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Rubromycins are important group of antibiotic produced by actinomycetes. For many years this telomerase inhibitor 
anticancer bioactive compound was mainly produced by either microbes belongs to actinomycetes or by mean of chemical 
synthesis. In this work, we used a new thermotolerant rubromycins producer strain (Streptomyces sp. ADR1) isolated from 
Algerian desert. This strain was able to produce a mixture of rubromycins (β and γ), at relatively high concentrations. At 
first, the most suitable medium composition for production process was selected through screening of different medium used 
for secondary metabolites production by actinomycetes followed by complete studies on growth and production kinetics in 
shake flask level. At this stage, the maximal rubromycins production were 24.58 mg/L and 356 mg/L, for -rubromycins 
and -rubromycins, respectively. After this step, cultivations were conducted in 16-L stirred tank bioreactor for further study 
the industrial potential of this process. The results showed that transferring the process from shake flask to bioreactor level 
and cultivation under non-oxygen limitation increased the volumetric production up to 27.41 mg/L, and 580.35 mg/L for  
-rubromycins and -rubromycins, respectively.  
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Introduction 

Cancer treatment represents a real challenge for the 
international community. 8.2 million cancer deaths were 
registered in 2012. Therefore, cancer is one of the major 
reason causing death in the world, and the development 
of new anticancer drugs is one of the interesting point of 
research1-4. Telomerase based anticancer drugs have 
recently attract a special attention. This enzyme is 
expressed in 80–85 % of the tumor cells, and is not 
expressed in the most normal human cells5-7, which 
promotes its position as a selective target in the 
treatment of cancer associated with the high expression 
of telomerase. Another advantage, is that telomerase 
based cancer therapies develop less resistance to 
chemotherapy compared to drugs based on growth 
factor receptors or signal transduction enzymes target in 
cancer cells7,8. Quinone antibiotics β- and γ- rubromycin 
are a good human telomerase inhibitor with IC50 values 
from 2.64–12.2 µM9,10. This activity is due to spiroketal 
moiety of rubromycins which plays an important role in 

the telomerase inhibition process7,9,11,12. Actinomycetes 
are considered as one of the main biofactory for the 
production of many important antibiotics of different 
groups13-15. Therefore, isolation and identification of new 
antibiotics or production of known antibiotic in high 
concentration using new isolates are still important 
research topic. In this paper, we describe the 
fermentation process of the production of the human 
telomerase inhibitors β- and γ-rubromycin, using 
Streptomyces sp. ADR1, a new strain isolated from the 
Algerian sahara desert. 
 
Experimental section 
 

Microorganism 
The β- and γ-rubromycin producing strain, 

Streptomyces sp. ADR1, was isolated from soil 
collected in Algeria the Algerian Sahara Desert 
(26.698 N 0.1086 E). The strain was identified to 
belong to the genus Streptomyces. The partial 16S 
ribosomal RNA gene sequence of the strain 
Streptomyces sp. ADR1 (1392 bp) is deposited in the 
GenBank under Accession No. KF947515 and 
deposited in the Wellness Industries Culture 
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Collection (WICC), of Institute of Bioproduct 
Development, UTM, Malaysia, under the number 
(WICC- B86).  
 
Inoculum preparation 

From the master cell bank culture (preserved in 
50% glycerol (v.v-1) at -80 °C), strain was first 
activated on ISP2 agar16 and incubated for 10 days for 
full sporulation on agar plate. The obtained spores 
were collected in glycerol/distilled water solution 
(50%), and stored at -80 °C as working cell bank. 

Each experiment was started with inoculation of 250 
mL Erlenmeyer flasks (working volume of 50 mL) 
with 2 ml of spore suspension (working cell bank). The 
inoculated flasks were then incubated at 200 rpm and 
28°C for 48 h on rotary shaker (Innova 4080, New 
Brunswick Scientific, NJ, USA). The antibiotic 
production media, either in Erlenmeyer flasks or in 
stirred tank bioreactor, were then inoculated with 10% 
(v.v-1) of the 48 h vegetative broth.  
 
Media screening for cell growth and rubromycins production 

Streptomyces sp. ADR1 was cultivated on eight 
different media for the evaluation of the best medium 
for cell growth and rubromycin production. The 
composition of media was as follows in (g/L): Medium 
1: glucose, 4.0; yeast extract, 4.0 and malt extract, 
10.016, Medium 2: dextrin, 70.0; soybean flour, 35.0; 
corn steep liquor, 5.0; DL-methionine, 2.0; CaCO3, 5.0, 
CoCl2, 0.004 and MnSO4.7H2O, 0.1 17, Medium 3: 
sucrose, 50.0; yeast extract, 10.0; NaNO3, 30.0; 
K2HPO4, 10.0; MgSO4, 0.5; FeSO4, 0.01 and KCl, 
0.518, Medium 4: glucose, 15.0; yeast extract, 1.0; 
soybean meal, 15.0; NaCl, 5.0; CaCO3, 1.0 and 
Glycerol, 2.5mL19, Medium 5: starch, 7.5; soybean 
meal, 4.0; CaCO3, 4.0; K2HPO4, 0.9; FeSO4, 0.03 and 
CoCl2, 0.00120, Medium 6: starch, 10.0; (NH4)2SO4, 
2.0; CaCO3, 2.0; NaCl, 1.0; K2HPO4, 1.0; MgSO4. 
7H2O, 1.0; FeSO4·7H2O, 0.001; MnCl2·4H2O, 0.001 
and ZnSO4·7H2O, 0.00116, Medium 7: Starch, 10.0; 
Pharmamedia (Amino. Acids), 5; CaCO3, 1.0; NaI, 
0.0005 and CuSO4. 5H2O, 0.0521, Medium 8: starch, 
10.0; glycerol, 10.0 and (NH4)2SO4, 3.022. The pH of 
all media was adjusted to 7.0-7.2. The inoculated flasks 
were incubated on the rotary shaker (Innova 4080, New 
Brunswick, NJ, USA) at 200 rpm and 28 °C for 14 
days. At the end of the fermentation, Cell Dry Weight 
(CDW), β- and γ-rubromycin production, and final pH 
were determined for each medium. 
 
Kinetics of production of β- and γ-rubromycin in shake flasks 

In shake flask experiment, 250 flasks with 50 mL 

working volume were inoculated and incubated on the 
rotary shaker (Innova 4080, New Brunswick, NJ, 
USA) at 200 rpm and 28°C for 15 days. Samples were 
collected every day in falcon tube and used for cell 
dry weight determination, rubromycins production 
and glucose determination. 
 
Production of β- and γ-rubromycin in 16-L stirred tank 
bioreactor 

The fermentation medium chosen was medium 1, 
pH: 7.2, and fermentation process was carried out 
using 16-L stirred tank bioreactor (BioEngineering AG, 
Wald, Switzerland) with working volume of 10 L. The 
stirrer was equipped with two 6-blade Rushton turbine 
impellers (di(impeller diameter)= 85 mm; dt(tank 
diameter)= 214 mm, di/dt= 0.397). The bioprocess was 
in uncontrolled pH mode, with an initial pH= 7.00. 
Dissolved oxygen was adjusted to 100% saturation 
before inoculation and kept uncontrolled during 
cultivation process. The pH and Dissolved Oxygen 
concentration (DO) were determined using pH and DO 
polarographic electrodes (Ingold, Mittler-Toledo, 
Switzerland). During the experiments, temperature, 
aeration rate and the agitation speed were controlled at 
28ºC, 1 vv-1 min-1 and 400 rpm, respectively. The total 
time of fermentation was 5 days. Samples of 50mL 
each, were collected every 6 hours in falcon tube and 
used for cell dry weight, rubromycins, and total 
reducing sugar determinations.  
 
Growth measurement, Cell Dry Weight (CDW) Determination  

For the Cell Dry Weight (CDW) determination, 
samples were centrifuged at 5000 rpm for 20 min. 
After that the cells were washed twice using distilled 
water, followed by centrifugation. The centrifuge 
tubes were then dried to a constant weight at 80 °C for 
24 hours to determine the dry cell weight. A small 
fraction of the supernatant was frozen at −20 °C for 
reducing sugar and rubromycins determination. 
 
Analysis  
 

Determination of β- and γ-rubromycin production 
β- and γ-rubromycin were analysed using a Waters 

HPLC system (Milford, MA, USA) consisting of a 
pump and system controller (Model Waters e2695) 
and photo-diode array detector (Model 2998). These 
compounds separation was done by a C18 reserved 
phase Xbridge column (5 µm, 54.6 × 250 mm) at 
25°C with a flow rate of 0.8 ml/min. The mobile 
phase was consisted of 0.1% of acetic acid (40%) / 
Acetonitrile (60%), in an isocratic programme. The 
injection volume is 20 µL. All samples were filtered 
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with 0.45 µm nylon filters prior to injection. The 
detection was monitored at 490 nm and data were 
integrated by Empower 3 software (Waters) (Milford, 
MA, USA) 
 
Determination of reducing sugar in fermentation broth  

Residual reducing sugar concentration in 
fermentation broths was determined as method 
described by Miller 23. This method tests for the 
presence of free carbonyl group (C=O), the so-called 
reducing sugars. The chemical method is based on the 
determination of the color developed after the reaction 
between the reduced sugar and 3, 5- Dinitrosalisylic 
acid (DNS) in citrate buffer solution. DNS analysis 
was performed by adding 50 µL of sample to 600µL 
of DNS solution (prepared by dissolving 10g 3, 5- 
Dinitrosalisylic acid, 2g phenol, 0.9 sodium sulphate 
and 10g sodium hydroxide in 1 L water) and 350 µL 
of citrate buffer in a clean test tube. After vortex, the 
samples were incubated in a 95 °C water bath for 5 
min. Later, samples were instantly placed into an ice 
bath for 03 min. The absorbance was determinated at 
540 nm using SPECTRONIC™ 200 (Thermo Fisher 
Scientific, USA) Spectrophotometer. Standard 
glucose solutions with appropriate amounts are added 
to the test to draw the calibration curve of absorbance 
vs. glucose concentration. The glucose concentration 
was expressed in g/L.  
 
Results and discussion 
 

Media screening for rubromycins production 

In this experiment, different media from literatures 
were applied to investigate their ability to support cell 
growth and rubromycins production by the newly 
isolated strain Streptomyces sp. ADR1. Therefore, 
eight different media which were reported before to 
support antibiotic production by actinomycetes were 
applied in this experiment. Cultivations were 
conducted in parallel in shake flask level in triplicate. 
As shown in figure 1, different media supported cell 
growth and rubromycins production in different 
extent. It was clearly observed that the maximal 
antibiotic production of 22.7 mg/L and 350.13 mg/L 
for -rubromycin and -rubromycin, respectively, was 
obtained in medium No. 1 which composed of only 
malt extract, yeast extract, and glucose. This was 
followed by medium No. 4, No. 6, No. 5, and No. 7. 
Other medium were very weak on supporting the 
antibiotic production. On the other hand, the maximal 
biomass production of 3.58 g/L was obtained in 
medium 4 followed by Medium 1 and 7. For better 

understanding the cell performance for rubromycins 
production in different media, yield coefficient in 
terms of specific rubromycins production was 
calculated. The maximal values for both Y/X and Y/X 
which present the amount of rubromycins  and  
produced per unit biomass were 105.74 [mg/g] and 
6.86 [mg/g], respectively. This indicates that this 
medium not only supported volumetric production but 
also the higher cell performance for antibiotic 
production. Therefore, the growth and antibiotic 
production kinetic studies were further conducted in 
shake flask and bioreactor cultures using this medium. 
The suitability of this medium for antibiotic 
production is due to its balanced nutrient composition 
with rich components which support secondary 
metabolites production. In other studies, this medium 
was also supported other antibiotics produced by 
actinomycetes such as oxytetracyclines and many 
other antibiotics. The existence of yeast extract is also 
necessary to support secondary metabolites 

 
 
Fig. 1—Effect of different media on cell growth, volumetric and 
specific rubromycins production when Streptomyces sp. ADR1 
cultivated in different media in shake flask level. Data were taken 
after 14 days cultivation and the error bar indicate standard 
deviration from three different flasks.  
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production. Yeast extract is not only considered as 
source of nitrogen but also for vitamins and may 
growth factors which act as limiting factors for 
different antibiotic biosynthetic pathways24-26.  
 
Kinetics of cell growth and rubromycins production in shake flask 

The cell growth and rubromycins production 
kinetics in shake flask level during cultivation for 360 
hours are presented in figure 2. As shown in this 
figure, cells grew exponentially without significant 
lag phase with rate of 0.013 g/L/h, reaching the 
biomass of 3.2 g/L after 240 h of cultivation. Once 
cells entered the stationary phase, the biomass kept 
more or less constant for the rest of cultivation time. 
During the active growth phase, the reducing sugar 
consumption was reduced from its initial value of 5.1 
g/L to about 0.5 g/L with consumption rate of 0.017 
g/L/h. It is also worthy to note that pH in culture was 
slightly dropped from 7 to 6.5 during the active 

growth phase and increased gradually thereafter as 
cell entered the stationary phase, reaching almost 7 at 
the end of cultivation time. As also shown in the same 
figure, both of β and γ rubromycins were not detected 
in culture during the first 144 hours. After that time, 
β-rubromycin was first detected in culture broth and 
increased gradually reaching its maximal titer of 
24.58 mg/L after 336 h.  
 
Kinetics of cell growth and rubromycins production in 

bioreactor level 

In this experiment, cells were cultivated in 16-L 
stirred tank bioreactor using the same medium 
composition and inoculum size used in the shake flask 
experiments. Cultivations were performed in 16-L 
stirred tank bioreactor of 10-L working volume under 
uncontrolled pH condition. The concentration profile 
of cell dry weight, total carbohydrates, and 
rubromycins production are presented in figure 3. As 

 
 
Fig. 2—Kinetics of cell growth, sugar consumption, rubromycins 
production, and pH changes during cultivation of Streptomyces sp. 
ADR1 in shake flasks level. (Data presented are the average of 
three different flasks. 

 
 
Fig. 3—Kinetics of cell growth, sugar consumption, rubromycins 
production, pH and DO change during cultivation of Streptomyces 

sp. ADR1 in 16-stirred tank bioreactor. (Data presented are the 
average of two parallel bioreactor cultivations).  
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shown, cells grew exponentially without lag phase 
with rate of 0.056 g/L/h. This value was almost 3.7 
times compared to the growth rate in shake flask. A 
maximal cell dry weight of 3.30 g/L was obtained in 
bioreactor culture after only 72 hours. Thus, 
cultivation in bioreactor reduced the growth phase by 
240 h compared to shake flask. The higher growth 
rate in bioreactor culture is attributed to the better 
mixing and oxygen transfer rate in bioreactor. This 
significant reduction in growth phase in case of 
cultivation of aerobic microorganisms in bioreactor 
was also reported in other cultivation processes as 
well27. During this active growth phase, the sugar 
concentration was reduced gradually in culture with 
rate of 0.083 g/L/h and reached almost 0.2 g/L as cells 
entered the stationary phase. The biomass was kept 
more or less constant between 72 and 108 hours, after 
that time cell concentration decreased gradually in 
culture with rate of 0.031 g/L/h and reached 2.32 g/L 
after 132 h. However, this decrease in biomass in 
shake flask was not observed. The decrease in cells in 
bioreactor culture may attributed to the higher shear 
stress compared to shake flask as also reported in 
cultivation of other actinomycetes such as  
S. natalensis

14 and Saccharopolyspora erhythraea 
13 

and other filamentous microorganisms. However, 
during the growth phase, DO decreased in parallel to 
cell growth and reached its minimal value of 65.9% 
saturation and increased again thereafter. The value of 
DO was almost 80% saturation during the stationary 
phase and decreased again gradually once cells 
entered the decline phase. Production of rubromycins 
was not detected in culture during the first 18 h of 
cultivation. However, -rubromycin production 
started after 18 h and increased gradually in culture 
with rate of 0.31 mg/L/h, reaching its maximal value 
of 27.41 mg/L after 108 h cultivation. This value was 
close to those obtained in shake flask culture. On the 
other hand, the production of -rubromycin was first 
detected 6 hours later (after 24 h cultivation) and 
increased gradually in culture with rate of 8.58 
mg/L/h, reaching maximal value of 580.35 mg/L after 
102 h. It was observed that, this antibiotic was not 
stable in culture and its concentration decreased 
gradually with rates of 0.21 mg/L/h and 8.13 mg/L/h, 
for - rubromycin and -rubromycin, respectively. 
The degradation of antibiotic after reaching its 
maximal production was also reported for other 
antibiotics such in case of rifamycins, natamycins, 

and cyclosporine13,25,28. This was attributed to carbon 
source limitation and thus the antibiotic could be re-
consumed as source for maintenance energy or as a 
result of degradation by specific enzymes produced in 
culture during the decline growth phase of cells.  
 
Conclusion 

Table 1 summarizes the kinetics of cell growth, sugar 
consumption, and rubromycins production when 
cultivations carried out in shake flask and in bioreactor 
cultures. It is clearly observed that cultivation in 
bioreactor yielded almost the same biomass but with 
significant increase in rubromycins production. It is also 
interesting to report that, antibiotic production time was 
significantly reduced from 336 h in shake flask to only 
108 h in bioreactor. This directly related to the 
continuous aeration and better mixing in the bioreactor. 
The process developed in this study shows high potential 
future application for industrial production of this 
important antibiotic.  
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Table 1—Kinetics of cell growth and rubromycins production 
during batch cultivation of Streptomyces sp. ADR1 in shake flasks 

and in stirred tank bioreactors. 

Parameters Shake flask Bioreactor 

Growth Parameters 
Xmax [g/L] 3.39 (312 h) 3.30 (72 h) 
dx/dt [g/L/h] 0.015 0.056 
 [h-1] 0.016 0.037 
Production Parameters 
Rubromycin max [mg/L] 24.58 (336 h) 27.41 (108 h) 
Rubromycin max [mg/L] 356.00 (336 h) 580.35 (102 h) 
QRub [mg/L/h] 0.13 0.31 
QRub [mg/L/h] 1.91 8.58 
Qs [g/L/h] 0.016 0.083 
-QRub [mg/L/h] nil 0.21 
-QRub [mg/L/h] nil 8.13 
Y/X [mg/g] 7.25 7.40 
Y/X [mg/g] 105.01 176.12 

Xmax: maximal cell dry weight, dx/dt: growth rate; : specific growth 
rate, Rubromycin max: maximal -rubromycin production, Rubromycin 
max: maximal -rubromycin production, QRub: -rubromycin 
production rate, QRub: -rubromycin production rate, Qs: reducing sugar 
consumption rate, -QRub: -rubromycin degradation rate, QRub:  
-rubromycin degradation rate, Y/X: yield of -rubromycin on biomass, 
Y/X: yield of -rubromycin on biomass. 
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