. parasiticus  A. flavus

ic bacteria and fungi. The putative CPT spots were
ations of the putative CPT (5, 10 and 15 pg/ml) was applied

wound healing of the homogenous monolayer of MCE-7
cells was approximated by about 55.5%, comparing to
97% of control cells (without CPT), after 72 h (Fig. 6B).
The suppression of wound healing upon addition of A.
terreus CPT, ensures the interference with the cell regen-
eration, cell divisions, and matrix formation of the tumor
cells MCEF-7.

Plackett-Burman design bioprocess of CPT production

by A. terreus

Aspergillus terreus was nutritional optimized to maxi-
mize their CPT vyield, since the chemical components of
the medium are pivotal for production of fungal bioac-
tive compounds. The nutrients for growth of A. terreus
were optimized by Plackett—Burman design as 1st order
model equation to assess the significant factors affect-
ing CPT production. Nineteen parameters of the dif-
ferent carbon, and nitrogen sources of CPT precursors,
and growth modulators and physical factors of A. terreus
were studied with their lower and higher values (Table 2).
The significant independent parameters effecting CPT
productivity of A. terreus, with the predicted and cor-
responding actual responses, and coefficient of deter-
mination (R2 0.98), were summarized (Tables 3, 4). The
F-value (9.8), p-value (<0.0007) and adjusted determina-
tion coefficient (Adj. R2=0.92) refers to the efficiency of
the model. The main effects, normal probability of the
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A A. terreus CPT Topotecan

H P 100 25 6.3 1.6 0.4 100 25 6.3 1.6 0.4

0.8

ICso value (nM)

0.2 4

HepG-2
Fig. 5 Antiproliferative activity and Topoisomerase
DNA relaxation Assay in response to A. terreus CPZ-
Antiproliferative activity of A. terreus CPT towart
linhibition in vitro

Table 1 The IC50 values
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E
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A. terreus CPT

Topotecan

HepG-2 apd MCF-7. D The IC50 Value of A. terreus CPT and authentic Topotecan for Topoisomerase

Fungal isolate HepG-2 MCF-7 HCT-116 References
Aspergillus terreus O€542 Cinnamomum camphora 0.8 0.27 - This study
Cestrum parqui 0.96 14 - [14]
Cliona sp. 033 - 035 [29]
Astragalus fruticosus 09 1.2 1.35 [13]
Ficus elastica 0.73 0.18 043 [15]

tested factors were plotted (Fig. 7), revealing the signifi-
cance of six different independent factors; pH, incubation
time, salicylic acid, peptone, glucose, and glycine that
have a positive effect on A. terreus productivity of CPT,
while three different factors have a negative effect on the
CPT productivity; ferric chloride, calcium chloride and
malt extract. The maximum yield of CPT (127.6 ug/l) and
the lowest CPT vyield (16.8 pg/l) was recorded at run 4
and run 22, respectively. From the ANOVA analyses, the

model was highly significant as reveled from the values
of Fisher’s f-test 9.87 and probability p-value 0.0007. The
actual yield of A. terreus CPT was fluctuated from 127.6
to 16.2 pg/l, confirm the significance of the tested vari-
ables on biosynthetic mechanism of the CPT. The high-
est actual yield of CPT by A. terreus was 127.6 pg/l. So,
the optimal components for the maximum CPT pro-
duction by A. terreus contains peptone (10 g/l), glucose
(10 g/1), calcium chloride (0.1 g/1), cysteine (4 g/l), malt
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A Control

A. terreus CPT

Fig. 6 Wound healing assay of the MCF7-72 cellf’in response t
24 h of growth of MCF-7 as homogenous mon
then the wound healing/closure was measured
healing of the MCF7 cells in response t

g/1), at pH 7, incubated
is obviously clear that the
or CPT production by A. ter-

Optimization of CPT production by A. terreus with Central
Composite Design

A Central Composite Design (CCD) was implemented
to optimize the variable “pH, incubation time, glucose,
peptone, calcium chloride and ferric chloride” and inter-
action among the previous factors on the CPT produc-
tion by A. terreus. Each variable has five levels as shown
in (Table 5). Interaction between factors and variance of
the linear in addition to analysis of quadratic effect were
shown in (Table 6). The factors were considered to be sig-
nificant when p-value <0.1. The analysis of variance and
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. terreus CPT after 24 and 48 h comparing to the untreated cell lines (control). After
yer, a scrgtch was made and the tested CPT was added to the well at final concentration 0.25 UM,
, 24 and 72 h of incubation at standard conditions (A). The percentage of wound

parameter of the response of CCD were summarized in
(Table 7). The interaction between the variables on the
production of CPT was shown in (Fig. 7). In case of the
interaction between X1 (pH) and X4 (glucose), the range
of the optimum glucose concentration was 6-25 g/l for
the studied response (CPT) while the optimum pH was
7-11. In case of the interaction between X1 (PH) and
X16 (Ferric chloride) the range of the optimum Ferric
chloride conc. was 0.1-0.9 g/l for the studied response
(CPT) while the optimum pH was 8—12. In case of the
interaction between X2 (Incubation time) and X16 (Fer-
ric chloride) the range of the optimum Ferric chloride
concentration was 0.3—-1 g/ for the CPT yield response.
In case of the interaction between X2 (incubation time)
and X4 (glucose) the range of the optimum Peptone con-
centration was 7-27 g/l for the studied response (CPT)
while the incubation time was 15-30 days. The 3 D
response surface plots were shown to define the effect
of interaction among the factors and production of CPT
(Fig. 8).
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Table 2 The coded and actual values for the tested variables

Codes Factors Levels

-1 1
X1 pH 2 7
X2 Incubation time 7 16
X3 Peptone 0.5 10
X4 Glucose 2 10
X5 Calcium Chloride 0.1 04
X6 Cysteine 4 8
X7 Malt extract 4 10
X8 Fructose 4 10
X9 Sucrose 4 10
X10 Salicylic acid 2 4
X1 Sodium chloride 0.1 04
X12 Yeast extract 2 8
X13 Potassium dihydrogene- 0.1 04

phosphate

X14 Sodium citrate 1 4
X15 Sodium acetate 1 4
X16 Ferric chloride 0.1 0:
X17 Glycine 1
X18 Starch 2 1
X19 Copper sulphate 0.1
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Biosynthetic stability of CPT by A. terreus
with the subculturing and storage

The productivity of CPT by A. terreus with the s
subculturing and storage was assessed. The hi

stability of CPT by fungi is the major challe s
their uses for the further industrial applications. rst
isolate of A. terreus was preserved es on

PDA for 8 days at 30 °C, then sub
eration, and their productivity ¢f CPT
Obviously, the productivitydof

sequentially reduced wi

ag’ determined.

A. terreus was
ring (Fig. 9). The
erreus (127 pg/l) was
5th ‘generation (60.3 pg/l).

bc

reduced by ~ 2.5-fol

terreus y about 50% after 5 months storage
as slope e yield of CPT by the first culture of
A. terreus (1,38 pg/l) was decreased into 66.1 pg/1 by stor-

onths, i.e. twofolds reduction of CPT yield

months storage (Fig. 9). After 12 months of fun-

srage, the biosynthetic potency of CPT by A. terreus

wgs attenuated by about 94%, comparing to zero stored
ulture.

Table 3 Matrix of Plackett-Burman experimghtal tdesign

Std.order X1 X2 X3 X4 X5 X6 X8 X10 X11 X12 X13 X14 X15 X16 X17 X18 X19 CPTyield (png/l)
1 7 7 05 2 01 10 2 04 8 0.1 1 4 04 1 15 0.1 224
2 7 16 05 0 4 4 0.1 8 04 1 1 04 4 2 04 968
3 7 16 05 4 10 2 0.1 2 04 4 1 0.1 4 15 0.1 87.2
4 7 16 10 4 4 4 04 2 0.1 4 4 0.1 1 15 04 1276
5 7 16 4 4 2 0.1 8 0.1 1 4 04 1 2 04 724
6 2 1 10 18 10 4 4 2 04 2 04 1 1 04 4 2 0.1 456
7 7 01 8 10 10 4 2 0.1 8 0.1 4 1 0.1 4 15 0.1 90
8 2 01 8 10 10 10 2 0.1 2 0.4 1 4 0.1 1 15 04 252
9 10 01 8 10 10 10 4 0.1 2 0.1 4 1 04 1 2 04 736
10 2 04 4 10 10 10 4 0.1 2 0.1 1 4 0.1 4 2 0.1 87.2
1 . 10 04 8 4 10 10 4 04 2 0.1 1 1 04 1 15 0.1 364
12 7 10 10 04 4 10 4 10 4 04 8 0.1 1 1 0.1 4 2 04 448
13 7 7 10 2 04 8 4 10 4 4 04 8 0.4 1 1 0.1 1 15 0.1 85.6
14 7 16 05 2 04 8 10 4 10 2 04 8 04 4 1 0.1 1 2 04 456
15 2 16 05 10 01 4 10 10 4 4 04 8 04 4 4 0.1 1 2 0.1 364
16 2 7 10 10 04 4 4 10 10 2 0.1 8 04 4 4 04 1 2 0.1 204
17 7 7 10 2 01 8 4 4 10 4 04 2 04 4 4 04 4 2 0.1 90
18 2 16 05 2 04 8 10 4 4 4 0.1 8 0.1 4 4 04 4 15 0.1 364
19 7 7 05 10 04 4 10 10 4 2 04 2 04 1 4 04 4 15 04 456
20 2 16 10 2 01 4 4 10 10 2 04 8 0.1 4 1 04 4 15 04 448
21 2 7 05 10 01 8 4 4 10 4 0.1 8 04 1 4 0.1 4 15 04 448
22 2 7 10 2 04 4 10 4 4 4 0.1 2 04 4 1 0.4 1 15 0.4 16.8
23 2 7 0.5 2 04 8 4 10 4 2 04 2 0.1 4 4 0.1 4 2 04 224
24 2 7 05 2 01 4 4 4 4 2 0.1 2 0.1 1 1 0.1 1 2 0.1 204
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Table 4 Regression statistics and analysis of variance (ANOVA) for Plackett—Burman design

Source DF Sum of square Mean square F-value P-value
Intercept 20 13.3828 0.66914 16.36 Q022
X1 1 7.3041 7.30407 178.54 0001
X2 1 0.7073 0.70727 17.29 2025
X3 1 0.8664 0.086640 2148 @019
X4 1 0.4483 044827 96 0.045
X5 1 0.3553 0.355327 8.68 0.060
X6 1 0.0081 0.00807 0.20 0.687
X7 1 0.0363 0.83627 " 0.020
X8 1 0.0028 0.00262 0.07 0.810
X9 1 0.1411 0.1417 345 0.160
X10 1 14308 1426602 439 0.01
X11 1 0.0150 0150 0.73 0.558
X12 1 0.0368 0082 0.90 0413
X13 1 0.0384 0.0384 0.94 0.404
X14 1 0.1067 67 261 0.205
X15 1 0.0840 0.08402 2.05 0.247
X16 1 0.3504 0.35042 8.57 0.061
X17 1 0.6080 0.60802 14.86 0.031
X18 1 0.0013 0.00135 0.03 0.867
X19 1 0.00015 0.00 0.956

0.0041

Regression statistics

R square (%) Adjusted R square (%)

adicted F'square (%)

99.09 93.03 41.84

Restoring the productivity of A. te . CPT by C. camphora
extracts and its indigenous microbjosie
Weakening of the funga”C i productivity is the meta-
bolic change that haicythimimdastrial applications of
fungi, and the depgfidénce }Sthis machinery on the plant
derived signalsgs v g best aifordable concept justifying
this physiolggisal feat s [3, 9, 13, 14, 17, 28]. To vali-
date this gfsundption, different extracts of C. camphora
were made, ¢ 'ded £5 5-days old of A. terreus 7th cultural
gengfati n, gro, h on the optimum production medium,
CP i wsidmyracted and quantified by HPLC. As shown
from ti)data (Fig. 9), the organic solvent extracts “chlo-
roform,“acetone, methanol, ethanol and dichlorometh-
ane” of C. camphora had no noticeable effect on restoring
the biosynthesis of CPT by A. terreus (Fig. 9C). The nega-
tive effect of the utilized wide-range polarity of solvents
on the yield of CPT, negates the association of prompting
signals from the host plants, or weakening of these sig-
nals during the downstream extraction processing.
Profoundly, the productivity of CPT by A. terreus was
proportionally increased with the addition of surface
sterilized parts of C. camphora leaves. Negative controls
of the plant microbiome only were used without spores of
A. terreus. The CPT productivity of the 7th of A. terreus

was completely restored (180 pg/l) by 1.5% leaves of C.
camphora, i.e., by about 1.5-folds higher than the 1st A.
terreus culture (Fig. 9). With the high inducing effect at
1.5%, the yield of CPT by A. terreus upon addition of 3%
leaves of C. camphora was slightly reduced. Thus, with
addition of the indigenous C. camphora microbiome,
the biosynthetic machinery of CPT of A. terreus was
reinstated. So, the probability of releases of indigenous
endophyte/microbiome of the plant tissues, and intimate
growth with A. terreus triggering the CPT biosynthesis, is
the most conceivable hypothesis.

RT-qPCR analyses of A. terreus CPT biosynthetic-rate
limiting genes in response to subculturing

and amendment with of C. camphora leaves

The rate limiting genes of CPT biosynthesis “secolo-
ganin synthetase (SLS), strictosidine synthase (STR),
strictosidine p-glucosidase (SGD) and tryptophan
decarboxylase (TDC)” by A. terreus were illustrated
in Fig. 10A. The molecular expression of sis, str, sgd
and tdc genes of A. terreus in response to subcultur-
ing and addition of C. camphora leaves parts has been
evaluated by the RT-qPCR (Fig. 10A). The RNA of
each fungal cultures was isolated, reverse transcribed
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Fig. 7 Bioprocess optimization of CPT
chart illustrating the significance of each
standardized effect. D Norm

Table 5 Variable
for incubatio

calcium chlgide

Levels

-2 -1 0 +1 +2
X1 (PH 25 3 7 11 14
X2 (incubation time) 3 7 14 14 22
X3 (peptone) 5 53 12.5 20 303
X4 (glucose) 5 53 12.5 20 30.3
X5 (calcium chloride) 0.1 04 0.6 0.8 1
X16 (ferric chloride) 0.1 04 0.6 0.8 1

into cDNA, used as template for qPCR, with the cor-
responding primers. The expression fold change was
normalized to the actinA gene as house-keeping gene.
From the results (Fig. 10B, C), a noticeable suppression

A Pareto Chart of the Standardized Effects D Normal Probability Plot
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A. terreus with the Plackett-Burman experimental design and FCCD designs. A Pareto
Normal probability plots of the standardized residuals. C Half-normal Plot of the absolute
e residuals. E Yield of CPT with the residuals

to the expression of the sis, str, sgd and tdc genes with
the fungal subculturing. By the 5th subculture, the
expression of these genes was reduced by about 50%,
compared to the zero culture of A. terreus, that being
coincident with the overall decreasing on the yield of
CPT. However, upon addition of the surface sterilized
parts of C. camphora, the metabolic potency of the
attenuated A. terreus 5th culture for CPT biosynthe-
sis has been completely restored (180 pg/l), and over
increased than the zero culture (125.7 pg/l). To evalu-
ate this metabolic process, the expression of the rate-
limiting genes of CPT biosynthesis was analyzed. The
expression of sls, str, sgd and tdc genes of A. terreus
was increased by about 4.0 to 4.5-folds by addition of
the surface sterilized leaves of C. camphora at 1.5%
(Fig. 10D, E). Practically, the increasing on the expres-
sion of the tested rate-limiting genes was highly cor-
related with restoring the overall CPT yield with the
addition C. camphora leaves that might be due to the
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Table 6 Matrix and responses of the CCD for the significant physical and chemical factors affecting on the production of CPT

CPT yield (ug/l)

Std. order X2 Xl X4 X3 X16 X5

1 7 3 5 5 04 04

2 22 3 5 5 04 0.8 0.

3 7 11 5 5 04 08 61.20
4 22 1 5 5 04 04 156.0
5 7 3 20 5 04 08 00
6 22 3 20 5 04 0. 72.60
7 7 1M 20 5 04 4 79.20
8 22 11 20 5 04 120.60
9 7 3 5 20 04 0.8 61.20
10 22 3 5 20 04 4 61.20
1 7 1M 5 20 04 108.00
12 22 1M 5 20 0.8 120.60
13 7 3 20 20 04 1.20
14 22 3 20 20 0.8 4.80
15 7 M 20 20 0.8 97.20
16 22 11 20 04 145.20
17 7 3 5 08 7.20
18 22 3 5 04 9.00
19 7 1M 5 04 90.60
20 22 11 5 08 187.20
21 7 3 5 04 420
22 22 3 5 08 75.00
23 7 11 2 5 08 99.00
24 22 1M 20 5 04 181.20
25 7 3 5 20 04 7.20
26 22 5 20 08 3.60
27 7 5 20 08 840
28 22 5 20 04 74.40
29 7 3 20 20 0.8 54.00
30 20 20 04 60.60
31 1 20 20 04 61.26
32 11 20 20 . 08 157.80
33 34 7 125 125 06 06 60.00
34 4 7 12.5 12.5 0.6 0.6 120.60
35 14.5 26 125 125 06 06 30.00
3 14.5 16.6 12.5 12.5 0.6 0.6 75.00
37 14.5 7 534 125 0.6 06 72.60
38 14.5 7 304 125 06 06 99.00
39 14.5 7 125 54 0.6 06 120.60
40 14.5 7 125 304 0.6 06 159.00
41 14.5 7 12.5 12.5 03 0.6 132.60
42 14.5 7 125 125 1.1 0.6 60.00
43 14.5 7 125 125 06 0.2 91.20
44 14.5 7 125 125 0.6 1.1 75.00
45 14.5 7 125 125 06 06 90.60
46 14.5 7 12.5 12.5 0.6 0.6 117.00
47 14.5 7 125 125 0.6 0.6 120.00
48 14.5 7 125 125 06 06 120.00
49 14.5 7 125 125 0.6 0.6 157.20
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Table 6 (continued)

Std. order X2 Xi X4 X3 X16 X5 CPTgyield (ug/l)
50 14.5 7 125 125 0.6 0.6 1116

51 14.5 7 12.5 12.5 0.6 0.6 118.80

52 14.5 7 125 125 0.6 0.6 145.2(

53 14.5 7 12.5 125 0.6 0.6 20

Table 7 Analysis of variance of the CCD experiment for the  Discussion

calculated responses

Source DF Sum ofsquare Meansquare Fvalue Pvalue
Regression 27 345096 1.2781 520 0.000
Linear 6 17.8470 3.8618 15.70 0.000
X2 1 4.1434 4.6555 18.93 0.000
Xl 1 125198 16.5267 67.18 0.000
X4 1 0.8453 11134 453 0.043
X3 1 0.0012 0.1614 0.66 0.0426
X16 1 03172 03172 1.29 0.0264
X5 1 0.0201 0.0201 0.08 04777
Square 6 113852 1.8975 7.71 0.0¢
X2*X2 1 1.7301 1.1215 4.56 0.043
XI*XI 1 7.079%4 6.6214 2€2 0.000
X4* X4 1 0.8781 0.9586 290 [sle]
X3*X3 1 0.4035 04353 1.77 0.195
X16*X16 1 0.3667 04371 1.78 0.195
X5*X5 1 09273 0.9 3.77 0.064
Interaction 15 52775 0.3508 143 0.208
X2*XI 1 1.5882 1.588% 6.46 0.018
X2*X4 1 0.1187 Q1187 048 0.494
X2*X3 1 03143 03103 1.26 0272
X2*X16 1 A 0.2982 1.21 0.281
X2*X5 1 02327 0.2327 0.95 0.340
XI* X4 | 20052 0.0052 0.02 0.885
XI*X3 1 05245 0.5276 214 0.156
XI* X6 1 0004 0.0004 0.00 0.969
XIFAL i 0.0429 0.0429 0.17 0.680
X4*X3 1 0.0034 0.0034 0.01 0.908
X4*X16 1 0.8682 0.8682 3.53 0.072
X4*X5 1 0.0891 0.0891 0.36 0.553
X3*X16 1 0.7531 0.7531 3.06 0.092
X3*X5 1 0.0003 0.0003 0.00 0974
X16*X5 1 04392 04392 1.79 0.194

intimate interaction with the plant indigenous microbi-
ome, releasing specific signals provoking the CPT bio-
synthetic machinery.

Fungal endophytes lave " en cofisidered as a promising
source for commaggial proc Xtion of CPT, due to their
rapid growthdndesendence on environmental condi-
tions, feasibility \_,bulk"biomass production, and meta-
bolic enfpeering [} 9—65]. Nevertheless, the tiny yield
and attengatisi 9 the biosynthesis of CPT with the fun-
gal storage\and subculturing are the main obstacles that
W& she ongoing trials of fungal platform for commercial
CPTY roduction [13-15, 27, 28, 31, 53, 66]. Similar para-
vom of attenuation of fungal productivity of bioactive
co)-ipounds such as Taxol [22, 42, 61, 65, 67-69], podo-
Jhyllotoxin [18, 70], hypericin [10] and azadirachtin [27]
were reported. Since the first discovery of Entrophospora
infrequens, as endophyte of N. foetida [18], a plethora of
endophytic fungi, from different plants were isolated and
characterized as CPT and its derivatives producers [9, 10,
13-15, 24, 25, 28-31, 41, 70, 71]. So, screening for novel
endophyte with higher productivity and relatively stable
productivity of CPT was the objective. Seven medicinal
plants “C. camphora, H. rosa, F. elastica, C. lancealatus,
L. camara, Cynancum acutum and Catharanthus roseus”
were used for isolation of their fungal endophytes. Asper-
gillus terreus and Penicillium sclerotigeum, endophytes of
C. camphora and E elastica exhibited the highest CPT
productivity compared to the closely related morpho-
logically isolates from the different hosts. Coincidently,
isolates of Aspergillus terreus, endophytes of E elastica,
Cestrum parqui, and Astragalus fruticosus were recog-
nized as CPT producers [13-15, 29, 41], confirming the
possessing of a distinct CPT biosynthetic machinery by
this fungal species independent on their plant hosts. The
yield of CPT by the current A. terreus isolate inhabiting C.
camphora was similar to those by A. terreus (~110 pg/l)
[13-15]. The potent CPT producing fungal isolates A.
terreus EFBL-CC and P sclerotigenum EFBL-FE were
molecularly confirmed based on the ITS sequences, and
their sequences were deposited on Genbank with acces-
sion numbers OQ642314.1 and OQ686969, respectively.
Remarkably, the common presence of A. terreus isolates,
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Fig. 8 Three-dimensional surface plots for interaction between pEGrd Gluc

2 (A}, pH and Calcium chloride (B), incubation time and Calcium

chloride (C), pH and Ferric chloride (D), incubation time and Feggfchloide (E) a7d incubation time and Glucose (F) for optimal yield of CPT by A.

terreus from the Plackett-Burman and FCC designs

endophytes of from different plant hos#; with the s ared
metabolic potency for production of [IPT, endlorses the
efficacy of the molecular biosynthetic i dghisfry of CPT
by A. terreus, as mutual mechar “fgfor plant protection
via the fungal-plant interaction. Ko#vev 'r, the slight fluc-
tuation on the yield of £1}) by tlie, different isolates of
A. terreus inhabiting 4 Jereggnladit host, fungal-micro-
biome interactiong] rhighcymodulates the biosynthetic
machinery, mo)}¢cti)x expression of the CPT encoding
genes by fup@h[13—-15929]. So, each plant has not only
own theigfindidenous ‘microbiome but also has a spe-
cific metabG &k and’physiological pattern. For the higher
CPI/p1< luctivi )f; A. terreus has been selected for further
staa s

The "Bemical structural of the extracted CPT from A.
terreus “1as been authenticated from the TLC, HPLC,
FT-IR, HNMR and LC-MS/MS, with the authentic CPT.
The putative sample of CPT of A. terreus gave the same
molecular mass (349 m/z), as well as the same molecular
fragmentation pattern as revealed from the MS and MS/
MS, to the authentic CPT of C. accuminata [14, 29, 53,
59, 66]. The MS/MS fragmentation pattern of the current
CPT sample was coincident to the fragmentation pattern
of Nothapodytes nimmoniana [72].

The antimicrobial activity of metabolites was used as
an indicator for their antiproliferative activity [14]. The
extracted CPT of A. terreus displayed a dramatic activity

against the tested bacterial “E. coli than B. cereus” and
fungal “A. flavus and A. parasiticus” isolates in a concen-
tration-dependent pattern. Obviously, the antibacterial
activity of extracted A. terreus CPT was obviously higher
than the antifungal activity. The activity of the purified A.
terreus CPT was assessed against MCF-7 and HepG-2,
with IC,, values 0.27, and 0.8 uM, respectively, compar-
ing to the authentic CPT. The higher activity of purified
A. terreus CPT against MCEF-7, revealing the specific
structural activity relationships of CPT to bind with the
topoisomerase I, in addition to targeting another meta-
bolic process and/or structural organelles [73, 74].

The affinity of purified A. terreus CPT to inhibit with
the human DNA Topoisomerase 1 was assessed by the
cleavable complex assay. From the gel-based DNA relax-
ation assay and ICg, values of A. terreus CPT has a sig-
nificant potency to bind with Topoisomerase I by about
twofolds higher than Topotecan. The higher activity of
CPT towards the fungal and tumor cell lines, could be
due to the proximity of amino acid sequence and tertiary
structures of topoisomerase I from fungal and mam-
malian cells, than bacterial cells. The dual activity of
CPT “anticancer and antimicrobial” is one of the most
intriguing biological criteria since the chemotherapy
cause suppression to the immune system, permitting to
the opportunistic microbial flora to be pathogenic [75].
So, this assumption was authenticated from the common
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Fig. 9 Metabolic stability of A. terreus f&
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(TLC, upper panel). B Yield of CRigh
culture of A. terreus in responfe

properties mor ai_fungal cells such as replication

rate, mo reading within the host, rapid devel-
opme istance, and tendency to be more
ag disease progression [75—77]. Thus, the

sop ual antiproliferative and antifungal activ-
utative A. terreus CPT seems to be a reliable
| properties in clinical applications [14]. The
success of topoisomerase inhibitors in cancer chemo-
therapy in humans emphasizes the potency of fungal
topoisomerases to be targets for novel antifungal com-
pounds. However, the identity of the fungal cell mem-
branes might be the barriers for traversing the CPT to the
cytosol [78, 79]. Consistently, methylenedioxy derivatives
and glycinate esters inhibits the activity of topoisomerase
I in cancer cells and yeast cells [76]. The significant dual
activity of the putative CPT of A. terreus as antimicrobial
and antifungal, ensuring the unique chemical structure
that facilitates the crossing of the fungal cell membrane

CPT Yield (ng/l)
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barriers as well as tumor cells. Consistently, leptomycin
B, a metabolite of Streptomyces sp. has in vitro activity
against the drug-resistant zygomycetes such as Mucor
spp. and Rhizopus spp., as well as anticancer activity by
inhibiting the cell division [80].

The effect of A. terreus CPT on the wound healing
of MCEF-7 cells was assessed, comparing to untreated
cells. Obviously, the percentage of wound healing of the
homogenous monolayer of MCEF-7 cells was approxi-
mated by 55.5%, comparing to 97% of control cells after
72 h. The suppression of wound healing upon addition
of A. terreus CPT, ensures the interference with the cell
regeneration, cell divisions, and matrix formation of the
tumor cells MCF-7. The wound healing assay is a stand-
ard in vitro approach for probing collective cell migration
in two dimensions [48, 49]. The cell migration is usually
involved in several pathological disorders such as tumor
invasion, angiogenesis, metastasis and inflammatory
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e cells migration is usually reg-
tion with extracellular matrix and
s [48].

ett-Burnian design. The yield of CPT by A. terreus was
increased by about 1.4-folds upon nutritional optimiza-
tion by Plackett—Burman Design, comparing to the nor-
mal PDB growth media. The significant-independent
variables affecting CPT production by A. terreus were the
pH, incubation time, calcium chloride, peptone and fer-
ric chloride, comparing to the other independent factors.
Consistent results for maximizing the CPT yield by A.
flavus, A. terreus and Penicillium chrysogenum by Plack-
ett—-Burman Design optimization bioprocessing, were
reported [13-15, 29]. Similar scaling-up pattern of CPT
productivity by E solani, N. nimmoniana, Trichoderma

L R Lo - [ SLS .| STR
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U, C Molecular expression analysis of the rate-limiting enzymes (SLS, STR, SGD and DTC) of CPT
gal subculturing, till 8th subcultures, by the RT-qPCR. D, E RT-gPCR molecular expression analysis

atroviride and Aspergillus sp. has been reported [9, 18,
28, 53, 70, 83, 84].

Diminishing the fungal productivity of CPT is the met-
abolic change that halts their industrial applications, and
the dependence of this machinery on the plant derived
signals is the most affordable concept rationalizing this
weakening [4, 10, 13, 22, 23, 28, 53]. To validate this
hypothesis, different extracts of C. camphora were added
to the 5-days old of 5th culture of A. terreus, and the CPT
productivity was quantified. A noticeable suppression to
the expression of the sls, str, sgd and tdc with the fungal
multiple subculturing, the expression of these genes was
reduced by 50%, compared to A. terreus zero culture, that
consistent with the overall decreasing of CPT vyield. The
organic solvent extracts of C. camphora had no effect
on inducing the yield of CPT by A. terreus, ensuring the
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absence of plant-derived inducing signals, or abolishing
of these signals during the downstream processing [10,
13, 22, 23, 28, 29, 41]. The influence of implementation of
the microbiome of C. camphora on the CPT productiv-
ity by A. terreus has been evaluated. The productivity of
CPT by A. terreus has been increased proportionally with
the addition of surface sterilized C. camphora leaves,
with the maximum yield of CPT upon addition of 1.5%
leaves of C. camphora. So, upon addition of the microbi-
ome of C. camphora, the biosynthetic machinery of CPT
of A. terreus has been completely restored, that could be
ascribed to the cross-communication, releases of micro-
biome of the plant tissues, and intimate growth with A.
terreus triggering its CPT biosynthetic machinery. The
expression of the genes sls, str, sgd and tdc of A. terreus
was increased by ~4.0 to 4.5-folds with addition of the
surface sterilized leaves of C. camphora at 1.5%, that
might be due to the intimate interaction with the plant
indigenous microbiome, releasing specific signals elicit-
ing the expression of CPT biosynthetic machinery. Con-
sistently, the metabolic machinery of CPT biosynthesié
by A. terreus has been completely restored upon info-
poration of the surface sterilized plant leaves paps ywit)?
its microbiome [10, 13, 22, 23, 28, 29, 41]. Thefwest s,
emphasizes the hypothesis of cultural copiiunicatio):
and cross-talking of the CPT producingyand nip-CPT
producing microbial endophytes, negfiting the depend-
ence of the CPT expression on the {\lant hgst-derived
chemical signals [8, 10, 27]. Similar me(JpgffC paradigm
was observed for biosynthesis ol relpbby, A. terreus with
addition of microbiome of 2. graciéor |is2, 60, 61, 64, 68],
Pericornia sp. [31]. Adgitio. al trajscriptomics and pro-
teomics differential aha: et @pandergoing to discover
the transcriptiongf factorsidegulating the expression of
CPT biosyntheds ai}},their felationship with the weaken-
ing and restghihg of Ck Jproductivity.

In congl siop, M gterreus, an endophyte of C. camphora
was the mosi potefit CPT-producing potency with feasi-
bleffeste ring ity metabolic potency for CPT biosynthesis
upor & of C. camphora microbiome, confirming
the mic pbiome-A. terreus interaction that triggers the
CPT bidsynthesis.
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