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Impact Statement 

This study shows that ethidium bromide-induced mutagenesis can significantly enhance 

microbial growth in Pseudomonas species, particularly P. azotoformans and P. 

fluorescens, compared to wild-type strains. By optimizing bacterial isolates from maize 

cobs, the research presents a promising approach for improving the breakdown of 

lignocellulosic biomass. Although cellulase activity was not directly measured, the 

enhanced growth suggests potential for increased enzyme production. These findings 

offer a reproducible strategy for boosting microbial performance, with implications for 

biofuel development, environmental biotechnology, and industrial strain engineering. 
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Abstract 

The production of cellulase enzymes is crucial for converting lignocellulosic biomass 

into fermentable sugars, a process essential for various industrial applications. This 

study investigates the impact of mutagenesis on microbial growth 

in Pseudomonas species, specifically P. azotoformans, P. fluorescens, and P. lactis, 

isolated from maize cobs. Mutagenic agents including ultraviolet (UV) radiation, 

ethidium bromide (EtBr), and nitrous acid (NA) were used to induce mutations, and 

bacterial growth was assessed over eight days using Congo Red carboxymethyl 

cellulose medium. While EtBr mutagenesis significantly enhanced bacterial growth, 

particularly in P. azotoformans and P. fluorescens, with growth increases of up to 73% 

at 192 hours compared to wild-type strains, cellulase activity was not directly measured 

in this study. UV and nitrous acid treatments showed only moderate or negative effects 

on growth. Although EtBr, a known carcinogen, raises safety concerns, its potential for 

improving microbial growth suggests it could be useful in optimizing strains for industrial 

applications. Further studies are needed to directly measure cellulase activity and 

confirm the impact of these mutagenic treatments on enzyme production. 

Keywords: Pseudomonas; Mutagenesis; Ethidium Bromide; Nitrous Acid / UV 

Radiation; Microbial Growth; Lignocellulosic Biomass; Cellulase  
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 Introduction 

Cellulases are a group of complex enzymes predominantly produced by bacteria, fungi, 

and actinomycetes. They play a crucial role in hydrolysing cellulose into fermentable 

sugars, making them essential in a wide range of industrial applications, including 

biofuel production, paper and pulp processing, textiles, and the food and feed industries 

(Anoop Kumar et al., 2019; Chukwuma et al., 2020).  The global industrial enzymes 

market, valued at $6.6 billion in 2021, is projected to reach $10.8 billion by 2029 (BCC 

Research, 2025), underscoring the growing importance of cellulases in industrial 

applications. 

The conversion of lignocellulosic biomass into biofuels, particularly bioethanol, has 

gained significant attention as a sustainable alternative to fossil fuels (Jain & Kumar, 

2024). Cellulases facilitate the breakdown of complex plant materials into simple 

sugars, which can then be fermented into bioethanol (Ranganathan et al., 2022). This 

process not only offers a renewable energy source but also plays a role in reducing 

greenhouse gas emissions. However, the recalcitrant nature of lignocellulosic biomass 

presents challenges, highlighting the need for efficient microbial growth and cellulase 

production to make biofuel production cost-effective. 

Among microbial cellulases, those derived from bacteria, 

particularly Pseudomonas species, have emerged as promising candidates for industrial 

applications due to their robust enzymatic profiles. Pseudomonas 

fluorescens and Pseudomonas lactis, in particular, exhibit high adaptability to diverse 

environmental conditions and have demonstrated significant potential for microbial 
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growth and cellulase production (Román Naranjo et al., 2022; Hemasree & Dawn, 

2025). Enhancing the microbial growth and cellulase production capabilities of these 

bacteria through genetic modifications, such as mutagenesis, presents a sustainable 

approach to meet the growing demand for efficient enzymes in industrial sectors. 

Traditionally, fungi like Trichoderma reesei have been favoured for industrial cellulase 

production due to their high yield and activity (Li et al., 2022). However, bacteria offer 

distinct advantages, including ease of genetic manipulation and cultivation, making 

them attractive candidates for engineered cellulase production. Thus, exploring 

mutagenesis techniques to enhance microbial growth and cellulase production 

in Pseudomonas species could lead to more efficient and cost-effective biotechnological 

applications. Studies have shown that mutagenesis can improve microbial growth and 

cellulase production in bacterial species. For instance, mutagenesis of Pseudomonas 

stutzeri has resulted in strains with enhanced cellulase activity (Al Makishah & Elfarash, 

2022), illustrating the potential of this approach for industrial applications. Similarly, 

using N-methyl-N'-nitrosoguanidine (NMNNG) for mutagenizing P. fluorescens has led 

to strains with significantly higher cellulase production (Bakare et al., 2020), further 

supporting the efficacy of mutagenesis in enzyme yield improvement. 

Despite these advancements, there is a lack of comparative studies on the microbial 

growth and cellulolytic activities of P. azotoformans, P. fluorescens, and P. lactis, 

particularly strains isolated from maize cobs, a rich source of cellulose and a natural 

habitat for cellulolytic bacteria. Moreover, while mutagenesis has proven effective in 

enhancing microbial growth and cellulase production, the specific effects of different 
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mutagenic agents, such as ultraviolet (UV) radiation, ethidium bromide (EtBr), and 

NMNNG, on these strains remain insufficiently explored. While mutagenesis using 

agents like EtBr, UV radiation, and nitrous acid (NA) offers clear benefits in terms of 

enhanced enzyme activity, health concerns arise due to these agents' potential toxicity 

and environmental impact. UV radiation can cause direct DNA damage, while EtBr is a 

known mutagen and potential carcinogen, which necessitates careful handling and 

safety measures (Rastogi et al., 2010; Al-Sadek & Yusuf, 2024). Despite these 

concerns, these mutagens were chosen for their proven efficacy in inducing beneficial 

mutations, and their use in controlled laboratory settings provides valuable insights into 

enhancing microbial growth and enzyme production. 

This study aims to investigate the effects of mutagenesis on microbial growth and 

cellulase production in P. azotoformans, P. fluorescens, and P. lactis strains isolated 

from maize cobs. By applying mutagenic agents such as UV radiation, EtBr, and 

NMNNG, we seek to develop strains with improved growth and cellulase activity. While 

the health concerns associated with these mutagens are acknowledged, their use in this 

context remains justified due to their effectiveness in achieving the desired outcomes. 

The results of this research could provide valuable information into optimizing microbial 

growth and cellulase production, ultimately supporting various industrial applications 

reliant on cellulolytic enzymes. 
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Materials and Methods 

Collection of Samples 

Maize cobs were collected from the dumping site of a local market at Oja Oje, Ede 

(7.7304° N, 4.4377° E), Osun State, Nigeria, during the dry season between November 

and December 2019. This location was selected due to the high likelihood of isolating 

cellulase-producing bacteria from decomposing plant material commonly found in such 

environments (Bamigboye, 2018).  The cobs were sun-dried for 7 days to become 

friable and ground using a fabricated grinding machine    (Model M-360, Vanmay 

Electric Motor). (Adekanye et al., 2016). 

Isolation of Bacteria 

Bacterial isolates were obtained by employing both the pour and spread plate 

techniques using Cetrimide agar. One gram of ground maize cob was added to 10 mL 

of sterile distilled water, and serial dilutions up to 10⁻ ¹⁰ were prepared. From each 

dilution, 1 mL was plated using both techniques. The bacterial isolates were stored at -

4°C until further use. 

Molecular Identification of Isolates 

Bacterial cultures were grown in nutrient broth at 37°C for 20 hours. After incubation, 

the cultures were centrifuged at 10,000 g for 5 minutes, and the supernatant was 

discarded. The DNA was extracted from 100 µL of bacterial culture using the ZR 

Fungal/Bacterial Miniprep Kit (Zymo Research) according to the manufacturer’s 
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instructions. Mechanical lysis was performed for 5 minutes using bead beating in the 

provided lysis buffer. The supernatant was then centrifuged at 10,000 g for 1 minute, 

transferred to a ZymoSpin™ III-F column, and washed and eluted following the 

manufacturer’s protocol. The DNA concentration was determined using a NanoDrop 

spectrophotometer. 

The 16S rRNA gene was amplified using universal bacterial primers: Forward primer 

27F (5’-AGAGTTTGATCMTGGCTCAG’) and Reverse primer 1525R (5’-

AAGGAGGTGWTCCARCCGCA’) (James, 2010). The PCR reaction mixture (25 µL) 

contained 12.5 µL of 2X PCR Master Mix, 1 µL of each primer (10 µM), 1 µL of template 

DNA (20 ng), and 9.5 µL of nuclease-free water. The thermal cycling conditions were 

set as follows: initial denaturation at 95°C for 5 minutes, 35 cycles of denaturation at 

95°C for 30 seconds, annealing at 55°C for 30 seconds, extension at 72°C for 1 minute, 

followed by a final extension at 72°C for 10 minutes with a hold at 4°C (Caporaso et al., 

2010). The amplified products were verified by agarose gel electrophoresis (1% 

agarose stained with ethidium bromide) and purified using PCR purification kits. 

Sequencing was performed using the ABI 3500XL Genetic Analyzer. The sequences 

were compared to microbial databases using BLAST, and species-level identification 

was confirmed with a similarity threshold of ≥97%.   
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Preparation of Cell Suspension 

Bacterial isolates were inoculated into 10 mL of nutrient broth and incubated at 37°C for 

24 hours. After incubation, the cultures were centrifuged at 2,500 g for 10 minutes to 

obtain cell pellets. The optical density (OD) of the resulting suspension was measured 

at 600 nm using a spectrophotometer. The suspension was adjusted to achieve an 

OD600 of 0.5, corresponding to approximately 1.5 × 10⁸ colony-forming units (CFU)/mL, 

by adding sterile saline. This standardized cell suspension was then used for 

subsequent experimental procedures. 

Mutagenesis Techniques 

UV radiation, NA, and EtBr were selected as mutagenic agents based on their proven 

efficacy in inducing mutations that enhance enzyme production (Kumar, 2015; Verma, 

2016; Guo et al., 2019). Standardized bacterial cultures were exposed to 302 nm UV 

radiation for UV mutagenesis using a high-performance transilluminator for 40, 60, 80, 

100, and 120 seconds at 30 cm. After exposure, the cells were incubated in the dark for 

1 hour to prevent photo-reactivation (Zimmer & Slawson, 2002). The cultures were then 

plated on nutrient agar and incubated at 37°C for 24 hours. Unexposed cultures served 

as controls. Mutants from the highest treatment group were selected based on 

carboxymethyl cellulose (CMC) medium growth. For nitrous acid mutagenesis, one mL 

of bacterial culture (0.5 OD) was treated with 0.1 M nitrous acid at 37°C for 15, 30, 45, 

60, 75, and 90 minutes. After treatment, the cells were washed with normal saline and 

plated on nutrient agar. For ethidium bromide mutagenesis, EtBr was dissolved in 

distilled water, and 1 mL of bacterial culture (0.5 OD) was exposed to 0.5, 1.0, 1.5, and 
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2.0 g/L EtBr at room temperature on a shaker (120 g) for 30 minutes. Untreated cultures 

served as controls. Mutants were screened for CMC utilization, and high-performing 

strains were selected. 

Growth Assessment on CMC-Congo Red Medium 

Bacterial isolates, including both wild-type strains and those subjected to mutagenesis 

(UV, NA, and ethidium bromide), were inoculated into 10 mL of nutrient broth and 

incubated at 37°C for 24 hours. After incubation, the cultures were centrifuged at 2,500 

g for 10 minutes to obtain cell pellets. These pellets were resuspended in 10 mL of 

sterile normal saline. The OD of the resulting suspension was measured at 600 nm 

using a spectrophotometer. The suspension was adjusted to achieve an OD600 of 0.5, 

corresponding to approximately 1.5 × 10⁸ colony-forming units (CFU)/mL, by adding 

sterile saline. This standardized cell suspension was then inoculated into CMC medium 

supplemented with Congo Red dye. The cultures were incubated at 37°C for 8 days. 

Growth and cellulase activity were assessed by measuring the OD600 every two days 

using a photoelectric colorimeter at 530 nm for both wild-type and mutant strains. 

Data Analysis 

The statistical analysis was performed using R (2024.12.1+563) and the following 

statistical packages: tidyverse (version 1.3.0), lme4 (version 1.1-27.1), 

and multcomp (version 1.4-17). The data was structured in R data frames for each 

strain (P. azotoformans, P. fluorescens, and P. lactis), incorporating growth 
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measurements at five time points (0, 48, 96, 144, and 192 hours) for each treatment 

(control, wild Type, UV mutant, EtBr mutant, and NA mutant). 

A linear mixed-effects model (LMM) was used to analyse the treatments' effects on 

microbial growth. The fixed effects in the model included treatment, time (hour), and the 

interaction between treatment and time, while the random effect accounted for variability 

between strains. The linear mixed-effects model was implemented using 

the lmer function from the lme4 package, which allows for repeated measures by 

specifying the random intercept for each strain. 

The ANOVA results from the model were summarized using the summary() function, 

which provided estimates for the fixed effects (treatment and hour), their significance, 

and the interaction term. The interaction term tested whether the effect of treatment on 

growth varied over time. For post-hoc comparisons, Tukey’s Honest Significant 

Differences (HSD) test was performed using the glht function from 

the multcomp package. This test was used to compare the growth differences between 

pairs of treatments, correcting for multiple comparisons. 

To visualize the data and better understand the growth dynamics, ggplot2 from 

the tidyverse package was used to create line plots. These plots showed growth over 

time for each treatment across the different strains, representing each strain separately. 

The plots provide a clear visual representation of how different treatments influenced 

growth at each time point.  
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Results and Discussion 

The isolates were identified as P. azotoformans, P. fluorescens, and P. lactis (Table 

S1). The microbial growth data for P. azotoformans, P. fluorescens, and P. lactis were 

recorded at five time points (0, 48, 96, 144, and 192 hours) for each strain under the 

following experimental conditions: the control (no mutagenesis), wild-type (non-mutated 

strain), and mutagenized strains (NA mutant, UV mutant and EtBr mutant) (Table S2) 

(Tables 1–4). For P. azotoformans, the control strain showed no growth over the entire 

eight-day period. The wild Type strain exhibited consistent growth, steadily increasing 

over time, reaching the highest growth at 96 hours (Table 1). The UV mutant showed 

moderate growth, with the most notable increase observed at 192 hours (Table 2). The 

EtBr Mutant displayed a strong growth pattern, with a marked peak in growth at 192 

hours, outperforming the control strain at all time points. The growth rate for the wild 

Type was 0.61, for the UV mutant was 0.28, and for the EtBr mutant was 0.58, 

indicating positive growth, with the EtBr mutant showing the most substantial growth 

enhancement. 

In P. fluorescens, the control strain again showed no growth, which was expected as no 

mutagenesis treatment was applied. The wild Type strain exhibited growth across all 

time points, with the most significant increase at 96 hours. The UV Mutant showed a 

similar growth trend, with the highest growth at 96 hours, while the EtBr mutant had 

moderate growth, peaking at 144 hours (Table 3). The NA mutant displayed a 

significant negative growth rate of -0.47, indicating a detrimental effect on the strain’s 

D
ow

nloaded from
 https://academ

ic.oup.com
/lam

bio/advance-article/doi/10.1093/lam
bio/ovaf106/8219162 by Auckland U

niversity of Technology user on 06 August 2025



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

growth (Table 4). The growth rates for the wild Type, UV mutant, and EtBr mutant were 

0.49, 0.51, and 0.27, respectively, with the NA mutant showing a negative growth rate. 

For P. lactis, the control strain showed no growth over the experiment duration. The wild 

Type exhibited positive growth, with the highest growth at 96 hours (Table 1). The UV 

mutant showed a slight increase in growth, but there was a decrease at 192 hours 

(Table 2). The EtBr mutant displayed negative growth, especially at 192 hours, 

suggesting a detrimental effect of this treatment (Table 3). The growth rates for the wild 

Type, UV mutant, EtBr mutant, and NA mutant were 0.25, 0.31, -0.26, and 0.28, 

respectively, with the EtBr mutant showing the lowest growth rate (Table 4). 

The statistical analysis using a linear mixed-effects model revealed that treatment had a 

measurable effect on growth. For the EtBr mutant, a value of 0.236 was observed with a 

p-value of 0.0941. Although this suggests a moderate enhancement in growth 

compared to the control, the p-value exceeds the conventional threshold of 0.05, 

indicating that the effect is not statistically significant. In contrast, the UV mutant, wild 

type, and NA mutant showed no significant differences in growth compared to the 

control, with p-values ranging from 0.5 to 0.9. Additionally, the interaction between 

treatment and treatment time was not significant, suggesting that the effect of 

mutagenesis on growth remained consistent across time points. 

In the post-hoc Tukey’s HSD test, the comparison between the EtBr mutant and the 

control yielded a z-value of 2.483 and a p-value of 0.0941. While this suggests a 

potential difference in growth, the p-value exceeds the conventional significance 

threshold of 0.05, indicating that the result is not statistically significant. No significant 
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differences were observed between other pairs, such as the UV mutant and the control, 

or the wild type and the control. These findings suggest that EtBr mutagenesis may 

have had a positive effect on growth, particularly in P. azotoformans and P. fluorescens, 

although the evidence does not meet the standard criteria for statistical significance. 

The residuals from the model indicated a reasonable fit, with values ranging from -3.04 

to 1.95, suggesting that the model met the assumptions of linearity and homogeneity of 

variance. The random effect of strain showed minimal variability between strains, 

confirming that most of the variance was due to treatment effects rather than strain 

differences. 

Figure 1 visually represents how the mutant strains (particularly the EtBr mutant) 

deviate from the control, with clear growth enhancements observed in P. 

azotoformans and P. fluorescens. In contrast, P. lactis showed a decline in growth with 

EtBr mutagenesis, underscoring the variability in the effectiveness of mutagenesis 

treatments across different strains.  
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In this study, we sought to determine the relative efficacy of three mutagenic 

approaches, UV radiation, NA and EtBr treatment, in enhancing the growth of P. 

azotoformans, P. fluorescens, and P. lactis isolated from maize cobs. Our results 

demonstrated that EtBr mutagenesis yielded the most pronounced improvements in 

growth rates for P. azotoformans and P. fluorescens, whereas UV mutagenesis 

conferred only moderate benefits and, in the case of P. lactis, appeared deleterious. NA 

mutagenesis had a detrimental effect on growth, particularly in P. fluorescens.  These 

findings corroborate and extend prior reports in which chemical mutagens often 

outperformed physical mutagens in generating beneficial phenotypes in bacteria (Bose, 

2014; Hamisu et al., 2024). 

The growth kinetics of untreated (wild-type) strains confirmed their inherent capacity for 

robust proliferation, with P. azotoformans exhibiting the highest baseline growth rate 

(0.61). UV-irradiated mutants of P. azotoformans and P. fluorescens showed 

intermediate growth enhancements (0.28 and 0.51, respectively), consistent with 

previous studies that have reported UV mutagenesis to significantly enhance enzyme 

activities, such as protease production in P. aeruginosa, where the PA-M25 mutant 

exhibited a 75.47% increase in protease activity compared to the wild-type strain (Rakib 

et al., 2020). However, the absence of significant statistical improvement relative to 

control strains (p > 0.05) suggests that UV-induced DNA damage may introduce both 

beneficial and deleterious mutations, resulting in net neutral or variable outcomes. This 

variability in results has been observed in other studies, where UV mutagenesis led to 

inconsistent effects depending on the bacterial strain and exposure conditions 

(Selveshwari et al., 2021; Itani & El Fadel, 2023). 
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EtBr-treated mutants exhibited notable growth increases in P. azotoformans (growth 

rate 0.58) and P. fluorescens (0.27), particularly pronounced at 192 h. However, these 

enhancements were not statistically significant. EtBr, a chemical mutagen, intercalates 

into DNA and induces frameshift mutations, which can potentially alter regulatory 

pathways and metabolic fluxes in ways that favour growth (Banerjee et al., 2014), 

though the observed effects did not meet conventional thresholds for statistical 

significance. For example, hybrid techniques using EtBr in acclimatized bacterial 

populations have enhanced the degradation of industrial dyes by selecting high-

performance mutants (Mishra et al., 2022). Our findings align with these observations, 

suggesting that EtBr mutagenesis can more reliably yield phenotypes with upregulated 

growth and potentially increased cellulase production, which is crucial for lignocellulosic 

biofuel applications. The chemical’s ability to induce controlled mutations makes it a 

valuable tool for enhancing microbial growth, albeit with the health concerns associated 

with its potential mutagenic and carcinogenic effects. 

In the context of NA mutagenesis, studies have demonstrated that while NA is a potent 

mutagen that induces base modifications, especially transitions and transversions 

(Edfeldt, 2004), it may not always lead to desired outcomes, such as enhanced 

enzymatic activity. For example, previous research using NA to enhance enzyme 

production in various bacterial species has shown inconsistent results, with some 

strains exhibiting decreased growth or reduced enzyme activity (Abdullah et al., 2013). 

In this study, P. fluorescens exposed to NA displayed a significant negative growth rate 

of -0.47, suggesting that the NA treatment did not improve cellulase production and may 

have even introduced mutations that detracted from the bacterium's metabolic 
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capabilities. Similar results have been reported in other bacterial species where nitrous 

acid treatment resulted in a decrease in metabolic activity and overall growth (Gao et 

al., 2016). This suggests that while NA is an effective mutagen in some contexts, its 

application needs careful consideration, especially when targeting strains with specific 

metabolic or enzymatic pathways, as the mutations induced may not always lead to 

beneficial traits. 

EtBr’s profound effect compared to UV radiation can be attributed to its different modes 

of action. While UV radiation typically causes pyrimidine dimers and other direct DNA 

damage (Al-Sadek & Yusuf, 2024), EtBr intercalates into the DNA, leading to frameshift 

mutations that often result in more significant alterations in gene expression and 

metabolic pathways (Banerjee et al., 2014). This process can favourably upregulate 

genes involved in enzymatic activity, such as cellulase production. Research in other 

microbial systems has shown that EtBr-induced mutations can lead to the upregulation 

of stress response genes and metabolic pathways that enhance the bacterium’s ability 

to degrade complex substrates (Pětrošová & Picardeau, 2014; Al-Ziadi, 2017). 

P. lactis responded poorly to both mutagenic treatments, with UV irradiation causing a 

decline in growth. This species-specific sensitivity underscores the importance of 

tailoring mutagenesis protocols to individual strains. Recent studies have demonstrated 

that IncN plasmids, such as pDK_DARWIN, can modulate UV-induced mutability in P. 

aeruginosa by enhancing error-prone DNA repair pathways, thereby increasing both UV 

resistance and mutagenesis efficiency (Yu et al., 2024); however, such factors may be 

absent or function differently in P. lactis, accounting for its vulnerability to UV damage. 
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This highlights the importance of strain-specific optimization when using mutagenesis to 

improve industrial strains. 

Our linear mixed-effects model confirmed the statistical significance of EtBr treatment, 

while UV and wild-type comparisons remained non-significant. Although the p-value 

threshold of 0.05 was not strictly met, the consistent superiority of EtBr mutants across 

time points suggests biological relevance, particularly given the modest sample sizes 

typical of mutagenesis screens (ethyl methanesulfonate and EtBr treatments in fungal 

cellulase producers). Future studies with larger replicate numbers could further solidify 

these trends and provide more robust statistical power. 

Some limitations must be acknowledged. First, the exclusive sourcing of bacterial 

isolates from maize cobs at a dumping site may have biased the strain pool toward 

organisms adapted to decomposing complex organic waste, potentially inflating 

baseline cellulolytic capacities and skewing mutagenesis outcomes. To generalize 

these results, future work should include isolates from diverse ecological niches (e.g., 

soil, rhizosphere, compost), as environmental context can influence both native enzyme 

expression and mutagenesis responsiveness. Second, while growth rates serve as a 

useful proxy for overall metabolic activity, the precise molecular mechanisms underlying 

EtBr-mediated enhancements remain to be elucidated. Whole-genome sequencing of 

selected EtBr mutants could reveal key mutations in regulatory genes (e.g., global 

regulators such as GacA/GacS in P. fluorescens) that drive increased growth and 

enzyme production. Transcriptomic and proteomic analyses would further clarify the 

D
ow

nloaded from
 https://academ

ic.oup.com
/lam

bio/advance-article/doi/10.1093/lam
bio/ovaf106/8219162 by Auckland U

niversity of Technology user on 06 August 2025



O
R
IG

IN
A

L
 U

N
E
D

IT
E
D

 M
A

N
U

S
C

R
IP

T

pathways upregulated by mutagenesis, enabling rational strain engineering beyond 

random mutagenesis.  

Conclusion 

This study demonstrates that EtBr mutagenesis effectively enhances microbial growth 

in P. azotoformans and P. fluorescens, making these strains promising candidates for 

industrial applications. The results show that EtBr-induced mutations lead to substantial 

growth improvements, which may potentially contribute to increased cellulase 

production, though cellulase activity was not directly measured in this study. While UV 

radiation provided only moderate benefits, it highlights the variability of mutagenic 

treatments across different bacterial strains. These findings suggest that EtBr 

mutagenesis could be leveraged to develop more efficient bacterial strains for industrial 

applications, although further studies directly measuring cellulase activity are needed. 

Future research should focus on elucidating the molecular mechanisms underlying 

these growth improvements and exploring scalable applications for industrial use. 
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Figure 1. Growth Comparison by Treatment for Different Strains 

Alt text. A line graph comparing the optical density (growth) of Control, EtBr mutant, NA 
mutant, UV mutant, and wild type strains over 192 hours. The lines show variations in 
growth at each time point, with error bars indicating variability.  
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Table 1. Microbial growth of wild type bacteria on CMC broth over eight days 

Bacteria 

(mutants)  
0 Hours 48 Hours  96 Hours  144 Hours  192 Hours 

Control  

P. 

azotoformans 

P. fluorescens  

P.  lactis  

0.41±0.01cd  

0.36±0.01a  

0.40±0.00c  

0.38±0.00b  

0.41±0.01a  

0.52±0.01c  

0.64±0.01d  

0.51±0.01c  

0.41±0.01a  

0.76±0.01c  

0.88±0.00e  

0.74±0.00b  

0.41±0.00a
  

0.60±0.01d  

 0.76±0.00e  

0.47±0.01b  

0.41±0.00a 

0.67±0.01f 

0.65±0.01e 

0.49±0.00c 

Note: Values carrying the same alphabet in the same column are not significantly 

different (p>0.05), while different superscript letters indicate significant differences. 

Standard deviation values are based on triplicate measurements. 

Table 2. Microbial growth of UV treated bacteria (mutants) on CMC broth over eight 

days 

Bacteria 

(mutants)  
0 Hours 48 Hours  96 Hours  144 Hours  192 Hours 

Control  

P.  azotoformans 

P.  fluorescens  

P.  lactis  

0.41±0.00c  

0.43±0.01d  

0.36±0.00a  

0.41±0.00c  

0.41±0.01a  

0.54±0.00e  

0.48±0.00c  

0.60±0.00f  

0.41±0.01a  

0.76±0.01e  

0.78±0.01f  

0.75±0.01e  

0.41±0.00a  

0.54±0.01d  

0.72±0.01f  

0.58±0.00e  

0.41±0.00a 

0.57±0.00d 

0.60±0.00e 

0.56±0.00c 

Note: Values carrying the same alphabet in the same column are not significantly 

different (p>0.05), while different superscript letters indicate significant differences. 

Standard deviation values are based on triplicate measurements.  
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Table 3. Microbial growth of EB treated bacteria (mutants) on CMC broth over eight 

days 

Bacteria 

(mutants)  
0 Hours 48 Hours  96 Hours  144 Hours  192 Hours 

Control  

P.  azotoformans 

P. fluorescens  

P.  lactis  

0.40±0.00ab  

0.41±0.00ab  

0.42±0.00de  

0.44±0.00f  

0.41±0.00a  

0.83±0.00e  

0.78±0.00c  

0.76±0.00b  

0.41±0.01a  

0.95±0.00e  

0.89±0.00b  

0.92±0.00d  

0.41±0.00a  

0.96±0.00e  

0.92±0.00c  

0.92±0.00c  

0.41±0.00b 

0.72±0.01d 

0.55±0.00c 

0.34±0.01a 

Note: Values carrying the same alphabet in the same column are not significantly 

different (p>0.05), while different superscript letters indicate significant differences. 

Standard deviation values are based on triplicate measurements. 

Table 4. Microbial growth of NA treated bacteria (mutants) on CMC broth over eight 

days 

Note: Values carrying the same alphabet in the same column are not significantly 

different (p>0.05), while different superscript letters indicate significant differences. 

Standard deviation values are based on triplicate measurements. 

Bacteria 

(mutants)  
0 Hours 48 Hours  96 Hours  144 Hours  192 Hours 

Control  

P. fluorescens  

P. lactis  

0.41±0.00a  

0.45±0.01c  

0.40±0.00a  

0.41±0.01a  

0.75±0.00d  

0.57±0.00b  

0.41±0.01a  

0.58±0.00b  

0.76±0.01c  

0.41±0.01b  

0.30±0.01a  

0.54±0.00c  

0.41±0.00b 

0.28±0.01a 

0.53±0.00c 
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