
International Journal of Advances in Science Engineering and Technology, ISSN(p): 2321 –8991, ISSN(e): 2321 –9009 
Volume-6, Issue-3, Jul.-2018, http://iraj.in 

Manumycin a is a Promising Natural Compound for Pharmacology and Medicine due to the Lack of Genotoxicity 
 

26 

MANUMYCIN A IS A PROMISING NATURAL COMPOUND FOR 
PHARMACOLOGY AND MEDICINE DUE TO THE LACK OF 

GENOTOXICITY 
 

1ELISKA GALOVA, 2STANISLAV KYZEK, 3LUDMILA HOLUBOVA, 4ANDREA SEVCOVICOVA, 
5EVA MIADOKOVA 

 
1,2,3,4,5Department of Genetics, Faculty of Natural Sciences, Comenius University, Ilkovičova 6, Mlynská dolina, Bratislava, 

842 15, Slovakia 
E-mail: eliska.galova@uniba.sk 

 
 
Abstract - Manumycin A is a natural antibiotic isolated from Streptomyces parvus. It exhibits various biological activities 
and is known as a Ras farnesyltransferase inhibitor. Despite of extensive research confirming several medicinal properties, 
its genotoxicity has not been investigated so far. The present study was designed to test potential genotoxic effect of 
manumycin A at two levels: primary/promutagenic DNA lesions and gene mutations.  Primary genetic changes were 
detected using the comet assay and gene mutations using the Ames/Salmonella typhimurium assay. The potential genotoxic 
effect of the combined treatment of manumycin A and phloroglucinol – hyperforin (isolated from Hypericum perforatum L.) 
was also assayed by the Ames assay. The results showed that manumycin A did not significantly increase the primary DNA 
damages (mainly single-strand DNA breaks) in the comet assay and the number of his+ revertants (in comparison to the 
negative control) in the Ames test. Moreover, our findings from the combined application of manumycin A and hyperforin 
on bacterial strains proved that both natural compounds were not genotoxic. DNA-topology assay revealed that manumycin 
A did not induce DNA damage. These findings indicate that manumycin A, applied as a single agent or in combination with 
another natural compound, is a promising natural compound for pharmacology and medicine. 
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I. INTRODUCTION 
 
In cancer therapy, continuous effort has been paid to 
develop innovative effective therapies that are largely 
dependent on the choice of novel effective drugs 
without side effects. This is the reason why in the last 
decades the important objective of the anticancer 
drug discovery process has been aimed at natural 
substances, including manumycin A and hyperforin. 
Manumycin A is a natural antibiotic isolated from 
bacteria Streptomyces parvus with various biological 
activities (antiproliferative, antiangiogenic, 
antiinflamatory, antimetastatic, antiatherosclerotic, 
proapoptic, proautophagic and hepatoprotective) that 
can act as a competitive Ras farnesyltransferase 
inhibitor or irreversible inhibitor of neutral 
sphingomyelinase [1]. Manumycin A exhibits 
anticancer properties on a wide variety of cancer cells 
and tumor models as a single agent or potentiating the 
effect of other drugs, chemotherapeutics or natural 
compounds, dependently or independently on Ras 
gene status through inhibition of Ras farnesylation, or 
without affecting Ras processing or Ras activity [2]. 
Despite of extensive research confirming anticancer 
activities, to the best of the our knowledge, no 
research has been reported to confirm the manumycin 
A genetic safety or the fact that it does not have any 
genotoxic activity. 
 
Hyperforin, a polyprenylated acylphloroglucinol, is 
one of the main bioactive compounds of Hypericum 
perforatum L. (St John´s wort) and has been shown to 

have significant medicinal properties, such as 
antidepressant, antibacterial, anticlastogenic, 
anticarcinogenic, antioxidant and proapoptic ones [3, 
4, 5, 6]. Hyperforin is a potent inducer of cytochrome 
P-450 isoform CYP3A4, and/or of P-glycoprotein [7, 
8]. On the other hand, it is a potential inhibitor of 
CYP1A1, the major human procarcinogen activating 
enzyme [9]. 
 
During the past 10 years, several papers have been 
published regarding to combination treatment of 
manumycin A with various chemotherapeutic agents 
or natural substances. It was revealed that manumycin 
A increased the antiproliferative and apoptic 
responses compared to the single treatment effects [1, 
2, 10, 11]. 
 
However, so far genotoxicity and/or DNA-
protectivity of manumycin A have not been 
investigated. The present paper is designed to 
investigate the potential genotoxic effect of this 
antibiotic using two test systems (comet assay and 
Ames assay) enabling to assess primary transient 
promutagenic DNA lesions (comet assay) and gene 
mutations (Ames assay) induced in human peripheral 
lymphocytes and Salmonella typhimurium bacterial 
strains, respectively. DNA-protectivity was studied 
using the DNA-topology assay. Moreover, the 
potential genotoxicity of the combined treatment of 
manumycin A and hyperforin in the Ames test was 
performed. 
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II. DETAILS EXPERIMENTAL 
 
Materials and Procedures 
2.1. The alkaline comet assay-The alkaline comet 
assay was performed according to [12]. The modified 
method was described in detail in our former article 
[6]. The human lymphocytes were treated with 
different concentrations (50-2500 ng/mL) of 
manumycin A for 1 h at 37 °C. 400 µM H2O2 was 
used as a positive control. For a negative control, the 
cells were left untreated, in fresh PBS buffer solution 
for 1 h at 37 °C. Using fluorescence microscope 
(OLYMPUS BX 51), 100 random nucleoids were 
scored in each sample at magnification 400 x. 
Depending on the relative intensity of DNA 
fluorescence in the comet tail, each comet was scored 
from 0 to 4 (0 = undamaged, 4 = >80% DNA in the 
tail). The final percentage of DNA damage was 
calculated from the total score for each sample. 
 
2.2. Ames assay 
This plate incorporation assay was performed 
according to [13]. Salmonella typhimurium tester 
strains TA-97, TA-98 and TA-100 were obtained 
from the Czech Collection of Microorganisms (Brno, 
Czech Republic). As positive controls, 9-
aminoacridine (9-AA; 5 µg/plate) was used for TA-
97; 4-nitroquinoline 1-oxide (4NQO; 0.5 μg/plate) 
was used for TA-98; and sodium azide (NaN3; 2 
μg/plate) was used for TA-100. The assay was 
conducted in test tubes containing 100 µL of 
overnight bacterial culture, top agar and the tested 
manumycin A (250-750 ng/mL) and manumycin A 
together with hyperforin (250-500 ng/mL) or the 
positive mutagens. The plates for the negative control 
contained 100 µL of DMSO. The contents of test 
tubes were plated on minimal bottom agar plates. his+ 
revertants were counted after 72 h of incubation at 37 
ºC on a Biotran III Colony Counter (New Brunswick 
Scientific Co.). 
 
2.3. DNA-topology assay 
The electrophoretic method for potential DNA-
damaging activity and/or DNA-protective activity 
monitoring was described in detail previously [5]. 
The reaction contained 200 ng of plasmid DNA 
(pBR322) and either Fe2+ ions (1 mM FeSO4. 7H2O) 
alone, or manumycin A alone, or combinations of 
manumycin A with Fe2+ ions. Topological changes of 
DNA molecules correspond with the electrophoretic 
mobility of DNA topoisomers. DNA breaks were 
assayed by measuring the conversion of supercoiled 
plasmid DNA (form I) to relaxed circular (form II). 
Analysis of DNA lesions was made by the agarose 
gel electrophoresis. The DNA was visualized by 
staining with Stop C and UV illumination (UV 
Transilluminator MiniBISPro, DNR Bio Imaging 
Systems Ltd.). 
 
 

III. RESULTS AND DISCUSSION 
 
3.1. The comet assay 
The potential genotoxic effect of manumycin A in a 
concentration range of 50-2500 ng/mL was investi-
gated using the alkaline comet assay on human lym-
phocytes (Fig. 1). The alkaline comet assay is a rapid 
and sensitive method for the primary DNA damage 
potential assessment. They could be related to 
apurinic/apyrimidinic sites (alkali-labile sites appear-
ing as DNA breaks) and also represent intermediates 
in cellular repair [14]. As shown in Fig. 1, manumy-
cin A did not increase the percentage of damaged 
DNA compared to the negative control, with the only 
exception, the highest concentration used (2500 
ng/mL). These results are in line with those recently 
found in our laboratory testing the potential genotoxic 
effect of hyperforin employing the comet assay [6]. 
3.2. The Ames/Salmonella typhimurium assay 
Gene mutations are often implicated in the activation 
of protooncogens to oncogens or inactivation of 
tumor-suppressor genes, and thus are important in the 
malignant transformation process [15]. The Ames 
assay was conducted according to the method 
modified by [13]. We used three bacterial strains of 
Salmonella typhimurium (TA-97, TA-98 and TA-
100), which contain mutations in the histidine operon 
and are deficient in excision repair. Strain TA-97 
enables to detect mutagens inducting frameshift 
mutations, strain TA-98 allows to detect both base-
pair substitution and frameshift mutations and strain 
TA-100 enables to detect mutagens inducing base-
pair substitutions [13]. In the Ames assay we 
investigated potential mutagenic effect of manumycin 
A in the concentration range 250-750 ng/mL (Fig. 
2a). None of manumycin A concentration induced 
mutations after the application on S. typhimurium 
strains used. Similar results were obtained recently in 
our laboratory after the application of hyperforin in 
the Ames assay [6]. The combination treatment also 
revealed that after the simultaneous application of 
manumycin A with hyperforin no statistically 
significant increase in the number of his+ revertants 
was detected in comparison to the negative control in 
any of bacterial strains used (Fig. 2b). 
3.3. DNA-topology assay 
Results on the DNA-topology assay, which enables to 
monitor the DNA-protective potential of manumycin 
A, are given in Fig. 3. The DNA-topology assay 
responds sensitively to a metal occurrence and a free-
radical generation in reaction medium. The assay is 
based on the electrophoretic detection of changes 
induced in the plasmid DNA (pBR322) topology 
[16]. Topological changes of DNA molecules 
correspond with the electrophoretic mobility of DNA 
topoisomers. DNA breaks were assayed by measuring 
the conversion of supercoiled plasmid DNA to 
relaxed circular. Results presented in Fig. 3 indicate 
that manumycin A did not change the DNA mobility. 
On the other hand, only higher concentrations of 
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manumycin A were partly able to protect plasmid 
DNA against Fe2+-induced DNA breaks (Fig. 3). 
 
CONCLUSIONS 
 
Our study has documented the great potential of anti-
biotic manumycin A when applied as a single agent 
or in combination with another natural compound – 
hyperforin for pharmacology, medicine and biotech-
nology due to their genetic safety and DNA-
protectivity. 
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FIGURES AND LEGENDS TO FIGURES 

 
Fig. 1 Determination of potential genotoxic effect of manumycin A (applied in concentrations 50-2500 ng/mL) on human 

lymphocytes using the comet assay. NC = negative control (non-treated cells); PC = positive control (400 M H2O2). Data represent 
means ± SD from three independent experiments. *** p < 0.001. 
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Fig. 2a Determination of potential genotoxic effect of manumycin A (applied in concentrations 250-750 ng/mL) on Salmonella 
typhimurium bacterial strains (TA-97, TA-98, TA-100) in the Ames assay. PC = positive controls (9-AA, 4NQO, NaN3); NC = 

negative control (DMSO). Data represent means ± SD from three independent experiments. ** p < 0.01; *** p < 0.001. 
 

 
Fig. 2b Determination of potential genotoxic effect of manumycin A (applied in concentrations 250-750 ng/mL combined with 
hyperforin (500 ng/mL) on Salmonella typhimurium bacterial strains (TA-97, TA-98, TA-100) in the Ames assay. PC = positive 

controls (9-AA, 4NQO, NaN3); NC = negative control (DMSO). Data represent means ± SD from three independent experiments. 
*** p < 0.001. 

 

 
Fig. 3 DNA-topology assay – electrophoretic monitoring of changes induced by manumycin A in the structure of plasmid DNA. Line 

1: pBR322, line 2: pBR322+Fe2+ ions, line 3- 8: pBR322+manumycin A (in concentrations: 50, 100, 250, 500, 1000, 2500 ng/mL), 
lines 9-14: pBR322+manumycin A (in concentrations: 50, 100, 250, 500, 1000, 2500 ng/mL) + Fe2+ ions. 

 
 
 
 
 
 
 
 

 


