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Introduction

Although major progress has been achieved in cancer therapy for
the past few decades, cancer remains a serious public health threat.

‘Chemotherapy is one of the common therapeutic approaches for

controlling cancers. Unfortunately, most patients eventually relapse
and develop drug resistance.

*On this account, a continuous supply of novel drugs with high
effectiveness and safety is urgently needed.

‘extensive and intensive studies on the underlying antitumor
mechanisms of the drugs are also required



Introduction

- The genus Streptomyces, with its vast distribution and innate

capability of producing diverse bioactive secondary metabolites,
has served as an important source of novel antibiotic
candidates for decades.




Introduction

* Lilium davidii var. unicolor (Hoog) Cotton (commonly called
Lanzhou lily), a famous healthcare edible medicinal plant rich in
amino acid, vitamins, glycosides, alkaloids, and polysaccharides,

possesses antioxidant activiti~~
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Materials and Methods

- Sample collection and actinomycetes isolation .

Thirty healthy roots L. davidii var. Monochrome cotton (Hogg)
was randomly selected. The roots of the plant were carefully dug
to ensure its integrity, then stored in aseptic plastic bagsat4°C
and processed within 24 hours after coll~~t'~4




Materials and Methods

- Primary screening of endophytic isolates for antimicrobial
activity:
- All 15 isolates were cultured on agar

 The spore suspension was prepared and inoculated on the culture
medium for 7 days at 23 degrees

* Then it was covered with 5 ml of soft nutrient agar 0.6% (weight
by volume)

- Seed was cultured with 500 pl of cultured marker microorganisms

* Then, the coated plates were incubated at 28 ° C for 24 h, the
apparent inhibition zone around each isolate was recorded for
positive antimicrobial activity.



Materials and Methods

- Antimicrobial assay of LRES41 isolate:

The actinomycete-like isolate, which exhibits an apparent
inhibitory zone against all pathogenic microorganisms tested,
was further evaluated by disk diffusion method.
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Materials and Methods

Morphological and physiological characteristics of
LRE541 isolate

* Pure culture of LRE541 daily in ISP medium
- Micromorphology and sporulation of culture by light microscopy

» Aerial mycelium and spores after 14 days of growth in culture
medium with electron microscopy

* Physiological characteristics such as extracellular enzyme activity,
carbon / nitrogen source utilization, and temperature / pH tolerance



Materials and Methods

* 16S rRNA sequencing and phylogenetic analysis:
* Genomic DNA (gDNA) of LRE541 isolate was extracted.

* The sequence of the 16S rRNA gene isolated from LRE541 was
matched with the closest gene sequence of Streptomyces spp.

- The T6RE rRNA gene sequence isolated from LRE541 was sent
to GenBank nucleotide sequence databases under registration

number MK138546.



Materials and Methods

- Fermentation and extraction of secondary metabolites
from LRES41.
* LRE541 isolate was inoculated on mile agar medium

- the biomass was centrifuged and the supernatant was
extracted three times with an equal volume of ethyl
acetate.

* The ethyl acetate fractions were thenmw
C in a rotary vacuum distillation appaif"
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Materials and Methods

* In vitro cytotoxic assay of LRE541 extract:

» Cell culture: Antitumor activity of LRE541 extract against a wide range
of cell lines, including nine human cancer cell lines

» Cytotoxicity test: Cell survival rate using MTT method

»Analysis of cell apoptosis: Data were obtained and analyzed
using flow cytometer.

»Cell cycle analysis: Cell cycle analysis was also performed by
flow cytometry



Materials and Methods

- Analysis of cell apoptosis
* Cell cycle analysis
flow cytometer
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Materials and Methods

* Purification and identification of bioactive metabolites
from LRE541 extract:

* The ethyl acetate extract of LRE541 was separated and purified on
a HP-20 macro-porous column and washed with a mixture of H20-
EtOH gradient (70:30, 50:50, 20:80) to give three fractions.

- Structural identification of purifiled metabolites in spectroscopy
using spectroscopy techniques



Materials and Methods

- statistical analysis:

SPSS software was used for statistical analysis



Results

- Isolation of endophytic actinomycetes and screening for antimicrobial
activities

Table 1 Antimicrobial activities of isolate LRE541 against various
pathogenic microorganisms

Test microorganisms Inhibition zone
(mm diameter)

Gram-positive bacteria

Staphylococcus aureus (MRSA) ATCC25923 1667 +2.31

Diplococcus pneumoniae (clinical isolate) 16 4+ 2.65

Enterococcus faecalis (clinical isolate) 12334058

Staphylococcus saprophyticus (clinical isolate) 21334153
Gram-negative bacteria

Escherichia coli ATCC25922 12334153

Pseudomonas aeruginosa ATCC27853 1241.00

The yeast-like fungus

Candida albicans ATCC66415 767 4078 !



Results

* Phenotypic characteristics of isolate LRE541

Table 2 Cultural characteristics of Streptomyces sp. LRE541 on various media

Media Growth Color of colony mycelia Diffusible pigment
Aerial Substrate

ISP2 Good Light pink to red Orange-yellow to red -

ISP3 Good Bright red Red —

ISP4 Good Pinky white Pinky white —

ISP5 Good Red in white Red in white —

ISP6 Good Transparent to pale violet red Pale violet red -

ISP7 Good Brick red Vivid red —

Gause’s No. 1 Good Vivid pink Red Claret-colored pigment
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Results

* Phenotypic characteristics of isolate LRE541

Table 3 Physioclogical properties of Strepramyces sp. LRES41

Tests Results Tests Results
Cellulose utilization 1 Nitrogen sources utilization

MR test - Urea -+
H,5 production — Ghycine +
Extracel lular enzyme activity FPeptone +
Urease + Maizena -
Catalase 1 Tyrosine +
Starch hiydrolysis -+ Aspartic acid -
Gelatin hydrolysis + Sovbean meal +
Degradation of Ammoniurm sulfate +
Tween 20 - -Preline +
Tween 40 + L-Anginine -+
Tweeen 80 + L-a-Alanine -
Carbon sources utilization Growth at pH

XKylose -+ pH2 -
Starch -+ pH 4 +
Glucose = e pH& =}
Mahose -+ pH7 +4+
Lactose 4 4 pHSE +
Sucrose 4ob pH 10 ++
Fructose -+ pH12 +4+
Mannose 4= Growth at Temp

Trehalose - 4=16"C -
Raffinose - 18=20"C +
Arabinose -+ 23°C +-+-+
Rhamnose o= 28 °C 4
Growth at MaCl (wiv) 37 C +

O—6% + -k Gram staining +




Results

* Phenotypic characteristics of isolate LRE541

‘I‘\ o = By A
Fig. 1 The scanning electron micrograph of Strepromyces sp. LRES4 1

cultured on the Gauze's Moo 1 medium for 2 weeks showing aerial
rmwcelia and spores




Results
* 16S rRNA gene-based phylogenetic analysis

Strepromyces stelliscabiei NRRILB-2444 TT(LBNWO10M0338)
— 4|_§ﬁ_|7— Streptomyces bottropensis ATCC 254357 (KB211581)
001 Sirepromyces dioscori AZ1TV (NR165766)

Strepitomyces auranticgcns NBRCI13017Y (AB184259)
‘DBI— Srrepromyces glomeroanrantiacus NBRC15S4187 (AB2Z49983)
Strepromyees tanricus JCNM483TT (AB0O45S879)
85 Strepromyces sp. LRES41 (MK138546)
78 Srrepromyces ederensis NBRC154107 (AB184658)
@p{nmyc& mmbrinus NBRCI130917 (AB1 34305%-_
86 Strepromyces phaeochromogenes WBROC3 180" (AB184738)

Streptomyces cinereoruber subsp. fructofermentarns NBRC153967T (AB184647)
_: Strepromyces plraeofaciens NBRC133727T (AB184360)
Strepromyces graminilatus NRRLB-591247 (L.1QOQO1000213)
S0 Strepromyces forrdfosus NRRLB-3889T ( LIRKO 10OO0400)
I-S.rrqrfo:n yees ossamyceticns NRRLB-38227 (LTIQX01000228)

99| Srrepromyces iygroscopicus subsp. ossamyceficus NBRC13983T (AB184560)
I Strepromyces reticrliscabiei NRRLB-244467 (MUNIOT000325)
99 - Srtrepromyees tnrgidiscabies ATCCTHM2Z487 (ABD26221)

Strepromyces rectiviofacens NRRL B-163747 (DOQO26660)
Strepromyces aurens NBRC10092127T (AB249976)
A Strepromyces longisporoflavas NBROC12Z886T (AB184220)

ri :
Strepromyces kanamyceticus NBRC134147 ( AB184388)
Strepromyces olivochromogenes DSM404517 (KOQ948511)
_ﬂﬂaﬂ{p{:e&' afbosporens subsp. labifomyceticus NBRC1S387" (AB184638)
S0

- Srrepromyces candiduns NRRLISP-51417 (DOQO26663)
_I_—|S'rreprafr1_1’ces hmidns NBROCI12ZBTTT (AB184213)
T4L Streptomyces cacaoi subsp. asoensis NRRLB-16592T (DQO26644)

Srrepromyces psendoveneznelae DSNV40212T (KOQ948163)
Srtrepromyces neopeptinins KINF2Z047 7 (EVU2ZS8679)
Strepromyces variegatus NRRLB-163807 (JY JHOL000110)
e Streptomyces ambafaciens NBRC 12836 T (AB184182)
99 Strepromyces coelicolor NBRC128547T (AB184196)
Fig. 2 Maximum Likelihood tree exhibiting phylogenetic relationship between isolate LRES41 and the closely related representatives of
strepromyces spp. Only bootstrap values abowve 50% are present at the tree nodes. The scale bar denotes 0.01 substitutions per site
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Results

- Cytotoxicity of the LRE541 extract towards various cell lines

12 12+ Table 4 IC, values of the LRE541 extract against various cell
; l lines (ug/mL
o~ 1.0 - ? 1.0 - (“g }
g . & - Cell types ICso
208+ 2> 08+
= « = - Human colon cell RKO 002127
& T 08 - :
@ 06- E L Human gastric adenocarcinoma 7901 0.2904
> - =
=i = 04+ Human liver carcinoma cell HepGz2 1484
8 d Q . Human tongue cancer cell CAL-27 4861
*k%
0.2 = KX Gk g Rk 0.2 ‘ Ll TR Human breast carcinoma cell MCF-7 £.986
y Human chronic promyelocytic leukemia cell K562 8.106
i e e e g G ot e P e o e e
! | I | I | oA A B Human cervical cancer cell Hela 1087
T . 0 Human pancreatic cancer cell SW1190 1298
LRES41 extract (ug/mL) LRES41 extract (ug/ml) Human non-small cell lung cancer A549 1694
Fig. 3 Sensitivity of various types of cell lines (7901, RKO and HPAEC) to the LRES41 extract. The three cell lines were incubated with increasing .
concentrations of the LRES41 extract for 48 h, and their viabilities were determined by the MTT method. *P< 0.05, *#P<0.01, **P<0.001 vs. the Esmwaar: Eelﬂ{n onary artery endothelial cell HPAEC fhuman 29 2014

HPAEC cell line




Results

* Induction of apoptosis in 7901 and RKO cell lines
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Fig. 4 The LRES41 extractinduces apoptosic in BEO and 7901 cell lines. a The apoptotic cells change in REKO and 7201 cell lines when treated with
increasing concentrations of the LRES41 extract for 43 b by Arnexin Y and Pl double-staiming assay. b The quantihcation of necrotic cells, apoptotic
cells arnd rrormal cells. The data are presented as the mean =4 50 of three independant experiments. =P < 0005, **F <0001, **=F <0001 vs. the contral
groups. € Early and late apoptotic cells of 79201 and REO treated with varving concentrations of the LRES41 extract for 43 h
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Results
- The LRE541 extract inhibits the cell cycles of 7901 and RKO cell lines
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Results

v Chemical profiling of the LRE541 extract using UHPLC-MS/MS
analysis
To investigate the compounds that may be responsible for its
anti-neoplastic properties, LRE541 extract was subjected to
ultra-high performance liquid chromatography-tandem mass
spectrometry (UHPLC-MS / MS).

vThere are about 700 compounds in LRE541 extract. More than
one-seventh of the compounds have been recorded to show
various biological activities, including thirty-nine antitumor
compounds, ten antioxidant compounds and sixteen
antimicrobial compounds.



Results

- Structure elucidation and cytotoxicity of compounds from LRE541 extract
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Results

- Structure elucidation and cytotoxicity of compounds from

LRE541 extract

Table6 IC;; wvalues of the compounds 4-deoxy-c-
pyrromycinone (1), epsilon-pyrromycinone (2), and cisplatin
(DDP) against various cancer cell lines (ug/mL). The data are
shown as the mean =+ 5D of three independent experiments

Compounds  A549 HepG2 5W1990 RKD

(1) 1955452 20424424 17874273 14%+26
(2) 168+075 1864303 193+432 1294213
DDP 1284037 13312 171+28 1672+35

Table 5 ' C MMR spectroscopic data of compounds (13—(3)
[200 MIHZz.S (o)) purified from the LEESA1 extract

(1) (CDClg)

(2) (CDClly)

(30 (D 5 D0

Positiomn S Positiom S Positicmn L.

1 159 1 158& 2 1448
2 130 2 1303 3 1044
= 1297 = 1298 3a 1266
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= 191 2 = 1911 5 1207
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Conclusion:

vLRES541 isolated from root tissue of L. davidii var. Cotton
monochrome (Hoog) and study of cytotoxic activity of isolates
secondary to a panel of human malignant cell lines

v Further detection of cell apoptosis and cessation of the RKO
and 7901 cell cycle by flow cytometry revealed a basic
mechanism underlying biological action.

vSecondary metabolites and may elucidate the potential
application of metabolites in the treatment of RKO and 7901
cell lines.



Conclusion:

vThe chemical profile of LRE541 extract identified by UHPLC-MS
/ MS analysis showed the presence of antitumor and
antimicrobial compounds in the extract.

v Further chemical analysis of Streptomyces sp. LRE541 led to
the discovery of a prenylated indole dictapopyrazine (DKP)
alkaloid, identified as neoquinoline A, an antitumor agent. The
two anthraquinones, 4-deoxy-e-pyromycinone and epsilon-
pyromycinone, both have anti-cancer activity.



Thank you for your attention
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