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Abstract Pink red-like pigments of crud extracts produced by Streptomyces coelicoflavus MFB11, MFB20,
MFB21, MFB23 and MFB24 strains and variants from two spontaneous mutants (MFB11-V and MFB11-Y) as well
as prepared fractions (FA and FB) from MFB21 and MFB24 strain pigments were screened for antiproliferative
effect by MTT. Cancer cell targets used in this screening were P3 Mice myeloid cell line and/or U2OS human
osteosarcoma cell line. The results showed an important antiproliferative effect of some strain pigments on the two
organism cell types. U2OS human osteosarcoma cell line was more sensitive to the pigments and showed different
antiproliferative effect profiles compared to results obtained on P3 Mice myeloid cell line. FACs analysis of these
antiproliferative effects on U2OS human osteosarcoma cell line exhibited cell cycle phase arrests at G1, G1/S or S.
This suspects similar mechanism of cell division arrest in U2OS cell induced by these studied compounds to that
induced by the apoptotic prodigiosin who differs to that induced by undecylprodigiosin, daunorubicin or other
known anthracycline analogues. Thus, these red-like pigments without antibiotic effect unlike prodiginines and
anthracyclines could constitute novel related compounds presenting a strong potential for their contribution in
anticancer chemotherapy.
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1. Introduction
Actinobacteria produce a wide range of pigments which
present diverse colors and diverse biological activities
[1,2]. These pigments can be diffusible and then secreted
in culture media or intracellular non-diffusible [3]. The
anthracyclines antibiotics pigments represent the most
studied actinobacteria pigments due to their anticancer
activities used in chemotherapy [4]. These molecules are
classified among the type II family of aromatic
polyketides [5]. Their biosynthesis is usually mediated by
type II polyketide synthases (PKSs) related to fatty acid
synthase (FAS) enzymes [5,6]. Iterative condensation of an
acyl-coenzymeA (CoA) starter with malonyl-A extender
units by PKSs leads to the aglycone structure. Modifying
enzymes act on this polyketide core to create structural
diversity of the same compound [7,8,9,10]. Daunorubicin
and doxorubicin were the first anthracyclines isolated
from the Streptomyces peucetius in the 1950s and used in

cancer chemotherapy [11,12,13]. Their analogues Epirubicin,
Idarubicin and Valrubicin with more improved efficiency
have been developed and further used in cancer treatment
[14]. These molecules are known by their high cytotoxicity
eliciting apoptosis in cancer cells [15,16]. However, even
the extensive use of anthracyclines in clinical treatment of
different types of cancer [17,18], their complex
mechanism of action still not yet completely understood.
Known aspects of this mechanism mostly studied in
doxorubicin involve DNA replication and transcription
blockage. This blockage is accomplished by intercalating
between base pairs of DNA and RNA strands [19] and
inhibition of topoisomerase II; causing initiation of DNA
damage and induction of apoptosis [20]. Other studies
included topoisomerase I inhibition [21], activation of p53
protein-DNA binding [22], induction of cyclin-dependent
kinase inhibitor p21(WAF1/CIP1) gene expression, fixation
to proteasome which facilitate anthracyclines transport
into nucleus where it binds to DNA [23], free radicals
generation [20] and Lipid peroxidation [24]. Cells exposed
to doxorubicin or its analogue MEN 10755 exhibit cycle
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phase arrest at G2 [25,26]. However, doxorubicin
treatment of Breast cancer cells had shown to cause
increase in p53 activity and decrease of telomerase
activity accompanied by G0/G1 phase arrest [27]. p53
induced expression of p21(WAF1/CIP1) gene was
reported to trigger G1 arrest [28]. Lüpertz et al found that
cytotoxicity, cell cycle and apoptotic cell death in human
colon cancer cells treated with doxorubicin are dependent
of drug concentration and type of incubation [29]. They
noted G2 arrest and G0/G1 phase according to the
treatment conditions. Hence, the exact structure of the
drug molecule, type of cell target and treatment conditions
determine which cycle phase should be blocked.
The tripyrrolic red pigments of prodiginine family are
also known to induce apoptosis in many types of cancer
cells [30,31]. Similar cell targets such as those of doxorubicin
and other targets had been reported. However, in this case,
apoptosis could occur in p53 deficient cancer cell lines
Jurkat and HL-60 [32]; suggesting an additional p53 and
DNA damage independent pathway. Cell cycle was reported
to be arrested at G1 phase for prodigiosin [33] and G2/M
phase for undecylprodigiosin [34]. However, it seems as
mentioned above, that cell cycle phase arrest depends of
the cell type used. In fact, human colorectal adenocarcinoma
cell line (HT-29) treated with prodigiosin were blocked at
S phase [35] and non-cancer B and T cells treated with
undecylprodigiosin were blocked at G1 phase [36,37].
On the other hand, the efficient anticancer activities of
anthracycline molecules are considered as most potent
compared to other developed drugs. However, the use of
these molecules as anticancer therapeutic drugs provokes
cardiac cytotoxicity and induce cancer cell resistance;
causing health issue [38]. This concern needs more research
efforts to develop derivatives or new molecules with more
therapeutic efficiency and reduced side effects. In this
study, new pink red-like pigments of five strains and
variant pigments of two spontaneous mutants were
screened for their antiproliferative activities on mice
and/or human cancer cell lines with evaluation of their cell
cycle phase arrest.

2. Material and Methods
2.1. Strains, Production and Characteristics
of Pigments
Strains MFB11, MFB20, MFB21, MFB23 and MFB24
were isolated from soil and identified as Streptomyces
coelicoflafus [3,39]. Strains MFB11-V and MFB11-Y
with respectively violet and yellow colonies were obtained
after repeated culture of strain MFB11. Production of
pigments in ISP4 medium and ethanol extraction were
performed as previously described [39]. FA and FB
fractions of MFB21 and MFB24 strains were prepared
from ethanolic crude extracts according to their respective
solubilities in petroleum ether and chloroform. Initial
ethanolic crude extract of pigment was air drayed on
watch glass in fume hood till a powdered form of the
pigment was obtained. The pigment was then suspended
in the petroleum ether to obtain FA fraction and the
remaining pigment on watch glass was suspended in
chloroform to obtain FB fraction.

UV-Vis spectra and thin-layer chromatography (TLC)
analysis on Silica gel G-60 F254 (Merck) were carried out
as in as in reference [39]. Solvent systems were: (A)
Petroleum ether: Ether (2:1), (B) Ether, (C) Methanol:
Ethyl acetate: Chloroform (6:3:1), (D) Chloroform:
Methanol (95:5) and (E) chloroform.

2.2. MTT Antiproliferative Assays
Antiproliferative activity of crude extract, FA fraction
and FB fraction were tested on P3 Mice myeloid cell line
and U2OS human osteosarcoma cell line.
2.2.1. Mice Myeloid Cells
P3 Mice myeloid cell line culture (200 µl at 4.104 cells/ml
in RPMI 1640 (Roswell Park Memorial Institute) medium
supplemented with 10% of fetal bovine serum was made
in 96 well-Microplat and incubated at 37 °C with 5% CO2.
After 3 days incubation, 100 µl of RPMI supernatant were
removed and 100 µl of fresh RPMI containing pigment to
test at desired concentration will DMSO was used as a negative
control. After incubation for 3 supplement days, 20 µl MTT
(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide) at 5 mg/ml in RPMI are added in each well. The
plate was incubated for 3 hours and centrifuged at 800 g
for 15 min. Supernatant was removed and 100 µl de
DMSO are added in the wells, mixed 30 min and
absorbance at 570nm (OD570nm) was determined.
2.2.2. Human Osteosarcoma Cells
U2OS human osteosarcoma cells were cultured in
Dulbecco’s modified eagle’s medium (DMEM) supplemented
with 5% of new born serum (NBS), 1% glutamine, 1% of
penicillin and 1% of streptomycin. Cells were plated at 20
000 cells density per ml per well in a 24-well plate and left
overnight to adhere. Next day, media was changed (1 ml
per well) before treatment with the different pigment
samples and incubated 72 h. DMSO was used as a
negative control and bortezomib as a positive control.
Tetrazolium dye MTT was solubilized in DMSO (10
mg/100 µl) and added to cell culture (1/1000). Cell culture
were incubated with added MTT for 3 h at 37°C, washed
with PBS-1x before adding Dimethylsulphoxide (DMSO)
to each well (200 µl/well). MTT (yellow product) is
reduced by NADPH-dependent cellular oxidoreductase to
formazan (purple product). Both products are soluble in
DMSO. After shaking, the contents of 24-well plates were
transferred to 96-well plate to measure OD490 nm.

2.3. Flow Cytometry (FACs)
Media containing non-adherent cells of the treated cells
was transferred from 24-wells plate into fluorescenceactivated cell sorting (FACs) tubes. The wells were washed
with PBS-1x to transfer the remaining non-adherent cells
to FACs tubes. These FACs tubes were centrifuged to get
cells in the pellet. The remaining adherent cells in the
wells were trypsinised and transferred to the FACs tubes.
Total cells were then centrifuged in order to wash them
and throw the supernatant. After, cells were suspended in
75% of cold ethanol, vortexed and stored overnight at
-20°C. The next day ethanol is aspirated, cells were
washed with PBS-1x before being suspended in 500 µl of
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RNase (100 µg/ml PBS-1x) and incubated at 37 °C for 20
min. Finally, 20 µl of propidium iodide (40 µg/ml) were
added and vortexed. The mixture was analyzed by using
BD Biosciences 2 Laser FacsCalibur Flow Cytometer, and
data was processed with FlowJo V887 software.
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solvent used, this yellow pigment showed mostly yellow
bands with different Rf values as indicated in Table 2.
Furthermore, analysis of these TLC profiles of the bands
numbers and colors obtained according to the solvent used,
showed clear differences between MFB11-V, MFB11-Y
and MFB11-parent pigments.
On the other hand, even MFB21 and MFB24 pigments
presented similar TLC profiles, FA and FB fractions
presented differences mostly on the Rf values compared to
their crud original pigments of each MFB21 and MFB24
strains. With solvent B, additional yellow band (Rf: 0.96)
appeared in FA of the two strains, whereas with solvent D
a violet band (Rf: 0.51) emerged in FB of MFB24 pigment.
Even similar, TLC profiles of FA of the two strains
presented differences on the Rf values mostly with solvent
D. Thus, TLC profiles were different between FA and FB
fractions of each strain (MFB21, MFB24).

3. Results
3.1. Spectra and TLC Characteristics
Spectral characteristics and TLC bands obtained with
the five mobile phases for MFB11, MFB20, MFB21,
MFB23 and MFB24 pigments had been previously
reported [39]. Those of MFB11 spontaneous mutants
(MFB11-V and MFB11-Y) pigments and fractions (FA
and FB) of MFB21 and MFB24 pigments are presented in
Table 1 and Table 2). Spectra shapes of MFB11-V violet
and MFB11-Y yellow pigments presented modification
compared to the parental strain MFB11 pink pigment
(Table 1A). In MFB11-V pigment, a λmax at 260 nm has
replaced picks at 271 and 491 nm of the parental strain
pigment and in MFB11-Y pigment, λmax at 219, 242 and
402 nm were all different of those of the parental strain
pigment. On the other hand, FA and FB Fractions of
MFB21 and MFB24 strains pigments showed spectral
shape modifications compared to those of their respective
original crud extract pigment (Table 1B). TLC with
solvent A showed net difference between the unique band
of MFB11-V violet pigment and that of MFB11 pink
pigment where the Rf values were 0.18 and 0.10
respectively (Table 2). With the same solvents, three
bands (Rf: 0.34, 0.67 and 0.90) were obtained in the case
of MFB11-Y yellow pigment. Moreover, irrespective of

Table 1. UV-Vis spectra picks (λmax) of (A) spontaneous mutants
MFB11-V and MFB11-Y pigments compared to their parental strain
MFB11 crud extracts and of (B) fractions FA and FB of strains
MFB21 and MFB24 compared to their respective initial crud
extracts
A

Strain crud Extract
MFB11
MFB11-V
MFB11-Y

B

Extract/Fraction
Crud Extract
FA
FB

Peaks at
209, 271, 491
and 534 nm
205, 260 and 535 nm
219, 242 and 402 nm
Strain
MFB21
MFB24
217, 266, 350-352
211, 266-268 and 534
and 534 nm
nm
205, 270, 292
229 and 533 nm
and 534 nm
228, 265
213, 266 and 534 nm
and 530 nm

Table 2. TLC band Rf values and colors of (A) MFB11-V and MFB11-Y spontaneous mutant pigments compared to their MFB11 parental
strain crud extract and of (B) FA and FB fractions of MFB21 and MFB24 strains compared to their respective initial crud extracts in different
solvent systems
A

Strain crud Extract
MFB11

MFB11-V

MFB11-Y
B

Strain

FA

FB

Crud Extract

MFB24

A

Solvent systems
B

C

D

Pink: 0,10

Pink: 0,72
Light yellow: 0,95

Pink: 0,61
Pink violet: 0,74

Pink: 0,69
Pink: 0,85

Pink: 0,18

Pink: 0,73
Light yellow: 0,96

Light yellow: 0,10
Pink violet: 0,76

Pink: 0,73
Pink: 0,87

Yellow: 0,34
Yellow: 0,67
Yellow: 0,90

Yellow: 0,95

Yellow: 0,58
orange: 0,74

orange: 0,81
Yellow: 0,85

Pink: 0,12

Pink: 0,77

Pink violet: 0,76

Pink: 0,59
Pink: 0,80

Pink: 0,14

Pink: 0,75
Yellow: 0,96

Pink violet: 0,65

Pink: 0,59
Pink: 0,71

Pink: 0,11

Pink: 0,77

Pink violet: 0,74

Pink: 0,59
Pink: 0,75

Pink: 0,12

Pink: 0,71

Pink violet: 0,73

Pink: 0,65
Pink: 0,82

Pink: 0,13

Pink: 0,77
Yellow: 0,96

Pink violet: 0,79

Pink: 0,65
Pink: 0,82

Pink: 0,12

Pink: 0,77

Pink violet: 0,76

violet: 0,51
Pink: 0,65
Pink: 0,82

Extract/Fraction
Crud Extract

MFB21

E
Pink: 0,26
Pink: 0,56
Pink orange: 0,65
Light yellow: 0,83
Pink: 0,06
Pink: 0,53
Pink orange: 0,66
Light yellow: 0,88
Yellow: 0,74
Yellow: 0,84

FA

FB

Pink: 0,05
Pink: 0,50
Pink orange: 0,63
Pink: 0,02
Pink: 0,33
Pink orange: 0,41
Pink: 0,02
Pink: 0,3
Pink orange: 0,41
Pink: 0,06
Pink: 0,53
Pink orange: 0,65
Pink: 0,04
Pink: 0,34
Pink orange: 0,43
Pink: 0,02
Pink: 0,31
Pink orange: 0,41
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3.2. Antiproliferative Activity on Mice
Myeloid Cell
Chosen crud extracts and factions (FA and FB) of the
pigments were tested by MTT assay to evaluate their
antiproliferative effect on mice P3 myeloid cell line. In
these assays, concentrations of material were increased
from 5 to 30 µg/ml. As shown in Figure 1 at 30 µg/ml, the
crude pigment extract of MFB21 strain exhibited the
highest cytotoxic activity (77.41%) while that of MFB20
strain showed 50.38% of cytotoxicity. That of MFB11
strain showed the lower cytotoxic activity (28.95%).
However, increase of pigment concentration leads to
increase of the antiproliferative effect as clearly exhibited
in the cases of MFB21 and MFB20 strains pigments,
indicating a correlation between dose and cytotoxic effect.

fraction showed 93.06% cytotoxicity while FB fraction of
the same strain showed 70% cytotoxicity. The situation
was inversed in MFB24 strain pigment where FA fraction
(67,9% at 100 µg/ml), showed slight less antiproliferative
activity than FB fraction (74,7% at 100 µg/ml). Moreover,
chloroform soluble MFB21 FB fraction and petroleum
ether soluble MFB24 FA fraction showed similar shape of
cytotoxicity profiles with any dose and nearly equivalent
cytotoxicity at 100 µg/ml; respectively 70% and 67,9%.
This indicated structural difference between pigments of
MFB21 and MFB24 strains leading to antiproliferative
differences in their respective FA and FB fractions.

3.3. Antiproliferative Activity on Human
Myeloid Cell and Cell Cycle Arrest
After the positive result of MTT antiproliferative assay
on mice P3 myeloid cell line, chosen pigment samples
were used to evaluate their antiproliferative effect on
human U2OS cell line. Cells were treated for 72h with
different samples at the most effective concentration of
100 µg/ml. The result revealed that the P3 mice cells
untested crud extract of MFB23 pink, MFB11-V violet
and MFB11-Y yellow pigments exhibited respectively
100%, 99.34% and 54.41% cytotoxicity (Figure 3).

Figure 1. Cytotoxicity effect of crude extract pigments on mice P3
myeloid cancer cell.

Since the crude pigment extract of strain MFB21
showed the highest antiproliferative effect compared to
the pigment of the two other used strains, FA and FB
fractions of this strain and that of MFB24 (one of nontested) strain were selected for the following MTT assays.
In these next assays, pigment concentrations were started
from 30 µ/ml. Result showed as for crud extract, increase
of fraction concentration leads to increase of the
antiproliferative effect (Figure 2).

Figure 3. Cytotoxicity effect of MFB23, MFB11-V, MFB11-Y crud
extracts and FA/FB fractions of MFB21 and MFB24. DMSO and BTZ
were used respectively as negative and positive controls. Mean values
were adjusted with DMSO negative control

Figure 2. Cytotoxicity effect of FA and FB fractions on mice P3 myeloid
cancer cells. Mean values were adjusted with DMSO negative control

At any concentration used, MFB21 FA fraction showed
the highest antiproliferative activity. 100 µg/ml of this FA

This result contributed fist to affirm that all the strains
MFB11, MFB20, MFB21, MFB23 and MFB24 pink
pigments exhibited cancer cells antiproliferative effect at
different ranges. Dramatic decrease of cell proliferation
was obtained by MFB21 FA and FB fractions as well as
MFB24 FA fraction (Figure 3) while curiously MFB24
FB fraction exhibited only 46.01% cytotoxicity.
Cytotoxicity of MFB21 FA on U2OS cells did not make
significant difference to that of MFB21 FB and MFB24
FA compared to that obtained on P3 mice cells. Moreover,
MFB24 FB fraction with higher cytotoxicity on P3 mice
cells (74.7% at 100 µg/ml) than MFB21 FB (70%) and
MFB24 FA (67,9%) fractions showed a weak cytotoxicity
(46.01%) on U2OS cells (Table 3).
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Table 3. Comparison of cytotoxicity percent at 100 µg/ml of fraction
A and fraction B of MFB21 and MFB24 strains on P3 myeloid cell
line and on U2OS human osteosarcoma cell line

Strain

Cell line
Fraction
MFB21
MFB24

P3
FA
93.06%
67,9%

U2OS
FB
70%
74,7%

FA
100%
100%

FB
99.20%
46.01

Flow cytometry analysis was performed in the same
conditions as MTT proliferation assay except that cells
were treated during 24 h. Negative and positive controls
were carried out by using DMSO and bortezomib
respectively. The result revealed that pink red-like
pigment inhibits the proliferation of U2OS human
osteosarcoma cells inducing weak or strong cell cycle
arrest in the G1 and/or S phases according to the strain
producer and fraction used (Figure 4). Crud extract of
MFB11-V causes G1 and S phases arrest whereas those of
MFB11-Y and MFB23 cause only G1 phase arrest. In the
case of fractions of MFB21, FA causes G1 phase arrest
while FB causes S phase arrest. Interestingly FA fraction
of MFB24, with similar profile of cytotoxicity on P3 mice
cells as MFB21 FB, causes also S phase arrest.

4. Discussion and Conclusion
First, this study indicated that spectral and TLC
analysis of violet and yellow crud extract pigments of the
MFB11-V and MFB11-Y new mutant as well as FA and
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FB fractions of MFB21 and MFB24 strains (Table 1,
Table 2) showed characteristics in accordance with
previous report [39]. These characteristics were similar to
prodiginine family molecules [40,41,42].
On the other hand, the novel pink red-like pigment
analogues produced by MFB11, MFB20, MFB21, MFB23
and MFB24 strains inhibit cancer cell proliferation of mice
P3 myeloid cell line and/or of human osteosarcoma U2OS
cell line (Figure 1, Figure 2, Figure 3) in agreement with
cancer cell antiproliferative ability of prodiginine and
anthracyclines [11,12,43]. Cell proliferative inhibition
profiles were different according to the difference of the
pigments produced from the different strains studied and of
FA/FB fractions from MFB21 and MFB24 strains. In fact,
antiproliferative effect were equivalent as in MFB21 FB/
MFB24 FA (Figure 2) or variable and range from weak to
strong (100%) as showed by MFB23 crud extract, MFB21
FA and MFB24 FA (Figure 3). MFB21 strain FA fraction
was more effective on both P3 mice cell and human U2OS
cell types than its FB fraction (Figure 2, Figure 3).
However, the situation was inversed in the case of the
MFB24 strain where the FB chloroform fraction was more
effective than FA petroleum ether fraction on P3 mice
cells (Figure 2). This case related independency of
antiproliferative activity from compound solvent solubility.
Moreover, except the MFB24 FB fraction, MFB21 FA,
MFB21 FB and MFB24 FA fractions exhibited higher
cytotoxicity on U2OS cells than that obtained on P3 mice
cells (Table 3) indicating more sensitivity of human U2OS
cells to these compounds.

Figure 4. FACS result with cells percent at different cell cycle phases (G1, S and G2/M). (A) Negative (DMSO) and positive (bortezomib) controls,
strains MFB23, MFB11-V and MFB11-Y pigments. (B) FA and FB pigment fractions of MFB21 and MFB24 strains. Increased and decreased cells
percent compared to negative control (DMSO) are in red or in blue respectively.
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Elsewhere, spectral and TLC analysis demonstrated the
variability of the MFB11-V violet and MFB11-Y yellow
pigment compared to their MFB11 pink parental pigment
(Table 1, Table 2) which had a very weak cytotoxicity and
dose independent on P3 mice cell (Figure 1). Violet
pigment of MFB11-V mutant acquired strong bioactivity
against human osteosarcoma U2OS cells than MFB11-Y
yellow pigment (Figure 3). Thus, successive culture of
these S. coelicoflafus strains could generate spontaneous
mutants producing structurally variable molecules with more
efficiency. The variable antiproliferative bioactivities of
these samples reflected different stereochemical structures
of the inside compounds which react according to the
nature of target cancer cells as exhibited by the studied
anthracycline molecules [44].
FACS analysis in this study revealed that, except
MFB24 FB with weak cytotoxicity and no cycle phase
arrest, the fractions FA and FB cause only G1 or S phase
arrest while crud extract could cause G1 and S phases
arrest. These postulate the presence of two types of
compounds in crud extract of the same strain as MFB11-V
causing G1 and S phases arrest or one type of compound
as in MFB23 causing only G1 phase arrest. In the
fractions, the compounds seem to be separated in FA and
FB causing only arrest at G1 phase or S phase. These
results suggest the presence of two mechanisms triggered
by these compounds in cell cycle phase arrest. As induced
by the apoptotic prodigiosin, the first mechanism leads to
G1 phase arrest on human Jurkat leukaemia T cell [33]
and a second leads to S phase arrest on HT-29 human
colorectal adenocarcinoma cell line [35]. However, bortezomib
used as a positive control is known to induce G2/M cell
phase arrest and apoptosis. Longer treatment time with
bortezomib creates a sub-G1 peak characteristic of cell
population apoptosis [45]. Thus, treatment time should be
longer to investigate if apoptosis follows G1 arrest created
by MFB21 FA fraction and MFB23 crud extract. Equally,
this allow to investigate if the weak accumulation of cells
in S phase after treatment with MFB21 FB and MFB24
FA fractions will increase and lead to apoptosis.
In conclusion, this study provided a polymorphic stock
of pink red-like pigments and derivatives with strong or
weak antiproliferative activities causing cell cycle arrest at
G1 and/or S phase. These pigments, even related
to the apoptotic prodigiosin, constitute novel compound
analogues. The stock could be increased with creating more
polymorphic molecules as demonstrated by spontaneous
mutations. Nevertheless, more detailed investigations
including purification and chemical structure of these
compounds, combined with their efficiencies on other
human cancer cell lines and their side effects, are needed
for their fundamental or clinical contribution in cancer
chemotherapy.
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