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The present study deals with evaluation of random mutations and their impact on the production of anti-tumor 
drug Daunorubicin.  Daunorubicin is a secondary metabolite, produced by the strain Streptomyces peucetius.  In 
our study, S. peucetius was irradiated with UV rays to create physical mutagenesis and was also subjected to 
chemical mutagenesis by Ethyl-methane sulfonate.  Our study aims to develop a mutant and make a comparative 
study with the wild strain of Streptomyces peucetius in relation to the enhancement of the yield of Daunorubicin.  
The generated mutant was then set for fermentation in R2YE fermentation media at optimum conditions to 
authenticate enhanced yield. Further the anti-tumor activity of Daunorubicin produced from wild and mutant 
Streptomyces peucetius was measured using MTT cell proliferation assay followed by determination of IC50 values. 
The results obtained were promising that the anti-tumor activity and cell growth inhibition were found to be high 
in the Daunorubicin produced by the mutant strain than that of wild strain. 
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Introduction 
 
Daunorubicin (DNR) is one of the most important 
anti-tumor anthracycline antibiotic synthesized 
by an actinobateria Streptomyces peucetius [1, 
2].  It is used as a chemotherapeutic agent with 
Cerubidine as the trade name for treating acute 
leukemias [3, 4]. Doxorubicin is a hydroxylated 
form of DNR, which is also used as 
chemotherapeutic drug [5]. DNR, Doxorubicin, 
etc. (Anthracyclines) have the potential to show 
anti-tumor activities as single agent. But to 
improve their efficacy and reduce drug 
resistance and toxicity, they are now used in 
combination with other chemotherapeutic 
agents, such as tetrandrine [3, 6].  Anthracyclines 

show their mode of action primarily by forming 
complexes with DNA (intercalation), thereby 
inhibiting the activity of nuclear enzyme 
topoisomerase II [7]. Topoisomerase II is a key 
enzyme during DNA synthesis, which helps in 
condensation and de-condensation of DNA helix 
by producing nicks and re-ligating them [8].  DNR 
prevents the re-ligation of DNA by 
topoisomerase II after producing nicks in DNA 
strands. This results in accumulation of large 
number of DNA fragments, which gradually leads 
to cell apoptosis [9]. DNR also acts in the other 
ways such as it leads to the formation of free 
radicals within the cancer cells [10]. These free 
radicals damage the proteins, lipids, and cell 
membrane, increase cell cytotoxicity, and finally 
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leads to apoptosis [9].  
 
One of the major side effects of using the DNR 
includes development of cardiac toxicity [11].  At 
present, DNR produced from Streptococcus 
peucetius by immobilization of wild strains [12].  
There are several reports describing the 
synthesis of DNR in minute amount by wild 
strains. The present work deals with the 
improvement of such wild strain of Streptomyces 
peucetius for the enhanced production of DNR 
by creating random mutations using both 
physical and chemical mutagenesis.  Further, the 
activity of DNR produced from the mutated 
strains was validated by performing MTT assay. 
 
 

Materials and Methods 
 
The freeze-dried culture of Streptomyces 
peucetius was obtained from National Chemical 
Laboratory (Pune, India). The freeze-dried 
culture was then revived in Yeast Maltose 
Extract (YME) media by incubating the 
inoculated cultures for 96 hours in orbital 
shaking incubator at 37°C.  The YME media has 
the following composition of ingredients: Malt 
extract (3g/L), Yeast extract (3g/L), Glucose 
(10g/L), Peptone (5g/L), Agar (20g/L) as 
described in the literature [13]. The revived 
culture was sub-cultured in YME broth, YME agar 
plates, as well as in YME agar slants. 
 
Creation of random mutations in Streptomyces 
peucetius 
(1) Physical Mutagenesis  
Ultraviolet rays are non-ionizing radiation with 
wavelength ranging from 10 nm to 400 nm in 
electromagnetic spectrum. These have the 
potential to produce thymidine dimers in DNA 
thereby inducing mutation in bacteria [14]. 
Therefore, UV irradiation is one of the most 
common methods employed to produce 
bacterial mutants. Initially for creation of 
mutants using UV radiation, a total of six YME 
agar plates of wild Streptomyces peucetius 
strains were prepared. Out of the six plates, 
three plates were exposed to UV radiation for 10 

minutes by placing them 50 cm away from the 
UV light. Similarly, three other plates were 
exposed for 15 minutes by placing them at same 
distance from UV light. 
 
Single isolated colonies from each plate which 
was set for UV treatment were picked and 
inoculated onto freshly prepared sterile YME 
agar plates. These mutants were allowed to 
multiply for 36 hours at 37°C in an incubator. 
These mutants were later sub-cultured in YME 
broth for further use. 
 
(2) Chemical Mutagenesis 
Random mutations were induced by using the 
chemical mutagen Ethyl methane sulfonate 
(EMS) [15]. It is an alkylating agent, which 
generally produces point mutations mostly by 
guanine alkylation [16]. In the present study, 
wild S. peucetius was mutated by Watson and 
Holloway method [17]. Briefly, a total of 0.03 ml 
of EMS was added to 5 ml of exponential phase 
culture, grown in YME broth and vortexed 
vigorously, and incubated at 37°C for 1 h without 
any disturbance. Then, the resultant culture was 
collected by centrifugation at 10,000 rpm for 10 
min. To remove the traces of mutagen, cells 
were washed with saline water. The leftover 
culture which contained the mutated cells was 
then inoculated into 50 ml of YME broth and 
incubated at 30°C overnight in an orbital shaking 
incubator. 
 
(3) Fermentation 
Streptomyces peucetius being a gram positive 
actinobacteria shows good growth in media 
composed of a mixture of salts, buffers, carbon 
source, and trace elements under optimum 
conditions [18]. To obtain the optimum growth 
of Streptomyces peucetius, it was suggested to 
use R2YE media in earlier reports [19]. R2YE 
media is prepared using the following 
ingredients as described in earlier studies, which 
included Corn starch (46 g/L), NaCl (1 g/L), 
(NH4)2SO4 (2 g/L), K2HPO4 (4.63 g/L), CaCO3 (2 
g/L), MgSO4 (7.64 g/L), Tryptone (2 g/L), 1 ml of 
inorganic solution (FeSO4.7H2O (1 mg/L), 
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MgCl2.6H2O (1 mg/L), ZnSO4.7H2O (1 mg/L), H2O 
(1,000 ml)) [20]. 
 
All the strains including wild, UV mutants, and 
EMS mutants were fermented in 100 ml of R2YE 
media for 4 days at 29°C in an orbital shaker 
incubator at 200 rpm. Strains were inoculated at 
10% (v/v) of media for proper growth. The cell 
growth was monitored by checking the optical 
density of culture at regular intervals of time 
using spectrophotometer.  
 
Quantitative and qualitative analysis of 
Daunorubicin 
(1) Sample Preparation 
To perform quantitative and qualitative analysis, 
samples from fermented broth need to be 
prepared. Sample preparation was done under 
sterile conditions where 10ml of fermented 
broth was transferred into a dry and sterile 50 ml 
vial. To this, an equal amount of the mixture of 
30% iso-propyl alcohol:HCl in the ratio of 50:1  
was added and mixed well. The resultant mixture 
was then subjected to centrifugation at 15,000 
rpm for 10 mins at room temperature. By doing 
so, all the cells and impure compounds got 
separated in the form of pellet which was 
discarded. The daunorubicin compound was 
suspended in supernatant and was collected for 
further analysis. For further purification of the 
daunorubicin, the supernatant which was 
obtained from the earlier centrifugation was 
filtered using 0.22 µm membrane filters. 
Obtained filtrate was used for quantitative and 
qualitative analysis as described in the literature 
[21].  
 
(2) Quantitative Analysis of Daunorubicin 
High performance liquid chromatography (HPLC) 
is one of the best and most common methods 
employed to detect the concentration of a 
desired compound present in a mixture solution 
[22]. In the present study, HPLC linearity graph 
was constructed by running standard DNR of 
different concentrations in Reverse phase C18 
Column (250 mm X 4.6 mm, 5μm) with a flow 
rate of 1.0 ml/min. The standard DNR used here 
was purchased from Toronto Research 

Chemicals INC (Toronto, Canada). This was 
followed by running the prepared fermented 
samples in HPLC to detect the unknown 
concentration of DNR present in them. Mobile 
phase used is a mixture of methanol and acetone 
in 75:25 (v/v). The absorbance was observed at a 
wavelength of 228 nm [23]. 
 
(3) Qualitative Analysis by in vitro MTT assay 
In general, the success of numerous in vitro 
assays which deal with cell response towards 
external factors mainly depends on the 
measurement of cell viability and proliferation. 
The MTT Cell Proliferation Assay measures the 
cell proliferation rate and conversely the 
reduction in cell viability when metabolic events 
lead to apoptosis or necrosis [24]. The cancer cell 
lines were purchased from National Centre for 
Cell Science (NCCS) (Pune, Maharashtra, India). 
The cells were maintained in Minimal Essential 
Medium (MEM) supplemented with 10 % Fetal 
bovine serum (FBS) and the antibiotics 
streptomycin (0.5 mg/mL), in an atmosphere of 
5% CO2 and 95% air at 37°C. 
  
Cell viability was evaluated by the MTT Assay 
with independent experiments with six 
concentrations of compounds in triplicates. Cells 
were trypsinized and performed the trypan blue 
assay to know viable cells in cell suspension. Cells 
were counted by hemocytometer and seeded at 
density of 5.0 X 103 cells/well in 100 μl culture 
media in 96 well plate and incubated overnight 
at 37°C. After incubation, the old media was 
removed and fresh media of about 100 µl with 
different concentrations of test compound was 
added to the wells in 96 plates. After 48 hrs, the 
drug solution was discarded and the fresh media 
with MTT solution (0.5 mg/mL) was added to 
each well and plates were incubated at 37°C for 
3 hrs. At the end of incubation time, precipitates 
were formed as a result of the reduction of the 
MTT salt to chromophore formazan crystals by 
the cells with metabolically active mitochondria. 
The optical density of solubilized crystals in 
Dimethyl sulfoxide (DMSO) was measured at 570 
nm on a microplate reader. The percentage 
growth   inhibition   was   calculated   using   the  
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Figure 1. HPLC linearity line graph. 

 
 

 
Figure 2. HPLC chromatogram of STD DNR (100 μg/ml). 

 
 
following formula. 
   

 𝐼𝑛ℎ𝑖𝑏𝑖𝑡𝑖𝑜𝑛 (%) = 100 
( 𝐶𝑜𝑛𝑡𝑟𝑜𝑙−𝑇𝑟𝑒𝑎𝑡𝑚𝑒𝑛𝑡)

( 𝐶𝑜𝑛𝑡𝑟𝑜𝑙 )
 

The IC50 value was determined by using linear 
regression equation i.e. Y = mX + c where Y = 50, 
m and c values were derived from the viability 
graph (% viability of cancer cells vs concentration 
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of daunorubicin. The lower of IC50 value the 
higher the drug's potential to inhibit cancer cell 
growth [25]. 
 
 

Results and Discussion 
 
Wild Streptomyces peucetius showed good 
growth in yeast maltose extract (YME) broth 
within 24-48 hours of incubation while UV 
mutants and EMS mutants showed the similar 
growth pattern when incubated for 72-96 hours. 
Upon subjecting the strains to fermentation in 
R2YE media, there was noteworthy increase in 
turbidity of fermentation broth after 96 hours (4 
days) of incubation in orbital shaker at 200 rpm, 
29°C in all the fermented samples. After checking 
optical density of fermented media, samples 
were prepared as explained and subjected to 
quantitative and activity assays. 
 
Quantitative analysis of daunorubicin 
To calculate the unknown concentration of DNR 
in fermented samples, a HPLC linearity graph 
was constructed by plotting the area of 
chromatogram peaks (mAU) against 
concentrations of standard DNR (μg/ml). Figure 
1 and 2 showed the linearity graph and 
chromatogram of standard DNR and Table 1 
represented the area under the chromatogram 
peaks of the standard DNR solutions. The slope 
for this linearity line was calculated by 
substituting X and Y co-ordinates of graph in the 

formula (
𝑌2−𝑌1

𝑋2−𝑋1
) and calculated Y-intercept by 

similar substitutions. The obtained slope and Y-
intercept from calculations were 63,274.54 and 
19,082.6 respectively. By substituting these 
values in Y = mX + c, the equation of linearity line 
becomes Y = 63,274.54X + 19,082.6 
  
Using the obtained equation, the concentrations 
of DNR in the all the samples in all conditions 
were calculated. Table 2 represented the 
concentrations of DNA in wild strain, UV mutant, 
and EMS mutants. Figure 3 represented the 
chromatogram of the fermented samples of UV 
mutants.   

Table 1. The areas of chromatogram peaks of standard DNR 
solutions. 

 No. Concentration of 
standard DNR (μg/ml) 

Area of peak 
(mAU) 

1 10 665253 

2 20 1265095 

3 30 1965014 

4 40 2459409 

5 50 3231823 

6 100 8351277 

 
From these results, it can be concluded that the 
EMS mutants of Streptomyces peucetius 
produced 3 times more DNR than wild strains. 
UV mutants (15 mins) produced twice the 
amount of DNR than that in wild strains, while 
the UV mutants (10 mins) gave inconsistent yield 
of DNR.  
  
Qualitative analysis by MTT assay 
To evaluate the anti-tumor activity of produced 
DNR, MTT assay was performed. The optical 
density of solubilized crystals in DMSO was 
measured at 570 nm on a microplate reader. 
Table 3 and 4 showed the percentage of viability.  
By comparing the data obtained, it is clear that, 
as the concentration of DNR increases, the 
percentage of viability is found to be more in 
EMS mutant, which provide the hint that there is 
high anti-tumor activity in EMS mutant derived 
DNR than that of the wild strain (Table 3 and 4, 
Figures 4 and 5). Similarly, the IC50 was calculated 
by using the equations of lines as mentioned 
earlier. The significance of IC50 value is that the 
lower the IC50 value the higher the drug's 
potential to inhibit cell growth. From our data, 
the IC50 value of DNR from EMS mutants was 
98.17 while that from wild strain was 112.4 
(Table 3 and 4). These results confirm that the 
mutant S. peucetius produces higher amount of 
daunorubicin than that of wild strain. 
 
 

Conclusion 
 
From the above study, by observing the 
concentrations of DNR in the wild and mutant 
strains and also by the comparison of IC50 values 
of  the  wild and mutant strains,  we can confirm 
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Table 2. HPLC data representing the area of peaks and the concentrations of DNR (µg/ml) the samples of wild, 10 minutes UV treated, 15 minutes 
UV treated, and EMS mutants, respectively. 

 
Sample 

No. 

Wild UV-10min UV-15 min EMS Mutants 

Area of 
peaks 

Concentration 
of DNR 
(µg/ml) 

Area of 
Peaks 

Concentration 
of DNR 
(µg/ml) 

Area of 
peaks 

Concentration 
of DNR 
(µg/ml) 

Area of 
peaks 

Concentration 
of DNR 
(µg/ml) 

1 505496 7.762 841619 13.056 999390 15.542 1551035 24.231 

2 464693 7.119 1408906 21.992 978375 15.21 1382804 21.581 

3 655578 10.126 465880 7.138 725745 11.231 1531056 23.916 

Average  8.336  14.062  13.994  23.243 

SD  1.583  7.478  2.399  1.448 

 
 

 
 
Figure 3. Chromatogram of a fermented sample. 

 
 
Table 3. Anti-tumor activity of DNR from wild strain. 

Amount of DNR (µg) Absorbance at 570nm % Inhibition % Viability IC50 (µg) 

5 0.372 41.13 58.87 

112.4 

10 0.256 59.49 40.51 

25 0.186 70.56 29.44 

50 0.203 67.87 32.13 

100 0.365 42.24 57.76 

Untreated 0.632 0 100 

Blank 0 0 0   

 
 
that the wild strain which was subjected to 
mutagenesis had successfully mutated and lead 
for mutant of S. peucetius. Further from the 
above data also, it is crystal clear that the mutant 

S. peucetius has enhanced capability of 
producing DNR in a cost-effective way, which 
showed high anti-tumor activity than the DNR 
from wild strains.  
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Table 4. Anti-tumor activity of DNR from EMS mutants. 
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