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The present study was an extensive search for the discovery of a new 

antimicrobial agent from different Streptomyces strains with pronounced activity 

against Gram +ve and Gram -ve bacteria. The best conditions for its isolation, 

growth and purification were determined. Using physical and chemical 

approaches, the molecular formula of this new antibiotic, named A5, was 

deduced and a molecular structure was proposed. Investigations of the possible 

mode of action of A5 revealed that it arrested bacterial cell wall synthesis and 

decreased bacterial intracellular macromolecule content of both S. aureus and E. 

coli, as well as acting as an intercalating agent. In addition, biochemical and 

toxicological effects of A5 on animal cells were investigated. A onetime injection 

of rats with acute doses of A5 revealed a dose-dependent side effect of this 

antibiotic on serum glucose, total proteins and lipid profile as well as on liver 

function, but not renal function, in addition to an effect on the antioxidant system 

MDA-SOD. These results lead for further studies with lower chronic doses of A5 

in order to determine its potential therapeutic use. 
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Introduction 

The resistance of a large number of pathogenic bacteria 

and fungi to bioactive secondary metabolites in common 

use is currently an urgent focus of research, and new 

antifungal and antibacterial molecules are necessary to 

combat these pathogens. Filamentous soil bacteria 

belonging to the genus Streptomyces are rich sources of 

a high number of bioactive natural products with 

biological activity, which are extensively used as 

pharmaceuticals and agrochemicals 
[1]

, so the 

identifications of new Actinomycete strains that belong 

to the genus Streptomyces and partial characterization of 

the produced antibacterial activities still carry on 
[2]

. 

These bacteria produce about 75% of the commercially 

and medically useful antibiotics 
[3]

 with approximately 

60% of antibiotics isolated from Streptomyces species 
[4]

. 

Antibiotics are members of an extremely diverse group 

of metabolic products known as secondary metabolites, 

which are typically complex organic molecules that are 

not essential for normal cell growth and reproduction 

and are produced only after an organism has established 

itself in its environment. The interaction between host, 

microbial pathogen and antimicrobial agent can be 

considered as a triangle, and any alteration in one side  

 will inevitably affect the two other sides 
[5]

. The rapid 

emergence of antibiotic resistance in pathogenic bacteria 

has underscored the need for an accelerated approach to 

the discovery of new antibacterial agents 
[6]

. Several 

research centers around the world are involved in such 

efforts which resulted in the production of several new 

members of synthetic compounds such as quinolones 
[7]

, 

carbapenems 
[8]

, amphotericin 
[9]

, macrolides and 

antimicrobial peptides 
[10]

. 

The key to successful chemotherapy against microbes is 

selective toxicity; that is, an effective antimicrobial agent 

must be more toxic to a pathogen than to the pathogen
'
s 

host. Selective toxicity is possible because of differences 

in structure or metabolism between the pathogen and its 

host. Typically, the more differences, the easier it is to 

discover or create an effective antimicrobial agent 
[11]

. 

Side effects of antibiotic treatment fall into three main 

categories: toxicity, allergies and disruption of normal 

microflora. The mechanism by which antibiotics exert 

their toxic effects may be different in each case, for 

example; different tissues of animals respond differently 

to oxidative stress depending on the status of their own 

antioxidant defense system and nature of damaging 

agents 
[12]

. Administration of first generation antibiotics 

such as tetracycline, chloramphenicol, and streptomycin 

can cause profound alteration in lipid peroxidation levels 

in different tissues of rat with decrease in superoxide 
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dismutase and catalase activities and increase in the 

levels of reduced glutathione especially in the kidney 
[13]

. Reported side effects of tetracyclines include 

hypersensitivity, photosensitivity, neurotoxicity, 

hepatoxicity, and nephrotoxicity. Gastrointestinal upset, 

jaundice, liver damage, cardiotoxic effect, severe 

dyspnea, and anaphylaxis have been reported after 

administration of macrolides 
[14]

. 

Although antimicrobial drugs are ideally selectively 

toxic against microbes and harmless to human, many in 

fact have toxic side effects such as nausea, vomiting, 

diarrhea, and abdominal pain. Toxic reactions are 

usually, but not always, dose dependent and some are 

irreversible. They do not rely on the patient’s immune 

system. Among antibacterial agents in regular use, for 

example, polymyxins, aminoglycosides and 

glycopeptides can be fatally toxic to kidneys, but not all 

toxic side effects are so serious 
[15]

. The β-lactam 

antibiotics may cause less toxic reaction but are more 

common cause of allergic phenomena, varying from 

short-lived rashes to sever anaphylaxis 
[16]

. The drugs 

that disrupt normal microbiota and their microbial 

antagonism of opportunistic pathogens may result in 

secondary infection called “Superinfection”. This is why 

candidacies are so common following antibacterial 

treatment. It is also the reason for antibiotic-associated 

diarrhea. For example, long-term use of broad-spectrum 

antimicrobials such as tetracyclines, clindamycin, 

penicillins and cephalosporins often results in explosion 

in the growth rate of Candida albicans in the vagina 

(vaginitis) or mouth (thrush), and the multiplication of 

Clostridium difficile in the colon that causes a 

potentially fatal condition called pseudomembranous 

colitis, which is a severe form of diarrhea in antibiotic 

treated patients 
[17]

. 

So, the overall goal of the present study is to search for 

new natural antibiotics from various strains of 

Streptomyces. The most potent antibiotic will be purified 

and its chemical structure will be characterized. The 

antimicrobial activities of the selected antibiotic will be 

investigated against bacterial cells and its probable mode 

of action will be elucidated. Investigation of the 

biochemical and toxicological effects of the selected 

antibiotic on experimental animals will be carried out to 

evaluate its potential therapeutic use. 

Materials and Methods 

Microbial studies 

1. Organisms and Culture Conditions 

Different strains of Actinomycetes studied in the 

present work were isolated from soil samples collected 

from different governorates in Egypt (Cairo, Giza, 

Sharkeya and Marsa Matrouh) for their antagonistic 

properties against different strains of bacterial and 

fungal species. Biologically active isolates were sub 

cultured on starch-nitrate agar medium. The sensitive 

strains of E. coli and S. aureus were selected to study 

the mechanism of action of the extracted antibiotic and 

testing its potency. 

 

 2. Characterization and classification of the selected 

Actinomycete isolate (Actino. 5) 
The selected Actinomycete isolate (Actino.5) was 

characterized by studying its morphological and cultural 

characteristics as well as its biochemical and 

physiological properties. 

3. Physical and chemical properties of the extracted 

antibiotic 5(A5) 

Ultraviolet, infrared, mass spectroscopy, elemental 

analyses and nuclear magnetic resonance (NMR) were 

performed to determine the molecular weight and the 

molecular structure of A5. Further chemical tests were 

carried out to identify the functional groups of the 

antibiotic. 

Biological properties of A5 (Antimicrobial activity) 

The antimicrobial activity of the purified antibiotic was 

studied against a variety of microbes. These organisms 

included Gram-positive and Gram-negative bacteria as 

well as some fungi. The minimum inhibitory 

concentration (MIC) was determined by the serial agar 

dilution method. The effects of different pH values and 

various incubation periods in addition to effects of 

different media compositions were investigated in order 

to attain the optimum production of the antibiotic. 

1. The mode of action of A5 on S. aureus and E. coli 

cells 
The effects exerted by different concentrations of the 

A5 on the growth rate and some biochemical activities 

of S. aureus and E. coli cells such as acid-soluble 

phosphorous compounds, total lipids, total proteins, 

RNA and DNA were studied. Also, the effect of A5 on 

the accumulation of N-acetylglucosamine in S. aureus 

and E. coli cells was examined.  

2. In vitro studies 
Amino acid analysis of the metabolism solution of 

control and antibiotic-treated S. aureus and E. coli cells 

was done as previously described 
[18]

. The in vitro effect 

of A5 on thermal denaturation pattern (Tm) of salmon 

testis DNA was assessed according to the previously 

described method 
[19]

. SDS-PAGE analysis of the 

intracellular proteins of S. aureus and E. coli cells was 

performed as previously described 
[20]

. The effect of A5 

on bacterial cell wall synthesis was examined under 

electron microscope. Transmission photos of S. aureus 

and E. coli cells treated with the antibiotic and control 

were obtained at the Central Laboratory, Faculty of 

Science, Ain Shams University using Electron 

Microscope JEOL-JEM 1200 EXII. 

In vivo studies 
A total number of 150 adult male Albino rats weighing 

140-150g were purchased from Egyptian Organization 

for Biological Products and Vaccines (Helwan Farm, 

Egypt). The animals were housed in separated steel 

cages (5 rats/cage) and maintained in a controlled 

environment under standard conditions of temperature 

and humidity. The local committee approved the design 

of the experiments, and the protocol confirms the 

guidelines of the National Institute of Health (NIH). 
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1. Determination of acute lethal dose (LD100) and 

median lethal dose (LD50) of A5 
A total of 90 adult male Albino rats were used to 

determine the LD100 and LD50 of the A5 antibiotic. 

The rats were divided equally into 9 groups 

representing doses from 39.5 to 1012 mg of the 

antibiotic/ kg body weight with an increasing factor of 

1.5. The rats were injected i.p. with the A5. Mortality 

was recorded after 24 hours, and the LD50 was 

calculated as follows: 

      Log LD50= log LD next below 50% + (log 

increasing factor x proportionate distance). 

Proportionate distance= (50% - % mortality next below 

50%) / (% mortality above 50% - % mortality next 

below 50%). 

2. Experimental design 

After determination of the LD50, another set of 60 rats 

was used for biochemical studies of A5. Rats were 

divided into 3 equal groups (n=20 for each) as follows: 

Group (1); normal healthy rats injected i.p. with saline 

only, Group (2); normal healthy rats injected i.p. once 

with 1/4 LD50 dose of A5 (55.25mg/kg body weight) 

and Group (3); normal healthy rats injected i.p. once 

with 1/2 LD50 dose of A5 (110.5mg/kg body weight). 

At the end of the experimental period (24 hours), food 

was withheld for 14 hours to provide fasting blood 

samples. The animals were then sacrificed. Serum and 

liver samples from different groups of animals were 

collected. 

3. Biochemical analyses 

Sera of all animals were subjected to the following 

quantitative determinations: glucose 
[21]

, total proteins 
[22]

, albumin 
[23]

, Alanine aminotransferase (ALT) and 

Aspartate aminotransferase (AST) 
[24]

, Alkaline 

phosphatase (ALP) 
[25]

, creatinine 
[26]

, blood urea 

nitrogen 
[27]

, total lipids 
[28]

, triglycerides 
[29]

  and total 

cholesterol 
[30]

. Another small amount of blood was 

collected in heparinized tube to obtain plasma samples 

for the determination of superoxide dismutase enzyme 

(SOD) 
[31]

. 

After blood collection, the liver of each animal was 

excised, rinsed in isotonic sterile saline, blotted dry with 

filter paper, weighed and then dropped in vials 

containing ice-cold sterile saline and stored at -20ºC for 

biochemical analysis. The liver homogenate was used 

for determination of DNA 
[32]

, RNA 
[33]

, total proteins 
[34]

, and malondialdehyde (MDA) concentration 
[35]

.   

Statistical analysis  

Data was expressed descriptively as percentages for 

qualitative values and mean ± standard deviation (SD) 

for quantitative parametric data. The complied data was 

computerized and analyzed by SPSS software package, 

version 14. Student T- test was used for assessment of 

differences between samples. A level of significance 

with p ≤ 0.05 was considered significant, p ≤ 0.01was 

considered of high significance and p > 0.05 

insignificant. 

Results 
Fifteen pure Actinomycete isolates were isolated from  

 different soil samples collected from Cairo, Giza, 

Sharkeya and Marsa Matrouh. These isolates were given 

serial numbers from 1 to 15 and their antimicrobial 

activities against different bacterial and fungal strains 

were examined. Among them Actino.5 strain was 

selected for further studies. 

Characterization and classification of the selected 

Actinomycete isolate (Actino. 5) 
Light microscopic examination of aerial and substrate 

mycelia and sporophores of the Actino.5 indicated that 

the sporophores are spiral and branched with a hook end 

(Photos 1), while electron microscopic examination of 

spores revealed that the spores are tubular with a smooth 

surface (Photo 2). 

 

 

Photo (1): Light micrograph of the sporophores of 

Actino.5 (x 10,000). 

 

 

Photo (2): Electron micrograph of the spores of Actino.5 

(x 25,000). 

 

Elucidating the supposed structure of A5 

Based on the results of the physical and chemical 

characterization of A5, the molecular structure illustrated 

in Figure (1) was suggested. In addition, acid hydrolysis 

of A5 followed by chromatographic separation on 

cellulose paper revealed the absence of carbohydrates, 

amino acids or organic acid moieties. 

 

Fig (1): Suggested molecular structure of A5 (molecular 

formula: C23H29N2O10Cl and molecular weight: 528). 

 

 

Cl OH

CH3
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Figure (1): Suggested molecular structure of A5 

(molecular formula: C23H29N2O10Cl 

and molecular weight: 528). 
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Biological properties of A5 (Antimicrobial activity) 

Sensitivity of different microorganisms to A5, as well as 

MIC assays were carried out to select the most sensitive 

strain to A5 for further investigations. Results showed 

that A5 had variable antimicrobial activities against 

Gram +ve and Gram -ve bacteria. The sensitive strains 

S. aureus NRRL-B-767 and E. coli NRRL-B- 210 were 

selected for further microbial studies since they were the  

 most affected organisms. 

Studies on the mode of action of A5 on S. aureus and 

E. coli cells 

The intracellular components of A5-treated and untreated 

cells of S. aureus and E. coli were separated and 

quantitatively estimated. The results are summarized in 

Table (1). 

 

 

Table 1: Percent change of the cellular components of S. aureus and E. coli cells (mg/100g dry cell wt). 

Cell 

content 
Phosphorous Total lipids Total proteins RNA DNA NAG 

M.O. S. aureus E. coli S. aureus E. coli S. aureus E. coli S. aureus E. coli S. aureus E. coli S. aureus E. coli 

MIC -33.1% -35.9% -16.5% -17.8% -55.2% -43.2% -37.9% -34.9% -35.9% -33.0% +56.8% +28.0% 

2MIC -40.0% -38.8% -19.5% -22.5% -62.9% -46.0% -47.2% -41.8% -40.2% -45.8% +77.3% +58.9% 

4MIC -47.2% -44.9% -28.6% -26.4% -70.2% -58.5% -54.8% -47.8% -56.7% -51.5% +142.5% +95.7% 

MIC, minimum inhibitory concentration; NAG, N-acetyl glucosamine. 

 

Amino acid analysis of untreated and A5-treated S. 

aureus and E. coli cells 

The amino acid content of untreated and antibiotic-

treated microorganisms was analyzed by HPLC. Data 

obtained revealed variable changes for individual amino 

acids, either increase (glycine, histidine, alanine, 

methionine and lysine) or decrease (aspartic, glutamic, 

serine, arginine, proline, tyrosine, valine, isoleucine and 

leucine). 

SDS-PAGE analysis of the intracellular proteins of 

untreated and A5-treated S. aureus and E. coli cells 

Photos (3 & 4) show some changes in the density of 

separated bands of proteins extracted from treated S. 

aureus and treated E. coli cells respectively when 

compared to untreated cells. 

 

 

Photo (3): SDS-PAGE analysis of protein extracted from 

untreated and treated S. aureus cells. A) Protein 

molecular weight marker. B) Untreated S. aureus cells. 

C) Antibiotic-treated S. aureus cells with MIC. D) 

Antibiotic-treated S. aureus cells with 2MIC. 

 

 

Photo (4): SDS-PAGE analysis of protein extracted from 

untreated and treated E. coli cells. A) Protein molecular 

weight marker. B) Untreated E. coli cells. C) Antibiotic-

treated E. coli cells with MIC. D) Antibiotic-treated E. coli 

cells with 2MIC. 

 

Effect of A5 on the thermal denaturation (Tm) of 

Salmon testis DNA 

The effect of different concentrations of A5 (5-20 g/ml) 

on the thermal denaturation pattern of salmon testis DNA 

was studied. A5 caused an elevation in the Tm of salmon 

testis DNA, and the rise was concentration-dependent, 

where the Tm increased from 75C to 77.5C, 80C, 

82.5C and 85C with the addition of 5, 10, 15, and 20 

g/ml of A5 antibiotic, respectively. 

Electron micrographs of A5 -treated and untreated S. 

aureus and E. coli cells 

Transmission electron microscopic photos of untreated S. 

aureus NRRL-B-767 and E. coli NRRL-B-210 cells show 

that the normal rounded shape of cocci S. aureus cells 
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and normal rod shape of bacilli E. coli cells (Photos 5 & 

7). While Photos (6 & 8) show the rapture of the cells 

treated with A5 with the extrusion of the cytoplasm 

from the cell in S. aureus and also some damaged 

regions of the cell wall of E. coli. 
 

 

Photo (5): Transmission electro-micrograph of untreated 

S. aureus NRRL- B- 767 (x 75.000). 

 

 

Photo (6): Transmission electro-micrograph of A5-

treated S. aureus NRRL- B- 767 (x 75.000). 

 

 

Photo (7): Transmission electro-micrograph of untreated 

E. coli NRRL- B- 210 (x 75.000). 

 

 

Photo (8): Transmission electro-micrograph of A5-

treated E. coli NRRL- B- 210 (x 75.000). 

 Animal studies 

Blood parameters 

The results of the pilot study of the effect of A5 on 

experimental animals revealed that, the acute lethal dose 

(LD100) was 1012 mg/kg body weight, while the median 

lethal dose (LD50) was 221.3 mg/kg body weight for the 

A5 antibiotic after i.p. injection in Albino rats. 

The results presented in Table (2) summarized the 

effects of A5 on different serum biomarkers of rats. 

Results revealed that serum glucose was significantly 

decreased by (-9.22%) and (-24.35%) (p<0.001) in rats 

treated with two different doses of A5 (LD50/4= 55.33 

mg/kg body weight and LD50/2= 110.5 mg/kg body 

weight), respectively, when compared to rats of the 

control group. Serum creatinine showed no significant 

difference in animals treated with the first dose of A5 

(LD50/4) (p>0.05) when compared with control. While 

the same parameter showed a significant decrease in 

animals treated with the second dose of A5 (LD50/2) 

(p<0.001) when compared with control. Serum blood 

urea nitrogen (BUN) was significantly decreased by (-

10.69%) and (-19.32%) (p< 0.001) for LD50/4 and 

LD50/2 doses, respectively. 

Results clearly indicate that, the levels of total serum 

protein was significantly decreased (p<0.001) by (-

7.61%) and (-22.25%) in rats treated with both doses of 

A5, respectively, when compared to the animals of 

control group, also the concentration of albumin was 

significantly decreased (p<0.001) by (-8.91%) and (-

19.08%) in rats treated with both doses of A5, 

respectively. The level of globulin showed a significant 

decrease in rats treated with LD50/4 dose of A5 (p<0.05, 

-5.86% reduction) when compared with control, while 

globulin level was significantly decreased in rats treated 

with LD50/2 dose (p<0.001, -26.90% reduction) when 

compared with control. The A/G ratio was not 

significantly different in rats treated with LD50/4 dose of 

A5 (p>0.05), however it shows a significant increase in 

rats treated with LD50/2 of A5 (p<0.05) when compared 

with control. 

Liver function tests showed that a significant increase 

(p<0.001) in the levels of AST (+43.16% and +68.32 for 

LD50/4- and LD50/2- treated rats, respectively), ALT 

(+26.12% and +47.62% for LD50/4- and LD50/2- treated 

rats, respectively) and ALP (+27.55% and +61.17% for 

LD50/4- and LD50/2- treated rats, respectively) after 

injection of both doses of A5 when compared with 

control group. Results also clearly indicated that both 

doses of A5 had a significant increasing effect on serum 

triacylglycerols (p<0.001) by (+23.6%) for LD50/4 and 

(+77.8%) for LD50/2. The LD50/4 dose caused a 

significant increase in total lipids and total cholesterol 

(p<0.05) by (+7.98%) and (+2.65%), respectively, while 

the LD50/2 dose resulted in a significant increase of those 

parameters (p<0.001) by (+22.71%) and (+4.63%), 

respectively. So, both doses of A5 caused a significant 

increase in total lipids and total cholesterol; the 

increasing effect was dose-dependent (p< 0.05 and 

p<0.001 for LD50/4 and LD50/2, respectively). 
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Table 2: Levels of blood parameters in control, LD50/4- and LD50/2- treated rats. 

                       Groups 

Parameters 

Control LD50/4- treated LD50/2- treated 

Mean ± SD Mean ± SD P value Mean ± SD P value 

Glucose (mg/dl) 84.19 ± 4.37 77.32 ± 3.85 < 0.001 63.69 ± 5.57 < 0.001 

Creatinine (mg/dl) 0.59 ± 0.05 0.56  ± 0.04 N.S. 0.53 ± 0.03 < 0.001 

BUN (mg/dl) 21.22 ± 0.77 18.95 ± 1.00 < 0.001 17.12 ± 0.66 < 0.001 

Total proteins (g/dl) 6.83 ± 0.31 6.31 ± 0.46 < 0.001 5.31 ± 0.31 < 0.001 

Albumin (g/dl) 3.93 ± 0.34 3.58 ± 0.21 < 0.001 3.18 ± 0.27 < 0.001 

Globulin (g/dl) 2.9 ± 0.18 2.73 ± 0.38 < 0.05 2.12 ± 0.19 < 0.001 

A/G ratio 1.36 ± 0.19 1.31 ± 0.18 N.S. 1.5 ± 0.17 < 0.05 

AST (IU/L) 35.38 ± 3.49 50.65 ± 3.48 < 0.001 59.55 ± 2.79 < 0.001 

ALT (IU/L) 48.45 ±  5.97 58.08 ± 4.75 < 0.001 67.98 ± 3.69 < 0.001 

ALP (IU/L) 56.11 ± 4.71 71.57  ± 4.48 < 0.001 90.43 ± 7.94 < 0.001 

Total lipids (mg/dl) 161.92 ± 14.34 174.85 ± 13.93 < 0.05 198.69 ± 9.16 < 0.001 

Total cholesterol (mg/dl) 84.86 ±  3.75 87.11 ± 1.82 < 0.05 88.79 ± 3.50 < 0.001 

Triacylglycerols (mg/dl) 77.94 ±  5.33 96.35 ± 5.35 < 0.001 138.58 ± 6.57 < 0.001 

Plasma SOD (IU/L) 50.04 ± 3.50 58.59  ± 5.76 < 0.001 64.67  ± 3.08 < 0.001 

N.S: Non- significant, LD50 /4= 55.33   mg/kg body weight, LD50 /2 = 110.65 mg/kg body weight, p is significant at ≤ 0.05. 

 

The effect of A5 on the plasma level of antioxidant 

enzyme (SOD) indicated that there was a significant 

elevation in SOD level in plasma sample (p<0.001) of 

A5- treated rats by (+17.2%) for LD50/4 and (+29.4%) 

for LD50/2 when compared to control group. 

Liver tissue parameters 

Results of liver analyses presented in Table (3) showed 

that both doses of A5 resulted in a significant decrease 

in the levels of those parameters (p<0.001). The 

percentage of inhibition in LD50/4- and LD50/2- treated 

 

 rats were (-12.82%) and (-35.97%) in case of total 

protein content, (-13.66%) and (-30.87%) in case of 

DNA, and finally (-18.88%) and (-31.96%) in case of 

RNA content, respectively. The effect of A5 on lipid 

peroxidation product (MDA) indicated that there was a 

significant elevation in MDA level in liver tissue 

(p<0.001) of A5-treated rats by (+17.48%) and 

(+22.61%) for LD50/4- and LD50/2 doses, respectively, 

when compared to control group. 

 

Table 3: Levels of liver tissue parameters in control, LD50/4- and LD50/2- treated rats. 

                       Groups 

Parameters 

Control LD50/4- treated LD50/2- treated 

Mean ± SD Mean ± SD P value Mean ± SD P value 

Total proteins (mg/g) 155.00 ± 3.80 135.13 ± 2.36 < 0.001    99.25 ± 3.05 < 0.001    

DNA(mg/g) 3.66 ±  0.41 3.16 ± 0.29 < 0.001   2.53 ± 0.35 < 0.001    

RNA(mg/g) 8.48 ±  0.47 6.88 ± 0.49 < 0.001    5.77 ± 0.45 < 0.001    

MDA (n.mole/g) 41.36 ± 0.90 48.59 ± 1.55 < 0.001   50.71 ± 1.75 < 0.001   

LD50 /4= 55.33   mg/kg body weight, LD50 /2 = 110.65 mg/kg body weight, p is significant at ≤ 0.05. 

 

Discussion 
Although the majority of bacterial infections are under 

control, there is still a great demand for new therapeutic 

agents to fill the remaining gaps, or to combat pathogens 

that have developed resistance to the drug 
[36]

. Antibiotic 

elaborated by the microorganisms were thought to play 

an important role in the suppression of the pathogen 

growth. Streptomyces is the most commercially 

important bacterium for human and veterinary medicine 

because it is one of the main producers of antibiotics 
[37]

. 

The present study aimed to screen the antibiotic- 

producing Actinomycetes isolated from Egyptian soil 

 samples, fifteen organisms have been isolated. The 

isolates were tested for antagonistic activities against 

different strains of Gram-positive and Gram-negative 

bacteria and fungi. The most potent Actinomycete culture 

found among the tested cultures is the culture given the 

abbreviated name (Actino.5). The selected Actinomycete 

was subjected to further studies including morphological 

properties, cultural characteristics and potency for 

antibiotic production. A5 was extracted from fermented 

broth of isolated Streptomyces. 

Studies on bacterial cultures for elucidating the main 

target site of the action of A5 using three different conc- 
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entrations of A5 (MIC, 2MIC and 4 MIC) demonstrated 

a pronounced decrease in the growth rate of S. aureus 

and E. coli cells. Consequently, further studies of the 

effect of different concentrations of A5 on the cellular 

macromolecules of S. aureus and E. coli cells were 

performed. The results clearly indicated that total 

proteins, RNA, DNA, and acid-soluble phosphorous 

contents of S. aureus and E. coli cells were significantly 

decreased by the effect of A5 at the different 

concentrations while a less effect was detected on total 

lipid contents. Such decreases in the total lipids content 

of bacteria treated with A5 have been attributed to a 

variety of modes of action including effect on 

permeability of the cell membrane, biosynthesis of fatty 

acids, interaction with lipids and proteins of cell 

membrane or formation of pore-like structure of cell 

membrane 
[38]

. Such a decrease to the antibiotic property 

of expanding membrane proteins, resulting in 

conformational changes of lipid and protein contents 

which in turn may affect the growth rate of the bacterial 

cells 
[39]

. Also, the remarkable decrease in total proteins 

content was parallel to the significant decrease in both 

DNA and RNA contents which may be due to the 

interaction between the protein synthesis and the 

ribosomes 
[40]

. 

Other reasons for the inhibition or killing of the 

examined bacterial cells may be due to the effect of A5 

on bacterial cell wall synthesis, as investigated and 

confirmed by the accumulation of N-acetylglucosamine, 

either by inhibition of peptidoglycan synthesis or by 

preventing the incorporation of amino acids or cell wall 

precursors into cell wall 
[41]

. Also, analysis of the amino 

acid content by HPLC technique showed the 

accumulation of certain amino acids which may be due 

to the possible action of A5 as a transpeptidase inhibitor 

in the process of peptidoglycan synthesis, resulting in 

the inability of glycine, lysine and alanine to be 

incorporated into cell wall 
[42]

. The morphological 

effects exerted on S. aureus and E. coli cells by the 

action of A5 were clearly indicated by electron 

micrograph photos, which showed rapture of the cells 

treated with A5 with the extrusion of the cytoplasm 

from both bacterial species. Growth of the bacterial 

envelope occurred by two mechanisms, one responsible 

for lateral wall formation and the other for septum 

formation. It has been speculated that, when only one of 

these mechanisms is inhibited, the cell can survive for a 

while since the other mechanism allows surface 

expansion, which creates additional intracellular room 

for the newly synthesized molecule resulting in the 

formation of filamentous shape rather than the wild type 

cocci. On the contrary, the inhibition of both 

mechanisms would have a more rapid bactericidal effect 

since it deprives the cell from any chance for protecting 

the increasing cytoplasmic content. On the other hand, 

some antimicrobial agents prevent cell division without 

inhibiting growth, with the result that abnormally 

elongated cells are developed 
[43]

. Another strong reason 
for the inhibition of bacterial growth by the action of A5 

 may be due to the intercalation effect of A5 between the 

strands of bacterial DNA. The results presented in this 

study clearly indicated that A5 increased the Tm of 

Salmon testis DNA. It seems likely that A5 probably 

exerts a secondary effect through inserting itself between 

the DNA strands. This behavior of A5 is similar to that 

of a classical intercalating compound as ethidium 

bromide 
[44]

. 

Toxicity studies were carried out in the present study in 

order to establish an initial dose level for subsequent 

studies as well as to determine toxic manifestations of 

the antibiotic under test on experimental Albino rats. The 

LD50 of A5 was found to be 221.3 mg/kg body weight. 

As illustrated from the results, A5 caused a highly 

significant decrease in serum glucose of A5-treated rats 

as different antibiotics have been associated with 

hypoglycemia such as levofloxacin 
[45-46]

, clarithromycin 
[47]

, bacitracin 
[48]

 and tetracycline 
[49]

.  

Also, the present results indicated a significant decrease 

in the level of serum creatinine and blood urea nitrogen 

but within normal ranges when compared with untreated 

control rat group, thus suggesting the possible safety of 

A5 on renal function. Several antimicrobial drugs such 

as cefonicid, ofloxacin and gentamycin have no 

significant effects on renal function 
[50]

. However, unlike 

A5, many antibiotics can lead to an increase in serum 

creatinine and/or blood urea nitrogen levels 

(nephrotoxicity) 
[51]

. 

Treatment of rats with A5 caused hypoalbuminemia and 

hypoproteinemia in general, which may be attributed to 

liver inability to synthesize proteins at normal rates or 

decrease in plasma volume because of water loss and 

exchange of individual polypeptides 
[52]

. Another reason 

for lowered levels of total proteins may be due to the 

effect of some antibiotics (such as aminoglycosides) that 

inhibit protein synthesis by interacting with the 

ribosomes 
[40]

. 

A5 treatment showed a highly significant increase in 

liver enzymes ALT, AST and ALP when administered in 

different doses when compared with control group. 

Several antibiotics can cause severe hepatic injury with 

some increasing or decreasing in liver enzyme activity 

levels 
[53]

. Hepatotoxicity is a significant complication of 

therapeutic drug use such as in case of using 

aminoglycosides (tobramycin) 
[54]

, sulfamethoxazole/ 

trimethoprim combination, tetracycline and oxacillin
 [55]

. 

Some morphological changes are known, depending on 

the target cell type; acute or chronic hepatitis, fatty acid 

liver disease (after tetracyclines treatment for long time), 

gallstones (after ceftriaxone treatment), cholestatic type 

acute or chronic liver damage with or without 

inflammation, or mixed forms of liver injury 
[56]

. A5 

showed a highly significant increase in serum total 

lipids, triacylglycerols, and total cholesterol in 

comparison with untreated control rat group. These 

observations of hyperlipidemia and hypercholesterolemia 

can lead to the possibility of these animals developing 

cardiovascular disease (CVD) by promoting atheroma 

development in arteries (atherosclerosis) 
[57]

. 
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Concerning the results of liver samples, it was observed 

that rats treated with A5 showed a significant decrease 

in liver total proteins, DNA and RNA contents 

comparing to control group. So, this decrease in the 

protein content may be attributed to the alterations 

occurring in the DNA of the cells and/or the direct 

effect on the process of its synthesis within the cells. 

Also, the decrease in liver RNA content may be due to 

decrease in RNA polymerase activity, or may be due to 

decrease in the synthesis of RNA 
[52]

. Another study 

proposed that, lowering the rate of DNA synthesis is a 

result of decreasing or inhibition in the activity of the 

enzymes which regulate the synthesis of DNA 
[58]

. 

Also, Slater et al. 
[59]

 suggested that antimicrobial 

agents might interfere with metal ions by forming 

complexes with them and preventing them from 

incorporation into metalloproteins necessary for DNA 

synthesis. 

Finally; the results obtained by the action of A5 on 

antioxidant system obviously showed that, A5 had a 

highly significant capacity to elevate plasma levels of 

SOD enzyme and MDA level in liver tissue. On the 

other hand, rifamycins can suppress the de novo 

synthesis of Mn-SOD and also ciprofloxacin antibiotics 

can induce the production of O2
-
 leading to high 

oxidative stress due to lowering the activity of SOD 
[60]

. 

Lacking of SOD develops a wide range of pathologies, 

including hepatocellular carcinoma 
[61]

, acceleration of 

muscle mass loss 
[62]

 and a reduced lifespan 
[63]

. 

Working on tertracycline antibiotics proved that 

tetracyclines led to development of oxidative stress 

which is obviously indicated by the increase in lipid 

peroxidation and moderate decrease in SOD and 

catalase activities 
[13]

. Many studies have demonstrated 

the ability of aminoglycosides to facilitate the 

generation of oxygen free species where, despite their 

beneficial effects as antibacterial therapy, they have 

considerable nephrotoxic and ototoxic side effects 
[64]

. 

As reported by Yazar et al. 
[65]

 streptomycin and 

gentamycin caused increases in renal MDA levels, so 

aminoglycoside-induced nephrotoxicity is related to 

lipid peroxidation and at high dosage or for a long time, 

tissue injury may occur in the kidney. 

In conclusion, a new potent antibiotic (A5) was isolated 

and purified from a Streptomyces species. A5 affects 

cell wall synthesis and intracellular macromolecule 

content of both Gram +ve and Gram -ve bacteria. 

Regarding its effect on animal cells, A5 caused some 

minimal side effects at the acute lower dose used, 

while, at the higher acute dose, a more pronounced 

effect was observed. Further studies with A5 are 

needed in order to elucidate its mechanism of action on 

bacterial cells in more details, as well as studies with 

lower chronic doses of A5 in order to determine its 

potential therapeutic use. 
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