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ABSTRACT 

The depressive effect of actinophages on growth of actinomycete and its production of bioactive 

metabolites was investigated in the present study. Moreover, to protect actinomycete against actinophage 

attack immobilization in alginate beads was used. Presence of actinophages in the liquid culture of 

actinomcete (AC2) free cells, markedly reduced the fresh and dry weight of its mycelium as compared to 

the free cells culture in absence of actinophages. Whereas, the highest fresh and dry weight of mycelium 

were recorded in alginate immobilized culture. In case of actinomycete immobilized cells, presence of 

actinophages had no marked effect on the fresh and dry weight of mycelium. The highest amount of 

metabolites were produced by immobilized actinomycete as compared to that produced by the free cells. 

Presence of actinophages had no marked effect on the amount of metabolites produced by immobilized 

cells. Using gas chromatography–mass spectrometry (GC-MS) analysis, five chemical compounds were 

detected in metabolites of actinomycete isolate (AC2). 
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INTRODUCTION  

Several actinomycetes are able to 

produce many antibiotics as secondary 

metabolites. Actinomycetes, especially 

Streptomyces species (spp.) are very 

important since they have long been used 

against bacterial infections as biocontrol 

agents (Cox et al., 2017). 

Quach et al. (2016) reported that 

Streptomyces spp. are Gram-positive 

bacteria localized in the soil and they have a 

part in the medical industry. More than two-

thirds of antibiotics that clinically used are 

produced by Streptomyces spp.  

Zhu et al.  (2014) determined that secondary 

metabolites are mostly produced by 

filamentous microorganisms (fungi and 

bacteria of the order Actinomycetales), 

which account for 90% of all antibiotics 

known. Actinomycetes, the majority of 

which belong to the genus Streptomyces, 

produce almost two-thirds of all antibiotics. 

Until recently, tens of thousands of natural 

antimicrobial agents have been extracted 
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from microbial sources, but this number 

likely represents just a small part of the total 

number of bioactive chemicals that could be 

created. Lamsa et al. (2016) reported that 

Streptomyces are productive sources of 

antibacterial, antifungal, and anticancer 

compounds which were widely used for 

treating various human infections.. In 

addition, Peters et al. (2018) reported that 

actinophage infection and lysis of cells have 

been recorded with a few actinomycetes 

which used in the pharmaceutical industries 

leading to low-quality of the end-products, 

failure of fermentation, and consequently 

substantial economic losses. Interestingly, 

infection of Streptomyces with actinophages 

was detected in the streptomycin 

commercial production resulting in lower 

yields of streptomycin.  

The present study aimed to investigate the 

depressive effect of actinophages on growth 

of actinomycete and its production of 

bioactive metabolites. Moreover, attempt 

will be made to protect actinomycete against 

actinophage attack.  

 

MATERIALS AND METHODS 

 

Actinomycetes isolates 

An actinomycete isolate (AC2) of high 

antagonistic activity against Staphylococcus 

aureus, Escherichia coli, Klebselia sp. and 

Bacillus cereus which was isolated 

previously by Hammad et al. (2025) from 

soil and compost samples was used in this 

study.   

 

Actinophages  

Two actinophage isolates specific to 

actinomycete isolate (AC2) were isolated 

previously by Hammad et al. (2025) from 

soil and compost samples and designated 

ØAC2a and ØAC2b were used in this 

study.  

 

Preparation of actinomycete cultures  

The actinomycete isolate was intense 

streaked on plates containing starch nitrate 

agar medium and incubated at 30
°
C for 

seven days. Using a sterile cork borer, 6 mm 

agar discs were taken from well-grown 

actinomycete culture plates. Five discs were 

placed in a 100ml conical flask containing 

50 ml of starch nitrate broth medium and 

incubated for 7 days at 30
°
C (giving 

10
8
cfu/ml). This liquid culture was used to 

prepare free cells culture and immobilized 

cells.    

a- Alginate-immobilized cells inoculum: 

Alginate immobilized beads of 2mm in 

diameter containing cells of actinomycete 

isolate (AC2) were prepared as described by 

Hammad (1998) 

b- Free cells culture 

One liter conical flasks each containing 

500 ml of starch nitrate broth medium were 

prepare and subjected to the following 

treatments: 

1- Inoculation with free cells. 

2- Inoculation with free cells and phage 

suspension. 

3- Inoculation with immobilized cells. 

4- Inoculation with immobilized cells 

and phage suspension. 

Three replicates were involved for each 

treatment. 

In case of inoculation with free cells, 5 

ml of the prepared actinomycete liquid 

culture (10
8
cfu/ml) were added to each 

flask.  

In case of inoculation with the 

immobilized cells, a calculated weight of 

beads containing the same number of 

actinomycete cells (in the 5 ml of free cells 

inoculum) was added to each flask. 

In treatments, which received phages, 

5 ml of mixed phage suspensions were 

added to each flask. This phage mixture was 

prepared by mixing equal amounts of the 
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high titer suspensions of the two phage 

isolates. 

The flasks were incubated at 30ºC for 

10 days, and then the contents of every flask 

were centrifuged at 10 rpm for 15 min. The 

supernatant of every treatment was collected 

and stored at 4ºC.  

The fresh and dry weight of biomass of 

every treatment was determined. The 

biomass was dried at 70ºC until constant 

weight. 

 

Extraction of bioactive metabolites: 

Antimicrobial substances were 

extracted from the supernatant of every 

treatment using three organic solvents (ethyl 

acetate, ethanol, and diethy either) at rate of 

1:10 as described by Raja and Prabakaran 

(2011). Each solvent was mixed with the 

supernatant and subjected to vigorously 

stirring for overnight. The extracts were then 

separated, dried and stored at 4°C.  

The extract was subjected to GC/MS 

Analysis.  

 

Gas chromatography–mass spectrometry 

(GC-MS) analysis 

The chemical composition of the 

samples were performed according to  

Mokhtar et al. (2023) using Trace GC1310-

ISQ mass spectrometer (Thermo Scientific, 

Austin, TX, USA) at the Regional Center for 

Mycology and Biotechnology (RCMB) at 

Al- Azhar University.  

 

 

RESULTS AND DISCUSSION 

Effect of actinophages on growth of 

actinomycete (AC2) 

Data presented in Table (1) indicated 

that presence of actinophages in the liquid 

culture of actinomcete (AC2) free cells, 

markedly reduced the fresh and dry weight 

of its mycelium as compared to the free cells 

culture in absence of actinophages.  

Moreover, the highest fresh and dry 

weight of mycelium were recorded in 

alginate immobilized culture. 

These data may demonstrate that the 

immobilization system 

gives reasonable condition 

for development and increase of the 

immobilized cells interior the beads. Similar 

observations were found by Fathy (2004). 

In case of immobilized cells of actinomycete 

AC2 the presence of phages had no 

pronounced effect on the fresh and dry 

weight of actinomycete mycelium. Such 

results indicate that the immobilization 

process protect the immobilized cells against 

phage infection. Such protection is due to 

the presence of the actinomycete cells 

interior  beads of alginate that may prevent 

adsorption of phage particles on the surface  

of actinomycte cells, and hence no infection 

can be happened. 

 Therefore, the lytic action of phages in case 

of immobilized cells is restricted only on the 

cells released from alginate beads (El-

Balkhi et al., 2006).
 

Table (1): Fresh and dry weight of actinomycete (AC2) grown for 10 days in form of free 

and immobilized cells in presence and absence of actinophages. 
Actinomycte Isolates Fresh weight of mycelium(g.) 

F F+P M M+P 
 
AC2 

15.80 10.00 16.40 15.94 
Dry weight of mycelium(.g) 

1.00 0.60 1.24 1.16 
F= free cells; F+P= Free cells + phage; M= Immobilized cells; M+P= Immobilized cells +phage 
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Effect of actinophages on production of 

bioactive compounds by actinomycte 

(AC2): 

Data presented in Table (2) indicated 

that in case of using any solvent (ethanol, 

diethyl either or ethyl acetate) the highest 

amount of bioactive compounds was 

produced by immobilized actinomycete 

isolate (AC2) as compared to that produced 

by the free cells. These data may indicate 

that the immobilization process provides 

convenient condition for multiplication and 

growth of immobilized cells interior the 

beads.  

Moreover, in case of using any solvent 

(ethanol, diethyl either or ethyl acetate) the 

lowest amount of bioactive compounds were 

produced by free cells of actinomycete in 

presence of actinophages as compared to the 

other treatments. Such results may indicate 

that presence of actinophages depressed the 

growth of actinomycete and reduced its 

growth and hence reduced the production of 

metabolites.  Peters et al. (2018) reported 

that actinophage infection and lysis of cells 

have been recorded with a few 

actinomycetes which used in the 

pharmaceutical industries leading to low-

quality of the end-products, failure of 

fermentation, and consequently substantial 

economic losses. Interestingly, infection of 

Streptomyces with actinophages was 

detected in the streptomycin commercial 

production resulting in lower yields of 

streptomycin.  

On the other hand, presence of 

actinophages had no marked effect on the 

amount of metabolites produced by 

immobilized cells of actinomycete. Such 

result may indicate that the immobilization 

process protect immobilized cells against 

phage infection (Fathy, 2004). 

 

Gas chromatography–mass spectrometry 

(GC-MS) analysis: 

Results in Table (3) indicated that five 

chemical compounds were found in the 

ethanolic extract of actinomycete isolate 

(AC2) metabolites. 

 

Table (2): Weight of bioactive compounds (g)produced by actinomycete (AC2) extracted by  

different solvents 

 

Solvent 

Treatments 

F F+P M M+P 

Ethanol 2.92 2.68 3.16 3.04 

Diethyl either 1.04 0.82 1.26 1.20 

Ethyl acetate 0.84 0.72 2.00 1.96 

F= free cells; F+P= Free cells+ phage; M= Immobilized cells; M+P= Immobilized cells +phage 
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Table (3): The detected compounds in the ethanolic extract of actinomycete isolate (AC2) 

metabolites. 

No Compound Name Molecular 

Formula 

Molecular 

Weight 

 

1 

2-Nonadecanone 

2,4-dinitrophenylhyda zine 

 

C25H42N4O4 

462 

 

2 

Carbamic acid, N-[10,11-dihydro-5-(2-

methylamino-1-oxoethy l)-3-5H- 

dibenzo[b,f]azepinyl]-, ethyl ester 

 

C20H23N3O3 

353 

 

3 

Ethyl 5-[(methylamino )acetyl]-10,11-di hydro-

5h-dibenz o [b,f]azepin-3-ylc arbamate # 

 

C20H23N3O3 

353 

4 Phthalazine, 1,2-Dihydro-1,4-Dipheny C20H16N2 284 

5 Palmitic acid, 2-(tetradecyloxy) ethyl ester C32H64O3 496 

 

The first compound is 2-Nonadecanone 2,4-

dinitrophenylhyda zine. As shown in 

Figure (1) its formula C25H42N4O4 and 

MW 462.Thiscompound being a long-chain 

aliphatic ketone, has shown antimicrobial 

properties in some studies. It may have 

antibacterial and antifungal effects, likely 

due to its ability to disrupt microbial cell 

membranes or interfere with microbial 

metabolism. This compound is sometimes 

used in formulations for treating skin 

infections or incorporated into 

antimicrobial agents (Jeeva and 

Krishnamoorthy, 2018). 

 

 

Figure (1): GC/MS chromatogram and chemical structure of ethanolic extract of 

actinomycete isolate (AC2) metabolites. 

 

The second compound is Carbamic 

acid, N-[10,11-dihydro-5-(2-methylamino-

1-oxoethy l)-3-5H- dibenzo[b,f]azepinyl]-, 

ethyl ester. The formula of this compound is 

C20H23N3O3 and MW 353as indicated in 

Figure (2).There’s no direct evidence to 

suggest this compound has strong 

antibacterial or antifungal activity. It is 

more likely a pharmacologically active 

compound used for treating neurological 

conditions rather than infections. The 

structure suggests it might be used in 

psychotropic or neuropharmacological 

treatments (Desbois and Smith, 2010). 
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Figure (2): GC/MS chromatogram and chemical structure of ethanolic extract of 

actinomycete isolate (AC2) metabolites. 

 

Moreover, Ethyl 5-[(methylamino 

)acetyl]-10,11-di hydro-5h-dibenz o 

[b,f]azepin-3-ylc arbamate was detected in 

the metabolite ethanolic extract of 

actinomycete AC2 which has MW 353 and 

formula C20H23N3O3 as shown in Figure 

(3).This compound seems to be more related 

to psychiatric or neurological drugs, with 

no clear connection to antibacterial or 

antifungal properties, while some research 

indicates potential anticancer activity. It 

likely works on neurotransmitter systems 

rather than having antimicrobial effects. 

(Sharma and Sharma, 2011). 

Phthalazine, 1,2-Dihydro-1,4-Diphenyl: 

Phthalazine, 1,2-dihydro-1,4-

diphenylhas MW 284 and its formula is 

C20H16N2 (Figure 4). It is known to bean 

antitumor agent it has also shown potentially 

targeting certain cancers by inhibiting the 

growth and spread of blood 

vessels. Additionally, it has 

demonstrated antimicrobial and anti-

inflammatory properties (Maghdu and 

Palaniyappan, 2014).   
 

 
Figure (3): GC/MS chromatogram and chemical structure of ethanolic extract of 

actinomycete isolate (AC2) metabolites. 
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Figure (4): GC/MS chromatogram and chemical structure of ethanolic extract of 

actinomycete isolate (AC2) metabolites. 

 

 

Palmitic acid, 2-(tetradecyloxy) ethyl 

ester 

The molecular weight of palmitic acid is 

496 and its formula is C32H64O3 as 

indicated in Figure (5). Palmitic acid itself 

has shown some antibacterial properties, 

though it's not typically classified as a 

primary antimicrobial agent. The ester form 

may improve its penetration and 

effectiveness in topical formulations. It 

exhibits both antifungal and antibacterial 

properties, though its effectiveness can vary 

depending on the specific microorganism 

and concentration. While it can inhibit the 

growth of certain bacteria and fungi, but 

there is limited evidence supporting it as a 

strong antifungal or antibacterial agent 

(Saravanan et al., 2016). 

 

 

 
Figure (5): GC/MS chromatogram and chemical structure of ethanolic extract of 

actinomycete isolate (AC2) metabolites. 
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 العربً الملخص

 

 

 تأثير الاكتينىفاجات علً نمى عسلة اكتينىميسيتات وانتاجها لمىاد رات نشاط بيىلىجً

 

 عادل محمىد محمذ حماد , محمذ زكً حسن علً , إنعام محمذ محسن فكري عمر

جامعة‏المنيا‏–كلية‏الزراعة‏‏–قسم‏الميكروبيولوجيا‏الزراعية‏  

 

 

فاج علً ًوى عسلت أكخٌُىهُسُخاث وإًخاجها لوىاد ًشطت بُىلىجُا. ، لحواَت عسلت الخأثُر الوثبط للأكخٌُىحن دراست 
الأكخٌُىهُسُخاث هي الاصابت بالأكخٌُىفاج، حن اسخخذام حثبُج خلاَا الاكخٌُىهُسخاث فٍ حبُباث الألجٌُاث. أدي وجىد 

هلحىظ فٍ الىزى الطازج والجاف للوُسُلُىم الأكخٌُىفاجاث فٍ الوسرعت السائلت لخلاَا الأكخٌُىهسُخاث الحرة إلً اًخفاض 
بوسراعت الخلاَا الحرة فٍ غُاب الأكخٌُىفاجاث. فٍ حُي حن حسجُل أعلً قُن للىزى الطازج والجاف للوُسُلُىم فٍ  هقارًتً

الوسرعت الوثبخت بالألجٌُاث. فٍ حالت الخلاَا الوثبخت ، لن َكي لىجىد الأكخٌُىفاج أٌ حأثُر واضح علً الىزى الطازج والجاف 
الوىاد الٌشطت بُىلىجُا بىاسطت الأكخٌُىهُسُج الوثبخت هقارًتً بخلك الخٍ حٌخجها الخلاَا للوُسُلُىم. حن إًخاج أعلً كوُت هي 

الحرة. لن َكي لىجىد الأكخٌُىفاجاث أٌ حأثُر هلحىظ علً كوُت الوىاد الٌشطت بُىلىجُا الخٍ حٌخجها الخلاَا الوثبخت. وباسخخذام 

كُوُائُت فٍ الوىاد الٌشطت بُىلىجُا الوٌخجت  ت هركباث(، حن الكشف عي خوسGC-MSححلُل الغاز الكروهاحىجرافٍ )

 (.AC2بىاسطت  عسلت الأكخٌُىهُسُخاث )

 


