
 

 

*Corresponding author. E-mail: shwan.rachid@charmouniversity.org 

Cellular and Molecular Biology, 2022, 68(5): 34-46 
 

 
 

Physiological Regulation for Enhancing Biosynthesis of Biofilm-inhibiting Secondary 

Metabolites in Streptomyces Cellulosae 

Kochar Idrees Mahmood1,2,3, Hastyar Hama Rashid Najmuldeen2,4, Shwan Kamal Rachid1, * 

1Charmo Research Center, Charmo University, Chamchamal 46023, Kurdistan Region-Iraq  
2Medical Laboratory Analysis Department, Cihan University Sulaymaniyah, Sulaymaniyah 46001, Kurdistan Region, Iraq 
3Kurdistan institution for strategic studies and scientific research, Sulaymaniyah 46001, Kurdistan Region, Iraq 
4Department of Biology, College of Science, University of Sulaimani, Sulaymaniyah 46001, Kurdistan Region, Iraq  

 

ARTICLE INFO 
 

  

Original paper 
 

Article history: 

Received: January 01, 2022 

Accepted: March 09, 2022 

Published: May 31, 2022 

 
 

Keywords:  

Streptomyces, Natural products, 

Bioactive metabolites, Biofilm, 

Antibiofilm, Pseudomonas 

aeruginosa 

 

ABSTRACT 
 

 

Although the production of the secondary metabolite is frequently restricted, methods to regulate and 

optimize their synthesis are extremely beneficial. The current study proposes to enhance the production 

of antibiofilm metabolite in Streptomyces cellulosae (S. cellulosae). It was isolated from soil by growing 

on Gause's media and identified by colony morphology and genomic sequencing of 16S rDNA. 

Antibacterial and antibiofilm activities of the isolates were screened against a series of pathogenic 

bacteria by agar plug diffusion and 96 well microtiter plate methods, respectively. Physiological 

regulation of the bacterial bioactivity against biofilm formation was monitored under different cultural 

conditions. The isolated Streptomyces sequence analysis of the 16S rDNA was 100% identical to the 

sequence of S. cellulosae strain NBRC 13027. Physical (temperature and pH) and chemical (carbon, 

nitrogen, and minerals) culture medium factors have shown variable impacts on the growth and 

bioactive substances of S. cellulosae. Moreover, results of simple linear regression and correlation 

suggested that most of the physiological regulations with the highest response (r2= 0.85-0.99; p<0.01) 

and linearly (r= 0.88-0.99; p<0.01) were correlated between microbial biomass and crude extract. 

Lastly, under different culture growth conditions, biofilm inhibition was tested against Pseudomonas 

aeruginosa (P. aeruginosa). The physiological regulation results exhibited that 1 μg/mL of the extract 

was the most efficient concentration against biofilm formation in P. aeruginosa while 3 μg/mL is an 

effective bactericidal dose against P. aeruginosa. We concluded that S. cellulosae can produce 

antibacterial and antibiofilm metabolites. Physiological regulation is considered a powerful tool that can 

be used for increasing the biosynthesis of the active metabolites and biomass. 
 

DOI: http://dx.doi.org/10.14715/cmb/2022.68.5.5         Copyright: © 2022 by the C.M.B. Association. All rights reserved. 

Introduction  

Natural products are chemical compounds that are 

spontaneously produced by some biological species 

that are not specifically involved in the organism's 

normal growth and development (1). Historically, 

natural products have played a significant role in drug 

development and have been the basis of earliest 

medicines (2). Natural microbial compounds are 

considered the main and most promising sources of 

novel medications (3). However, there are a limited 

number of known bacterial species capable of 

producing such antimicrobial products. Members of 

the class Actinobacteria are responsible for producing 

over 7000 chemicals as natural antibacterial products 

(4). 

In the last century, Streptomyces species have been 

critical in the production of secondary metabolites and 

drug development. This can be attributed to its wide 

range of biological activities including the production 

of a number of potential antibiotics that are used as 

treatments for infection (5). In addition, some species 

of Streptomyces are able to produce bioactive 

substances that act as antibiofilm agents (3). The 

development of microbial resistance against nearly all 

classes of antibiotics resulted in the loss of their 

therapeutic functions and their reputation as miracle 

drugs (6). Now, global healthcare is threatened and 

facing substantial risks of infectious diseases, 

potentially becoming one of the major causes of death 

worldwide (7, 8).  

Bacterial signalling pathways control transcription 

and expression of virulence genes, antibiotic 

production, and regulation of vital phenotypic 

characteristics such as biofilm formation (9, 10). 

http://dx.doi.org/10.14715/cmb/2022.68.5.5
https://creativecommons.org/licenses/by/4.0/
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Biofilms are complex structures containing sessile 

cells. This trait was developed to enable bacteria to 

survive and grow in extreme environments (11). 

Numerous chronic and persistent illnesses are caused 

by biofilm-forming bacteria, and their proliferation is 

responsible for more than half of all nosocomial 

infections (12). Although the temporal aspect of 

secondary metabolism is undoubtedly a genetic trait, 

its expression may be considerably affected by 

environmental adjustments. As a result, secondary 

metabolism is frequently triggered by nutritional 

exhaustion, inducer addition, and/or a decline in 

growth rate (13).  

The biosynthesis of biologically active compounds 

depends on bacterial growth conditions and the 

utilization of different macro- and micronutrients (14). 

The local environment determines the biodiversity of 

microorganisms in ecosystems, and that might 

contribute to the production of new secondary 

metabolites (15, 16). Thus, the capacity of bacteria to 

generate antimicrobial compounds under different 

environmental conditions can be regulated by 

enhancing or diminishing the production of secondary 

metabolites (17). Since the production of secondary 

metabolites is often limited, methods to regulate and 

improve their synthesis are highly beneficial (18). 

Manipulation of nutritional and physical 

characteristics of culture conditions can be used to 

improve growth and increase the production of 

biologically active compounds. Hence, media 

composition is critical to the productivity and 

profitability of the overall process. Thus, selecting the 

appropriate fermentation medium is crucial in the 

regulation and generation of secondary metabolites 

(19).  

The current study aims to investigate the 

biosynthetic compounds that potentially have anti-

biofilm activity against pathogenic bacteria and to 

regulate the synthesis of the secondary metabolites 

through the optimization of bacterial growth factors. 

 

Materials and Methods 

Soil sampling and Isolation of Streptomyces 

Samples were obtained by removing 10 cm of the 

upper layer soil surface and collecting samples at 20-

40 cm depth in search of Streptomyces spp. as 

previously described (20). Soil were suspended in 

sterile distilled water and serially dilutions were 

prepared to inoculate Gause's Synthetic Agar (GSA) 

plates (soluble starch: 20.0 g; KNO3: 1.0 g; K2HPO4: 

0.5 g; MgSO4·7H2O: 0.5 g; NaCl: 0.5 g; FeSO4·7H2O: 

0.01 g; agar: 10.0 g; and distilled water: 1,000 mL) 

(21). The plates were incubated at 28°C for seven 

days, and cultured spores of Actinomycetes colonies 

were collected and stored at -80°C until use. 

 

Fermentation (Batch culture method) 

100 mL of tryptic soy broth (TSB) was inoculated 

with 100 µL spore stock (1x108 spores/mL) to provide 

homogenous growth and prevent clumping using 

Erlenmeyer flasks (500 mL) (22). Flasks were 

incubated at 28°C for 48 h in a shaking incubator at 

200 rpm (Multi-Stack Shaking Incubator LSI-5004M, 

Indonesia). After adjusting the concentration of the 

pre-culture bacteria to OD600 = 0.1, a portion of the 

inoculum was inoculated (5% v/v) into TSB and 

incubated for 96 h.  

 

Genomic DNA isolation 

The isolated Actinomycetes with a potent 

antimicrobial activity were selected and aseptically 

inoculated into 250 mL screw cap bottles containing 

30 mL of autoclaved TSB medium. They then were 

aerobically incubated at 28°C in a shaker incubator at 

200 rpm for two days. After harvesting the biomass, 

genomic DNA was extracted using the Presto™ Mini 

gDNA Bacteria Kit (Geneaid Biotech Ltd., New 

Taipei City, Taiwan) following manufacturer 

protocol. DNA quality and concentration were 

verified using a NanoDrop spectrophotometer 

(Thermo Fisher Scientific, Waltham, MA, USA). 

 

PCR amplification of Streptomyces 16S rDNA 

PCR primers were designed to amplify the 16S 

rDNA fragment from the genomic DNA of 

Streptomyces spp. as previously described (23). The 

sequences and properties of the primers were: 

forward: 5'-GACAAGCCCTGGAAACGGGGT-3' 

and reverse 5'-GCTCGTGTCGTGAGATGTTGGG-

3', synthesized by Macrogen (Seoul, South Korea). 

PCR was performed using a DNA thermocycler 

(Eppendorf, Hamburg, Germany) to amplify the 

targeted 16S rDNA fragments (~ 900 bp) of the soil 

isolated Actinomycetes. The reactions were performed 

in a final volume of 30 µL including 10 µL of Ready-

to-use PCR mixture (prepared following manufacturer 
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protocol EasyTaq® PCR SuperMix (2×)), 1.5 µL of 

forward primer (10 pmol/μL), 1.5 µL of reverse 

primer (10 pmol/μL), 3 µL of genomic DNA template, 

14 µL of ddH2O. The program was performed as 

follows: initial denaturing at 95°C for five min, 35 

cycles of denaturation at 95°C for 30 sec, annealing at 

60°C for 40 sec, extension at 72°C for 45 sec, and 

final extension at 72°C for 3 min.  

 

Gel electrophoresis and sequencing 

The amplified PCR products (amplicon ~ 900 bp) 

were loaded on 1.5 % (W/V) pure agarose (diluted in 

100 mL of 1X Tris Borate EDTA (TBE) buffer). 5 µL 

of the product was run through the gel using 

electrophoresis at 90 Volts for 1 h. Sequencing was 

performed by using the Sanger technique (Daejeon, 

Republic of Korea), and the consensus sequence was 

obtained using BioEdit version 7.2.5 software 

program. 

 

Screening for biological activity 

Antibacterial activity 

Streptomyces was grown on GSA plates and 

incubated at 28°C for seven days to diffuse microbial 

metabolites into the agar medium during growth. 

After incubation, 7mm diameter cores of agar plugs 

were aseptically removed with a sterile Cork borer 

and face-to-face deposited on the agar surface (Muller 

Hinton agar) that previously inoculated the cells of 

Micrococcus luteus (M. luteus) ATCC 19404, 

Pseudomonas aeruginosa (P. aeruginosa) ATCC 

9027, Escherichia coli (E. coli) ATCC 8739, 

Salmonella abony (S. abony) NTCT 6017, 

Bacillus subtilis (B. subtilis) ATCC 19659, 

Staphylococcus aureus (S. aureus) ATCC 6538, 

Acinetobacter baumannii (A. baumannii) ATCC 

19606 and Candida albicans (C. albicans) ATCC 

10231. Core deposition was followed by incubation at 

30ºC for 24 h for bacteria and 48 h for fungal samples. 

The antimicrobial activity of the Actinomycetes was 

measured through the production of the inhibition 

zone around the agar core plugs (24, 25).  

 

Antibiofilm activity  

Screening for antibiofilm activity was performed 

using a crystal violet staining assay as described (26-

28). The analysis was performed on 96-well, flat-

bottomed, polystyrene plates (SPL life sciences, 

Korea).  

After incubation at 28ºC and 200 rpm shaking for 

96 h, the fermented Streptomyces was centrifuged at 

25°C and 4000 rpm for 15 min. The cell-free 

supernatant was filtrated through a sterile syringe 

filter (pore diameter 0.22 µm). 50 µL of the filtrated 

culture was then used for antibiofilm screening. 

Standard bacterial strains were tested (M. luteus 

ATCC 19404, P. aeruginosa ATCC 9027, E. coli 

ATCC 8739, S. abony NTCT 6017, B. subtilis ATCC 

19659, S. aureus ATCC 6538, A. baumannii ATCC 

19606 and C. albicans ATCC 10231).  Subsequent 

incubation at 37°C for 24 h for bacteria and 48 h for 

fungi was conducted. The experiments were carried 

out in five replicates, and the final values are reported 

as mean ± SD.  

The planktonic cells were then washed three times 

with distilled water (DW) while the sessile cells in the 

biofilms remained bound to the bottom of the wells. 

After drying at room temperature, the biofilm cell 

mass was estimated by adding 200 µL of crystal violet 

(0.5% V/V) to each well followed by incubation at 

room temperature for 15 min. The excess unbound 

crystal violet was then washed and removed with 200 

µL DW. The stained biofilm in each well was then 

resuspended in 200 µL ethanol: acetone (80:20) (v/v). 

The absorbance of dissolved biofilm was measured at 

595 nm using a microplate reader (Biorad 

spectrophotometer, Beckman Instruments). Biofilm 

production was expressed as the intensity of the stain 

that bound to the plates. 

 

Measurement of bacterial viability  

Bacterial growth density was determined in both 

treated (broth medium mixed with extract) and 

untreated (broth medium alone) samples using the 

viable plate count method as previously described 

(29). Bacterial cultures were diluted ten-fold in a 96-

well microplate by transferring 20 µL of bacterial 

culture into 180 µL sterilized DW. Then, from each 

dilution, 50 µL triplicates were placed on the surface 

of nutrient agar and left to dry. Plates were inverted 

and incubated at 37°C for 24 h. Results were 

estimated as CFU/mL. 

Physiological Regulation  

The biomass and generation of bioactive 

metabolites of the Streptomyces cellulosae (S. 
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cellulosae) were monitored and regulated 

physiologically. This was conducted through 

fermentation under physical (pH and temperature) and 

chemical (carbon sources, nitrogen sources, NaCl, 

MgSO4·7H2O, K2HPO4, and FeSO4·7H2O) variables 

of Gause's media.  

The bacterial biomass was measured periodically at 

four-time intervals (24, 48, 72 and 96 h). Five 

replicates were measured for each time interval. The 

fermented cultures were extracted twice by using 

ethyl acetate 1:1 (v/v). The organic layers were 

separated and dried by a rotary evaporator (Heidolph, 

GmbH & CO., KG, Germany) under reduced pressure 

(9, 30). The dried crude product, which was reddish-

brown in colour, was suspended in absolute methanol 

and stored at -20°C. Different concentrations of 

obtained extract (0.0, 0.5, 1, 2 and 3 µg/mL) were 

tested against biofilm-forming P. aeruginosa ATCC 

9027 (previously prepared OD600= 0.1, to prepare a 

ratio 1:100).  

 

Influence of physical factors  

100 mL of sterilized Gause’s media was inoculated 

in triplicate with a stock of pre-cultured S. cellulosae 

in 250 mL Erlenmeyer flasks. A regulation under 

different pH values (5, 6, 7 and 8.5) was performed, 

and cultures were grown at 28°C in a shaking 

incubator (200 rpm) for 96 h. Fermentation under 

different temperatures (15, 20, 28 and 40°C) was also 

used as a method of physical regulation with an 

incubation period of 96 h. and a pH of 7 (31). 

 

Influence of chemical factors  

Media starch was substituted with other carbon 

sources such as sucrose, maltose, glucose and xylose 

at different concentrations (10, 15, 20 and 25 g/L). 

The impacts on regulation as a result of the substituted 

carbon sources were then examined (32). The nitrogen 

source (KNO3), sodium nitrate, aspartic acid and 

peptone were tested at different concentrations (0.5, 1, 

2 and 4 g/L).  

Other ingredients including NaCl, MgSO4 and 

K2HPO4 were tested at concentrations of 0, 0.5, 1 and 

2 g/L while testing for FeSO4 was arranged at a 

different set of concentrations (0, 5, 10 and 20 mg/L).  

Estimation of biomass (dry cell weight)  

Culture aliquots of 2 mL were collected at different 

time intervals (24, 48, 72, and 96 h) and transferred to 

pre-dried and pre-weighed Eppendorf tubes. They 

were then centrifuged at 10,000 rpm for 15 min at 

4°C. Pellets were then collected and washed in sterile 

DW, centrifuged at 10,000 rpm for 15 min, and dried 

at 55°C to obtain biomass weight. 

 

Statistical analysis 

GraphPad Prism software version 6 (GraphPad, 

California, USA) was used for statistical analysis. The 

experimental results were expressed as the mean ± 

SD. Groups were compared by analysis of variance 

using a one-way ANOVA and a Dunnett's multiple 

comparisons test. A p-value of less than 0.01 was 

regarded as statistically significant. Significance was 

defined as single star (*) p < 0.01, and double stars 

(**) p <0.001 (grey stars represent significant impact 

against biofilm and black stars represent significant 

impact against viable count). Pearson’s correlation 

coefficients (r-value; p<0.01) between growth-

metabolite data sets has been used as a common 

approach to identify the direction and strength of 

correlation between them. Likewise, a simple linear 

regression (r2=value; p<0.01) was used to determine 

the response between growth-metabolite data sets. 

 

Results and discussion  

Morphology and molecular identification 

Rough brown-grey colonies of Streptomyces were 

observed on Gause's agar, and the microscopic 

examination showed gram-positive, spore-forming, 

filamentous bacterium with extensively branched 

aerial mycelia. It showed that the terrestrial isolated 

bacterium is Streptomyces species. 

Molecular identification by PCR amplification of 

16S rDNA resulted in the generation of ~ 900 bp 

amplicon of DNA fragments. The sequence analysis 

of the amplified 16S rDNA was 100% identical to the 

sequence of S. cellulosae strain NBRC 13027. The 

DNA sequence was deposited in Genbank (NCBI) 

with an accession number OM978381.  

Antimicrobial and Antibiofilm activities 

Among the tested microbes, the S. cellulosae agar 

plug showed the highest inhibition activity against the 

growth of P. aeruginosa ATCC 9027, C. albicans 

ATCC 10231 and A. baumannii ATCC 19606 (25.0 ± 

2.6 mm; 21.0 ± 3.0 mm; 20.33 ± 3.1 mm, 

respectively). The lowest inhibition zone, however, 

was recorded against the growth of E. coli ATCC 
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8739 (13.0 ± 2.0 mm) (Table 1). The biofilm 

inhibition of the filtrated Streptomyces culture against 

P. aeruginosa showed the highest impact (p<0.01) 

among the other tested bacteria (Table 1). Thus, 

P. aeruginosa ATCC 9027 was selected as a 

biological indicator for quantitative analysis of the 

biofilm inhibiting bioactive metabolites. 

 

Table 1. The effects of active products of S. cellulosae 

against growth and biofilm of some microbes using agar 

plugs diffusion assay and crystal violet staining method for 

biofilm formation. Data represent the mean ± SD of three 

independent experiments (p<0.01). 

Tested strains 
Inhibition Zone 

(mm), (mean ± SD) 

Biofilm 

Inhibition 

Micrococcus luteus ATCC 19404 19.2± 2.8 + 

Pseudomonas aeruginosa ATCC 9027 25.0± 2.6 ++ 

Escherichia coli ATCC 8739 13.0 ± 2.0 + 

Salmonella aboney NTCT 6017 13.8 ± 2.0 + 

Acinetobacter baumannii ATCC 19606 20.3 ± 3.1 + 

Bacillus subtilis ATCC 19659 13.2 ± 1.3 + 

Staphylococcus aureus ATCC 6538 19.2 ± 1.0 - 

Candida albicans ATCC 10231 21.0 ±3.0 + 

(++): Highly significant effect, (+): significant effect, (-): No significant 

effect. 

 

Physiological regulation of growth and metabolite 

production 

It has been shown that chemical and physical 

factors are required for the growth and production of 

biologically active metabolites. The linear regression 

provides a suitable model to describe the response 

between microbial metabolites production and 

microbial biomass (Table 2).  

The highest response (r2= 0.94 and 0.92; p<0.01) 

against microbial biomass were recorded for glucose 

and starch, respectively, while NaNO3, aspartic acid 

and peptone (as nitrogen sources) exhibited a different 

response (r2= 0.98, 0.95 and 0.93; p<0.01, 

respectively). Addition of inorganic salts to the 

medium (K2HPO4, MgSO4, FeSO4 and NaCl) resulted 

in higher responses between metabolites and 

microbial biomass (r2= 0.99, 0.98, 0.96 and 0.94; 

p<0.01, respectively).  

The results of conducting the test for biomass-

metabolites variables under different temperatures and 

pH values are reported as r2= 0.94 and 0.85, p<0.01, 

respectively. Moreover, the results of Pearson’s 

correlation coefficients showed the addition of sucrose 

and KNO3 to the medium with negative r= -0.71 and 

weak r= 0.51 (p<0.01) correlation between biomass 

and yield of crude extract. Not surprisingly, the 

correlation of other factors showed that the addition of 

macronutrients, inorganic salts, physical factors on 

microbial biomass and the quantity of crude extract 

exhibited a strong and positive correlation with one 

another (r= 0.88-0.99; p<0.01). Thus, these results 

showed that greater microbial growth (biomass) was 

strongly associated with the production of bioactive 

metabolites (Table 2).  

 

Table 2. Impacts of applying different chemical and 

physical factors on the values of simple correlation (r 

values) and simple linear regression between 

microbial biomass and dry weight of secondary 

metabolites (mg/mL). Simple correlation (R-values) 

to define the direction and strength of the 

relationship. Simple linear regression (R2 values) to 

define the strength response between two variables 

(p<0.01). 

Parameters 

I. Effects of Macronutrients on relationship between biomass 

(mg/mL) & dry weight metabolites (mg/mL) 

A. Addition of different carbon sources to 

the medium (g L-1) 

Simple 

correlation 
(R-values) 

Simple linear 

regression 
(R2-values) 

1. Starch (10, 15, 20, 25 g L-1) 0.96 0.92 

2. Xylose (10, 15, 20, 25 g L-1)  0.88 0.79 

3. Maltose (10, 15, 20, 25 g L-1)  0.79 0.63 

4. Sucrose (10, 15, 20, 25 g L-1) -0.71 0.51 

5. Glucose (10, 15, 20, 25 g L-1) 0.97 0.94 

B. Addition of different nitrogen sources to 

the medium (g/L) 

Simple 

correlation 

(R-values) 

Simple linear 

regression 

(R2-values) 

1. KNO3 (0.5, 1, 2, 4 g L-1) 0.51 0.26 

2. Peptone (0.5, 1, 2, 4 g L-1)  0.96 0.93 

3. NaNO3 (0.5, 1, 2, 4 g L-1) 0.99 0.98 

4. Aspartic acid (0.5, 1, 2, 4 g L-1)  0.97 0.95 

II. Effects of Microelements on relationship between biomass 

(mg/mL) & dry weight metabolites (mg/mL) 

Addition of different mineral sources to 

the medium (g/L). 

Simple 
correlation 

(R-values) 

Simple linear 
regression 

(R2-values) 

1. NaCl (0, 0.5, 1, 2 g L-1) 0.97 0.94 

2. MgSO4 (0, 0.5, 1, 2 g L-1) 0.99 0.98 

3. K2HPO4 (0, 0.5, 1, 2 g L-1) 0.99 0.99 

4. FeSO4 (0, 0.5, 1, 2 g L-1) 0.98 0.96 

III. Effects of physical factors on relationship between biomass 

(mg/mL) & dry weight metabolites (mg/mL) 

Different pH (8.5, 7.2, 6, 5) 0.92 0.85 

Different Temperatures (15, 20, 30,40 C) 0.97 0.94 

 

In our study, using 1μg/mL of crude extract 

displayed a significant biofilm inhibition among the 

tested concentrations (0.0, 0.5, 1 and 2 μg/mL) under 

different culturing conditions. Different volumes (0.0, 

0.5, 1, 1.5, 2 µg/mL) of the extracted metabolites at 

different pH values (8.5, 7, 6, and 5) and various 

temperatures (15, 20, 28, and 40°C) exhibited variable 

inhibitory impacts against the biofilm of P. 
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aeruginosa ATCC 9027. Figure (1 A) illustrates that 

regulation under pH 8.5 and pH 7 with 1 µg/mL of 

extracted metabolites extremely reduced the biofilm 

formation of P. aeruginosa (OD595nm= 0.97 ± 0.06 and 

1.63 ± 0.39, respectively) when compared to the 

untreated group (OD595nm= 2.38 ± 0.19). This 

reduction of biofilm formation at pH 8.5 and pH 7 

was accompanied with no significant effect on the 

bacterial viable count (log10CFU/mL= 11.12 ± 0.06 

and 11.13 ± 0.01 respectively, in comparison with the 

untreated culture (log10CFU/mL= 11.13 ± 0.01). 

Using 3 μg/mL of the extracted culture at pH 8.5, 7 

and 6 was bactericidal against P. aeruginosa 

(log10CFU/mL= 10.88 ± 0.02, 10.87 ± 0.02, and 11.04 

± 0.03, respectively). 

In terms of the influence of incubation temperature, 

it is evident that 28°C provided the most effective 

biofilm inhibition (Figure 1 B). The extracted 

metabolites exhibited the most significant biofilm 

inhibition when 1 μg/mL was used (OD595nm= 2.61 ± 

0.08) while it was OD595nm= 3.05 ± 0.02 in the raw 

bacterial growth. However, the bactericidal effect 

shown was log10CFU/mL= 11.07 ± 0.01 and 11.07 ± 

0.02 respectively, when 3 μg/mL of extracted 

metabolites under 20°C and 28°C incubation 

conditions were used. 

 

 

Figure 1. Physiological regulation of extracted metabolites (1 μg/mL and 3 μg/mL) (A): pH values (8.5, 7, 6 and 5). (B): 

Temperature degrees (15 °C, 20 °C, 28 °C, and 40 °C) for 96 h incubation. Ctrl: untreated culture; red color: represents the 

effects of crude extract on viable count of P. aeruginosa; blue color: represents the effect of the crude extract on biofilm of P. 

aeruginosa. 

 

Different carbon sources (starch, xylose, maltose, 

sucrose and glucose) at different concentrations (10 

g/L, 15 g/L, 20 g/L, 25 g/L) were tested (Figure 2). 

The minimum amount of carbon that is required to 

enhance the bioactivity of S. cellulosae against 

biofilm formation of P. aeruginosa is 15 g/L or more. 

Accordingly, the substitution of starch in culture 

media with glucose yielded the most effective crude 

extract, in which, the addition of 1 μg/mL 

significantly inhibited the formation of biofilm 

(OD595nm= 2.76 ± 0.07 without variation in bacterial 

viability (log10CFU/mL= 11.12 ± 0.017. Furthermore, 

using 3 μg/mL of the extract were lethal for P. 

aeruginosa (log10CFU/mL= 10.88 ± 0.04) in 

comparison to that of control group (log10CFU/mL = 

11.14 ± 0.01).  

A relatively similar antibiofilm effect was recorded 

when the starch was replaced with 15 g/L of maltose. 

Here, a 1 μg/mL of crude extract (OD595nm= 2.10 ± 

0.12) exhibited antibiofilm impact with no significant 

decline in viable count (log10CFU/mL= 11.13 ± 0.02) 

(Figure 2), while 3 μg/mL of crude extracted culture 

(starch, sucrose and glucose supplemented groups) 

displayed a significant bactericidal effect 

(log10CFU/mL= 10.88 ± 0.04, 10.98 ± 0.03 and 10.88 

± 0.02, respectively) when compared to untreated 

bacteria (log10CFU/mL= 11.14 ± 0.01). 

With regards to the substitution of the nitrogen 

sources (KNO3), aspartic acid, NaNO3 and peptone at 

various concentrations (0.5 g/L, 1 g/L, 2 g/L and 4 

g/L) were examined, and it was found that the 1 

μg/mL of the culture extract was the most effective 

biofilm inhibition dose (Figure 3).  

Replacing KNO3 with aspartic acid yielded the 

most effective crude extract against biofilm formation 

of P. aeruginosa without significant inhibition of 

growth. It became evident that at least 1 g/L of the 

nitrogen source (KNO3, NaNO3 and aspartic acid) was 

essential for culturing S. cellulosae to produce biofilm 

inhibitory metabolites (OD595nm= 3.01 ± 0.06, 2.97 ± 

0.05 and 2.90 ± 0.18, respectively) (Figure 3), 

whereas the measurements of viable count stayed 

unchanged (log10CFU/mL= 11.13 ± 0.02, 11.14 ± 0.01 

and 11.13 ± 0.02, respectively). 
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Figure 2. Physiological regulation of the extracted metabolites (1 μg/mL and 3 μg/mL) from S. cellulosae grown under shaker 

incubator at 28°C for 96 h and pH 7.2 in different carbon sources. Ctrl: untreated culture; red color: represents the effects of 

crude extract on viable count of P. aeruginosa; blue color: represents the effect of the crude extract on biofilm of P. 

aeruginosa. 
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(log10CFU/mL= 11.13 ± 0.02, 11.12 ± 0.02, 11.12 ± 

0.01 and 11.13 ± 0.02, respectively) while 3 μg/mL 

significantly reduced the value of bacterial viable 

count (log10CFU/mL= 11.03 ± 0.02, 11.01 ± 0.03, 

11.01 ± 0.02 and 11.05 ± 0.02, respectively) (Figure 

4). 

 

 

 

Figure 4. Physiological regulation of the extracted metabolites (1 μg/mL and 3 μg/mL) from S. cellulosae grown under shaker 

incubator at 28°C for 96 h and pH 7.2. with different minerals (A: NaCl; B: MgSO4; C: K2HPO4 and D: FeSO4). Ctrl: 

untreated culture; red color: represents the effects of crude extract on viable count of P. aeruginosa; blue color: represents the 

effect of the crude extract on biofilm of P. aeruginosa. 

 

Bioactive metabolite production by Streptomyces 

spp. is typically based on bacterial strain, cultural 

conditions and nutritional requirements in the 

fermentation medium (33). Biosynthesis of antibiotic 

compounds is extremely dependent on fermentation 

conditions which must strike a balance between 

supplying nutrients for growth, serving as antibiotic 

precursors, and managing regulatory effects of some 

of the most potent carbon, nitrogen and phosphate 

sources (34). It is well articulated that manipulation of 

the chemical and physical factors of the fermentation 

medium can be used to improve the growth and 

production of secondary metabolites (35). Secondary 

metabolism typically occurs in the overdue growth 

phase of the producing microorganisms. The temporal 

nature of secondary metabolism is undeniably genetic; 

however, expression may be significantly impacted by 

environmental manipulations (36). 

In the current study, agar plug diffusion assays 

indicated that S. cellulosae significantly inhibited the 

growth of P. aeruginosa. Indupalli et al. (2015) 

concluded that S. cellulosae crude ethyl acetate extract 

has potential antimicrobial activities against a wide 

range of bacteria and fungi (37). The capacity of 
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considerably enhanced or entirely lost depending on 

the nutrient availability and growth conditions (38). It 

has been shown that the addition or depletion of 
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phosphate and other trace elements, and physical 

factors have a direct effect on the biosynthesis of 

antibiotics (39).  
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production as well as complex physiological 
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progresses, the acidity of the culture medium 

increases, and thus, the alkaline pH may act as a 
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buffer to neutralize the acidic conditions and provide 

optimum pH for bacterial growth and biosynthesis 

production (43). For reasonably excellent growth and 

antibacterial metabolite synthesis, S. cellulosae 

displayed a restricted range of tested incubation 

among four different temperatures. The results 

emphasized that the maximum production of biomass 

and bioactive metabolites was obtained at 28°C. 

Previous studies on Streptomyces fradiae, 

Streptomyces kanamyceticus and Streptomyces 

griseolus demonstrated that incubation temperatures 

ranging from 25-30°C critically affect growth mass 

and biosynthesis of neomycin, kanamycin and 

anisomycin, respectively (44, 45). Consistent with the 

results reported here, Tawfik et al. (1991) reported 

that incubation above 35°C significantly lowered the 

cell mass and production of antibiotics by 

Streptomyces aureofaciens and Streptomyces 

roseviolaceus (46).  

In a previous study, researchers discovered that 

different concentrations of carbon sources have 

different impacts on the generation of biomass and 

precursors for biosynthesis of secondary metabolites 

in Streptomyces spp. (47). The influence of carbon 

sources on antibiotic synthesis has been the focus of 

ongoing research for both industry and academic 

organizations from both a fermentation standpoint and 

a biochemical and molecular biology perspective (36). 

Carbon sources are involved with several regulatory 

mechanisms for the onset, maintenance and cessation 

of secondary metabolism (48). In the current work, 

glucose exhibited the most significant effect on 

bacterial biomass compared to the other tested carbon 

sources. Glucose is the simplest monosaccharide that 

is utilized by most bacterial species. The regulatory 

effects of glucose on growth and secondary metabolite 

biosynthesis were previously examined in both 

Streptomyces hygroscopicus and Streptomyces griseus 

(49-51). Another previous study demonstrated that 

supplementing the culture media with glucose results 

in a twofold increase in bacterial growth mass (52). 

Sanchez et al. (2010) reported that a carbon source's 

regulation is contingent on the desired carbon source's 

consumption, however, with variable impact on 

responsible genes for the production of secondary 

metabolites (50). 

The current study also investigated the most 

effective type and quantity of nitrogen sources in the 

culture medium that efficiently enhanced the 

production of biomass and bioactive metabolites. 

Organic nitrogen sources more successfully induce 

Streptomyces in biomass and bioactive metabolite 

production when compared to inorganic nitrogen 

sources (35, 53, 54). Some data suggest that not all 

nitrogen sources support growth equally; bacterial 

growth in media with rich nitrogen sources is greater 

than growth in media with poor nitrogen sources (55). 

It has been reported that regulatory signals from 

nitrogen metabolism elicit effects at the transcription, 

translation and post-translational levels, which are 

necessary in the biosynthesis of antibiotics (56). The 

flow of nitrogen along the various antibiotic 

biosynthesis pathways occurs either through nitrogen-

containing precursor amino acids (incorporated intact 

into the antibiotic molecule) or by an antibiotic-

specific reaction (the nitrogen atom of the primary 

metabolite is transferred to a specific intermediate) 

(55). 

Phosphate is considered the most important 

inorganic component that influences the growth and 

production of metabolites in a wide range of bacterial 

strains (38). Previous studies showed that the presence 

of inorganic phosphate in culture media regulates the 

synthesis of a wide range of secondary metabolites 

from various biosynthetic groups including 

macrolides, tetracyclines, polyether compounds, 

aminoglycosides and amino acid-derived metabolites 

(57-60). Similar to the results reported here, another 

study exhibited that K2HPO4 critically impacts the 

production of neomycin by S. fradiae (61). Narayana 

and Vijayalakshmi (2008) reported that K2HPO4 

significantly increased the synthesis of antibiotics in 

Streptomyces albidoflavus (53). Additionally, 

inorganic phosphate is also important for microbial 

growth enhancement and biosynthesis of various 

antibiotics (62). Some evidence shows that inorganic 

phosphate regulates the biosynthesis of secondary 

metabolites at both the transcriptional and 

posttranscriptional levels (63, 64). 

The overall trend in quantitative biofilm analysis 

showed inhibitory impacts of extracted metabolites 

from S. cellulosae against P. aeruginosa. This might 

be attributed to the interference of extracted 

metabolites with the quorum sensing of the biofilm’s 

former bacteria. Chemical signals are more likely to 

communicate with responsive cells in biofilms with 
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higher cell densities (65). Inhibition of the biofilm 

formation may help in the reduction of antimicrobial 

resistance without inhibiting growth (66). To support 

this explanation, Park et al. (2005) emphasized that 

Streptomyces spp., rather than being an acyl-

homoserine lactones (AHL) competitor, can interfere 

with quorum sensing via an extracellular AHL-

degrading enzyme (67). In our study, the inhibitory 

effects of the extracted metabolite were dose-

dependent. Accordingly, using 1µg/mL of the extract 

reduced the formation of biofilm without killing P. 

aeruginosa while a higher extract volume (2 µg/mL) 

reduced viable cell count as well as biofilm formation 

of P. aeruginosa. Some reports indicated that certain 

macrolide antibiotics are capable of repressing P. 

aeruginosa AHL synthesis when applied at 

subminimal growth-inhibitory concentrations (68, 69).  

It seems that Streptomyces is an important source of 

biofilm inhibitors; it produces a variety of types of 

substances that modulate swarming motility and 

decreases the availability of iron for biofilm formation 

in Gram-negative bacteria (26). For instance, Tateda 

et al. (2001) hypothesized that azithromycin may 

diminish the development of quorum-sensing-

dependent virulence factors in P. aeruginosa by 

inhibiting the synthesis of the autoinducer molecules 

through undefined mechanisms (69). Furthermore, 

Streptomyces can produce a variety of biologically 

active secondary metabolites simultaneously (70); 

thus, the extracted metabolites may contain different 

compounds including biofilm inhibitors and 

bactericidal compounds with a dose-dependent 

impact. To this extent, 2 µg/mL of the crude extract 

was needed to inhibit bacterial viability, while only 1 

µg/mL of the extract was required to exhibit 

antibiofilm activity.  

 

Conclusions 

In the present study, the isolated S. cellulosae 

produced a valuable bioactive metabolite with potent 

antibiofilm and antimicrobial activities against P. 

aeruginosa. The diverse nature of metabolite 

regulation in Streptomyces is one of the most 

outstanding features. Furthermore, the biomass and 

metabolite production were monitored and regulated 

physiologically by both physical and chemical 

parameters that exhibited variable impacts. Further 

studies are required to identify and elucidate the 

structure of the biofilm inhibitor compound and the 

mechanism of action against biofilm formation in P. 

aeruginosa. 
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