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Abstract 

Environmental stressors such as temperature fluctuations, oxidative stress, and nutrient deprivation 

profoundly affect cellular physiology. Drosophila melanogaster, a widely used model organism, 

provides valuable insights into the cellular and molecular responses to these stressors. This research 

article explores the impact of various environmental stresses on Drosophila cell physiology, focusing 

on gene expression changes, protein modifications, and cellular adaptations. By leveraging advanced 

genomic, proteomic, and imaging techniques, we elucidate the mechanisms underlying stress responses 

in Drosophila cells, providing a comprehensive understanding of how cells cope with environmental 

challenges. 

 

Keywords: Environmental stress, Drosophila melanogaster, cell physiology, gene expression, 
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Introduction 

Environmental stressors, such as temperature fluctuations, oxidative stress, and nutrient 

deprivation, are common challenges that affect the survival and function of all living 

organisms. Understanding how cells respond to these stressors is crucial for unraveling the 

mechanisms of cellular adaptation and resilience. Drosophila melanogaster, commonly 

known as the fruit fly, serves as an invaluable model organism in biological research due to 

its genetic tractability, well-characterized genome, and the conservation of many cellular 

pathways with higher eukaryotes, including humans. This study aims to elucidate the 

molecular and cellular responses of Drosophila cells to various environmental stress 

conditions. Heat shock is a form of environmental stress that results from sudden increases in 

temperature, leading to protein denaturation and aggregation. Cells respond to heat shock by 

inducing a highly conserved heat shock response (HSR), characterized by the upregulation of 

heat shock proteins (HSPs). HSPs function as molecular chaperones, assisting in the 

refolding of denatured proteins and preventing their aggregation. The heat shock response is 

a well-documented mechanism that enhances cellular survival under thermal stress by 

maintaining protein homeostasis. Previous studies have demonstrated the critical roles of 

HSPs, such as HSP70 and HSP83, in protecting cells from heat-induced damage and 

ensuring proper protein folding and function. 

Oxidative stress arises from the accumulation of reactive oxygen species (ROS), which are 

by products of normal cellular metabolism and can be exacerbated by environmental factors 

such as pollution, radiation, and chemical exposure. High levels of ROS can damage cellular 

components, including lipids, proteins, and DNA, leading to impaired cellular functions and 

cell death. To counteract oxidative stress, cells activate antioxidant defense mechanisms, 

including the upregulation of enzymes such as superoxide dismutase (SOD) and catalase. 

These enzymes play crucial roles in detoxifying ROS and maintaining redox balance within 

the cell. The study of oxidative stress responses in Drosophila cells provides insights into the 

broader mechanisms of ROS management and cellular protection against oxidative damage. 

Nutrient deprivation is another critical stressor that impacts cellular physiology by limiting 

the availability of essential nutrients required for growth and metabolism. Under nutrient-

scarce conditions, cells activate autophagy, a catabolic process that degrades and recycles 

cellular components to maintain energy homeostasis and support survival. Autophagy is 

regulated by a set of autophagy-related genes (Atgs), including Atg1 and Atg8, which are  
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essential for the formation and maturation of 

autophagosomes. The activation of autophagy in response to 

nutrient deprivation underscores the cell's ability to adapt to 

metabolic stress by conserving resources and sustaining 

vital functions. The primary goal of this study is to 

investigate how Drosophila cells respond to these 

environmental stressors at the molecular and cellular levels. 

By examining changes in gene expression, protein levels, 

cell morphology, viability, ROS levels, and mitochondrial 

membrane potential, this research aims to provide a 

comprehensive understanding of the adaptive mechanisms 

employed by Drosophila cells. The study employs advanced 

techniques such as quantitative real-time PCR (qRT-PCR) 

for gene expression analysis, Western blotting for protein 

quantification, and fluorescence microscopy for assessing 

ROS levels and mitochondrial membrane potential. The 

findings from this study will contribute to the broader field 

of stress biology by elucidating the specific pathways and 

responses that Drosophila cells utilize to cope with 

environmental challenges. Moreover, the insights gained 

from this research may have implications for understanding 

stress responses in higher organisms, including humans, and 

for developing strategies to enhance cellular resilience 

against environmental stressors. By leveraging the genetic 

and experimental advantages of the Drosophila model, this 

study aims to advance our knowledge of cellular stress 

responses and their underlying regulatory mechanisms 

 

Objective of study 

The objective of this study is to investigate the impact of 

various environmental stressors-heat shock, oxidative stress, 

and nutrient deprivation-on the physiology of Drosophila 

cells, focusing on changes in gene expression, protein 

levels, cell morphology, viability, reactive oxygen species 

(ROS) levels, and mitochondrial membrane potential. 

 

Methods and Materials 

1) Cell Culture and Stress Treatments 

Drosophila S2 cells, a widely used cell line derived from 

late-stage embryos of Drosophila melanogaster, were 

cultured in Schneider's Drosophila medium (Thermo Fisher 

Scientific) supplemented with 10% fetal bovine serum 

(FBS; Sigma-Aldrich) at a constant temperature of 25°C in a 

humidified incubator. The cells were maintained in standard 

tissue culture flasks and subcultured every 3-4 days to 

ensure exponential growth. To investigate the impact of 

environmental stressors, the cells were subjected to various 

treatments: 

 Heat Shock: S2 cells were incubated at 37°C for 1 hour 

to induce heat shock. This temperature was selected 

based on preliminary experiments showing optimal 

induction of heat shock proteins without causing 

extensive cell death. 

 Oxidative Stress: Cells were treated with 100 µM 

hydrogen peroxide (H2O2; Sigma-Aldrich) for 1 hour to 

induce oxidative stress. The concentration and duration 

were chosen to balance the induction of a stress 

response with cell viability. 

 Nutrient Deprivation: Cells were cultured in serum-

free Schneider's Drosophila medium for 24 hours to 

simulate nutrient deprivation. This duration was found 

to be sufficient to trigger autophagy-related responses 

without leading to excessive cell death. 

 

Control cells were maintained under standard conditions (25 

°C with 10% FBS) throughout the experiment. 

 

2) Gene Expression Analysis 

Total RNA was extracted from control and stressed cells 

using the TRIzol reagent (Invitrogen) following the 

manufacturer’s protocol. The extracted RNA was quantified 
using a NanoDrop spectrophotometer (Thermo Fisher 

Scientific) and assessed for purity (A260/A280 ratio). 

Reverse transcription was performed using the iScript 

cDNA Synthesis Kit (Bio-Rad) to convert 1 µg of RNA into 

complementary DNA (cDNA). Quantitative real-time PCR 

(qRT-PCR) was conducted using the SYBR Green PCR 

Master Mix (Applied Biosystems) on a CFX96 Real-Time 

PCR Detection System (Bio-Rad). Primers were designed 

for stress-responsive genes, including heat shock proteins 

(HSP70 and HSP83), antioxidant enzymes (superoxide 

dismutase [SOD] and catalase), and autophagy-related genes 

(Atg1 and Atg8). The housekeeping gene actin was used as 

an internal control for normalization. Relative gene 

expression was calculated using the 2^-ΔΔCt method. 
 

3) Protein Analysis 

Protein extracts were prepared from control and stressed 

cells using RIPA buffer (Thermo Fisher Scientific) 

supplemented with protease and phosphatase inhibitors 

(Roche). Cells were lysed on ice for 30 minutes, followed 

by centrifugation at 14,000 rpm for 15 minutes at 4 °C to 

collect the supernatant. Protein concentration was 

determined using the BCA Protein Assay Kit (Pierce). Equal 

amounts of protein (30 µg) were separated by SDS-PAGE 

on a 10% gel and transferred to PVDF membranes 

(Millipore). Western blot analysis was performed using 

primary antibodies against HSP70 (Santa Cruz 

Biotechnology), catalase (Abcam), and LC3 (Novus 

Biologicals). HRP-conjugated secondary antibodies 

(Jackson ImmunoResearch) were used for detection. Protein 

bands were visualized using an enhanced 

chemiluminescence (ECL) kit (Thermo Fisher Scientific) 

and quantified with ImageJ software. 

 

4) Imaging and Cellular Assays 

Cell morphology was examined using a Nikon Eclipse Ti 

phase-contrast microscope. Images were captured with a 

Nikon DS-Qi2 camera and analyzed using NIS-Elements 

software. Cell viability was assessed by trypan blue 

exclusion assay. Cells were stained with 0.4% trypan blue 

(Sigma-Aldrich), and viable (unstained) and non-viable 

(blue-stained) cells were counted using a hemocytometer 

under a light microscope. Reactive oxygen species (ROS) 

levels were measured using the fluorescent dye DCFDA (2’, 
7’-dichlorofluorescin diacetate; Sigma-Aldrich). Cells were 

incubated with 10 µM DCFDA for 30 minutes at 37 °C, 

followed by washing with PBS. Fluorescence intensity was 

measured using a Tecan Infinite M200 plate reader with 

excitation at 485 nm and emission at 535 nm. Mitochondrial 

membrane potential was assessed using JC-1 staining 

(Invitrogen). Cells were incubated with 2 µM JC-1 dye for 

30 minutes at 37 °C, washed with PBS, and analyzed by 

fluorescence microscopy. The ratio of red (Aggregated JC-

1, indicating healthy mitochondria) to green (Monomeric 

JC-1, indicating depolarized mitochondria) fluorescence was 
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calculated. Fluorescence microscopy was performed using a 

Zeiss Axio Observer Z1 microscope equipped with an 

AxioCam MRm camera. Images were processed and 

analyzed with ZEN software. 

Results and Discussions 

1. Gene Expression Changes: The expression levels of 

stress-responsive genes were quantified relative to the 

housekeeping gene actin. The results are presented as fold 

changes compared to control cells. 

 

 
 

Fig 1: Gene Expression Levels under various stress conditions  

 

The gene expression analysis assessed the levels of key 

stress-responsive genes in Drosophila cells under various 

environmental stress conditions, including control, heat 

shock, oxidative stress, and nutrient deprivation. The results, 

measured as fold changes in gene expression relative to 

control cells, revealed distinct patterns of gene regulation in 

response to each type of stress. 

Under control conditions, the expression levels of all target 

genes (HSP70, HSP83, superoxide dismutase [SOD], 

catalase, Atg1, and Atg8) were baseline, indicating normal 

cellular function without stress-induced alterations in gene 

expression. These baseline levels serve as a reference for 

understanding the impact of different stressors on gene 

expression. Heat shock treatment resulted in a significant 

upregulation of HSP70 and HSP83. HSP70 and HSP83 are 

heat shock proteins that play critical roles in protein folding, 

protection, and repair during stress conditions. Their 

elevated expression levels indicate the activation of the heat 

shock response, a protective mechanism that helps cells 

cope with the damaging effects of elevated temperatures by 

stabilizing and refolding denatured proteins. Oxidative 

stress, induced by hydrogen peroxide treatment, led to a 

notable increase in the expression of antioxidant genes, 

specifically superoxide dismutase (SOD) and catalase. SOD 

and catalase are crucial enzymes in the detoxification of 

reactive oxygen species (ROS). SOD catalyzes the 

conversion of superoxide radicals to hydrogen peroxide, 

which is then broken down by catalase into water and 

oxygen. The upregulation of these genes highlights the 

activation of the antioxidant defense system in response to 

oxidative stress, aimed at reducing ROS levels and 

preventing oxidative damage to cellular components. 

Nutrient deprivation caused a marked upregulation of 

autophagy-related genes Atg1 and Atg8. Autophagy is a 

cellular process that degrades and recycles cellular 

components to maintain energy balance and support survival 

during nutrient scarcity. The increased expression of Atg1 

and Atg8 indicates the activation of autophagy in response 

to nutrient deprivation, enabling the cells to recycle 

intracellular materials and sustain essential metabolic 

functions in the absence of external nutrients. 

 

2. Protein Modifications 

The protein levels of HSP70, catalase, and LC3 (Autophagy 

marker) were assessed in control and stressed cells. 
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Fig 2: Western Blot Analysis under various stress conditions  
 

The Western blot analysis assessed the levels of key stress-

responsive proteins, including HSP70, catalase, and LC3-II, 

in Drosophila cells under various environmental stress 

conditions: control, heat shock, oxidative stress, and nutrient 

deprivation. The results revealed significant variations in 

protein expression levels, reflecting the cellular responses to 

each type of stress. Under control conditions, the baseline 

levels of HSP70, catalase, and LC3-II were observed, 

indicating normal cellular function without stress-induced 

changes in protein expression. These baseline levels serve as 

a reference point for comparing the effects of different 

stressors on protein expression. Heat shock treatment led to 

a marked increase in HSP70 levels. HSP70 is a well-known 

heat shock protein that assists in protein folding and protects 

cells from stress-induced damage by preventing protein 

aggregation. The elevated levels of HSP70 in heat-shocked 

cells indicate an activated heat shock response, which helps 

to mitigate the detrimental effects of elevated temperatures 

on cellular proteins. Oxidative stress, induced by hydrogen 

peroxide treatment, resulted in a significant increase in 

catalase levels. Catalase is an antioxidant enzyme that 

decomposes hydrogen peroxide into water and oxygen, thus 

reducing oxidative stress within the cell. The elevated 

catalase levels in response to oxidative stress highlight the 

activation of the cell's antioxidant defense mechanisms to 

neutralize excess ROS and protect cellular components from 

oxidative damage. Nutrient deprivation induced a notable 

increase in LC3-II levels. LC3-II is a marker of autophagy, a 

process where cells degrade and recycle their own 

components to maintain energy homeostasis and support 

survival during nutrient scarcity. The rise in LC3-II levels 

under nutrient deprivation indicates the activation of 

autophagy as a cellular adaptation to the lack of external 

nutrients, allowing the cells to sustain essential metabolic 

processes. 

 

3. Cellular Adaptations 

Cell morphology and viability were examined using phase-

contrast microscopy and trypan blue exclusion assays, 

respectively. 

 

 
 

Fig 3: Cell Morphology and Viability 
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The study assessed the impact of different environmental 

stressors on cell morphology and viability in Drosophila 

cells, including control, heat shock, oxidative stress, and 

nutrient deprivation conditions. The results revealed distinct 

changes in both cell morphology and viability, highlighting 

the varying degrees of cellular stress and damage induced 

by each condition. Under control conditions, Drosophila 

cells maintained their typical morphology, appearing 

healthy and elongated, with high cell viability at 95%. This 

baseline reflects the normal physiological state of the cells, 

where homeostatic mechanisms effectively support cellular 

functions and integrity. Exposure to heat shock resulted in 

noticeable morphological changes, with cells adopting a 

rounded shape, indicative of stress. The cell viability 

decreased to 80%, suggesting that while heat shock induced 

significant stress, a substantial proportion of cells managed 

to survive. The rounded morphology is a common response 

to heat shock, where cellular structures, particularly 

proteins, may undergo denaturation, leading to cytoskeletal 

rearrangements and altered cell shape. Oxidative stress, 

induced by hydrogen peroxide treatment, had a severe 

impact on both cell morphology and viability. The cells 

exhibited fragmented morphology, a sign of extensive 

cellular damage and apoptosis. Cell viability dropped 

sharply to 60%, highlighting the detrimental effects of 

oxidative stress. The high levels of reactive oxygen species 

(ROS) generated under oxidative stress conditions likely 

caused oxidative damage to cellular components, leading to 

impaired cell function and increased cell death. Nutrient 

deprivation led to the formation of autophagic vacuoles, 

reflecting the activation of autophagy as a survival 

mechanism under starvation conditions. While the cell 

viability was reduced to 70%, it was higher than that 

observed under oxidative stress. The presence of autophagic 

vacuoles indicates that cells are attempting to recycle 

cellular components to maintain energy balance and support 

essential functions in the absence of external nutrients. 

 

4. Reactive Oxygen Species (ROS) Levels 

ROS levels were measured using the fluorescent dye 

DCFDA. 

 

 
 

Fig 4: ROS Levels under various stress conditions  

 

Oxidative Stress: Markedly increased ROS levels compared 

to control cells. 

The levels of reactive oxygen species (ROS) are critical 

indicators of cellular oxidative stress, reflecting the balance 

between ROS production and the cell’s antioxidant 
defenses. In this study, ROS levels were assessed in 

Drosophila cells under different stress conditions, including 

control, heat shock, oxidative stress, and nutrient 

deprivation. The results were measured as relative 

fluorescence intensity, with higher values indicating 

increased ROS levels. Under control conditions, the ROS 

levels were set as the baseline with a relative fluorescence 

intensity of 1. This baseline represents the normal state of 

the cells where the production and detoxification of ROS are 

balanced, maintaining cellular homeostasis. When the cells 

were subjected to heat shock, the ROS levels increased 

modestly, with a relative fluorescence intensity of 2. This 

increase suggests that heat shock induces a moderate level 

of oxidative stress, likely due to protein denaturation and 

aggregation, which can disrupt cellular homeostasis and 

elevate ROS production. However, the increase was not as 

drastic as in other stress conditions, indicating that cells can 

manage and mitigate some of the oxidative stress induced 

by heat shock. 

Oxidative stress, induced by hydrogen peroxide treatment, 

resulted in a significant increase in ROS levels, with a 

relative fluorescence intensity of 8. This substantial rise in 

ROS levels indicates severe oxidative stress, overwhelming 

the cell's antioxidant defenses. Hydrogen peroxide, a potent 

ROS, directly contributes to oxidative damage by reacting 

with cellular components such as lipids, proteins, and DNA. 

The high ROS levels under this condition highlight the 

extensive oxidative damage and stress experienced by the 

cells. Nutrient deprivation led to a moderate increase in 

ROS levels, with a relative fluorescence intensity of 3. 

Although nutrient deprivation induces stress, it does not lead 

to as severe an increase in ROS as oxidative stress. The 

elevated ROS levels under nutrient deprivation suggest that 

https://www.biologyjournal.net/


 

~ 118 ~ 

International Journal of Biology Sciences https://www.biologyjournal.net 
 

the lack of nutrients disrupts metabolic processes, leading to 

increased ROS production. However, the cells seem to 

activate adaptive mechanisms, such as autophagy, to 

mitigate some of the oxidative stress. 

5. Mitochondrial Membrane Potential 

Mitochondrial membrane potential was assessed using JC-1 

staining. 

 

 
 

Fig 5: Mitochondrial Membrane Potential under various stress conditions  

 

The mitochondrial membrane potential is a crucial indicator 

of mitochondrial health and function, reflecting the ability 

of mitochondria to generate ATP and maintain cellular 

energy balance. In this study, the mitochondrial membrane 

potential was assessed in Drosophila cells under different 

stress conditions, including control, heat shock, oxidative 

stress, and nutrient deprivation. The results were measured 

as the red/green fluorescence ratio, with a higher ratio 

indicating healthier mitochondria with intact membrane 

potential. Under control conditions, the mitochondrial 

membrane potential was set as the baseline with a relative 

red/green fluorescence ratio of 1. This ratio reflects the 

normal, healthy state of the mitochondria in unstressed cells. 

When the cells were subjected to heat shock, the 

mitochondrial membrane potential decreased significantly to 

a relative ratio of 0.6. This reduction suggests that heat 

shock induces mitochondrial stress and potential damage, 

impairing the mitochondria's ability to maintain their 

membrane potential. Oxidative stress, induced by hydrogen 

peroxide treatment, resulted in the most pronounced 

decrease in mitochondrial membrane potential, with a 

relative ratio of 0.3. This substantial drop indicates severe 

mitochondrial dysfunction, likely due to the high levels of 

reactive oxygen species (ROS) generated during oxidative 

stress. ROS can cause oxidative damage to mitochondrial 

proteins, lipids, and DNA, leading to a loss of membrane 

potential and impaired ATP production. Nutrient 

deprivation led to a moderate decrease in mitochondrial 

membrane potential, with a relative ratio of 0.8. While 

nutrient deprivation does stress the cells, the mitochondria 

appeared to retain more of their function compared to the 

other stress conditions. This result suggests that although 

autophagy is activated under nutrient deprivation to recycle 

cellular components, the mitochondria are still capable of 

maintaining a relatively higher membrane potential 

compared to the severe effects seen with oxidative stress. 

Discussion 

The study investigated the impact of environmental stressors 

on Drosophila cell physiology, focusing on changes in gene 

expression, protein levels, cell morphology, viability, ROS 

levels, and mitochondrial membrane potential. The results 

provide a comprehensive understanding of how Drosophila 

cells respond to heat shock, oxidative stress, and nutrient 

deprivation, highlighting the distinct cellular mechanisms 

activated under each condition. 

Heat shock led to significant upregulation of heat shock 

proteins (HSP70 and HSP83), increased HSP70 protein 

levels, and noticeable changes in cell morphology, with cells 

adopting a rounded shape. These findings are consistent 

with previous studies demonstrating the critical role of heat 

shock proteins in protecting cells from thermal damage by 

preventing protein aggregation and assisting in protein 

refolding. The moderate decrease in cell viability and 

mitochondrial membrane potential further supports the 

notion that heat shock induces stress but also activates 

protective mechanisms to mitigate damage. Oxidative stress 

resulted in a substantial increase in ROS levels, elevated 

expression of antioxidant genes (SOD and catalase), 

increased catalase protein levels, and severe mitochondrial 

fragmentation. These results align with studies showing that 

oxidative stress leads to elevated ROS production, which 

can cause significant oxidative damage to cellular 

components. The upregulation of antioxidant enzymes and 

the significant drop in cell viability highlight the dual role of 

ROS as both signaling molecules and damaging agents. The 

severe impact on mitochondrial membrane potential under 

oxidative stress underscores the vulnerability of 

mitochondria to oxidative damage, which is well-

documented in the literature. Nutrient deprivation induced 

the upregulation of autophagy-related genes (Atg1 and 

Atg8), increased LC3-II protein levels, and the presence of 

autophagic vacuoles, indicating the activation of autophagy. 
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These observations are in line with previous research 

showing that nutrient scarcity triggers autophagy as a 

survival mechanism, allowing cells to recycle intracellular 

components to maintain energy balance. The moderate 

decrease in cell viability and relatively less severe impact on 

mitochondrial membrane potential suggest that autophagy 

helps sustain cellular functions during nutrient deprivation. 

Comparing these findings with relevant studies, the 

activation of specific stress responses in Drosophila cells 

mirrors similar mechanisms observed in other model 

organisms, such as yeast and mammalian cells. For instance, 

the heat shock response and the upregulation of heat shock 

proteins are conserved across species, as shown by 

Lindquist and Craig (1988) [1]. The role of antioxidant 

enzymes in mitigating oxidative stress is well-established in 

both plant and animal systems, as evidenced by Apel and 

Hirt (2004) [2]. The activation of autophagy in response to 

nutrient deprivation is a conserved mechanism across 

eukaryotes, as reviewed by Mizushima and Komatsu (2011) 
[3]. 

The use of advanced techniques, such as qRT-PCR for gene 

expression analysis, Western blotting for protein level 

assessment, and fluorescence microscopy for ROS and 

mitochondrial membrane potential measurements, provided 

robust and reliable data. These methods allowed for a 

detailed and quantitative analysis of the cellular responses to 

different stressors, supporting the validity and reliability of 

the findings. 

In conclusion, this study demonstrates that Drosophila cells 

employ distinct and specific mechanisms to cope with 

various environmental stressors. The activation of heat 

shock proteins, antioxidant enzymes, and autophagy 

highlights the versatility and adaptability of cellular stress 

responses. These findings contribute to the broader 

understanding of stress biology and offer potential insights 

into developing strategies to enhance stress resilience in 

other organisms, including crops and humans. The 

comparison with relevant studies underscores the 

conservation of stress response mechanisms across different 

species, further validating the significance of the observed 

cellular adaptations in Drosophila cells. 

 

Conclusion 

The study comprehensively examined the impact of various 

environmental stressors on Drosophila cell physiology, 

focusing on heat shock, oxidative stress, and nutrient 

deprivation. The findings provide valuable insights into the 

cellular mechanisms and adaptive responses employed by 

Drosophila cells to cope with these stress conditions. The 

investigation revealed distinct patterns of gene expression, 

protein modulation, and cellular adaptations specific to each 

type of stress, underscoring the complexity and specificity 

of cellular stress responses. Heat shock induced a marked 

upregulation of heat shock proteins (HSP70 and HSP83), 

essential for protein protection and repair under elevated 

temperatures. The increase in HSP70 protein levels and the 

observed morphological changes indicate an effective 

activation of the heat shock response, although accompanied 

by a moderate decrease in cell viability and mitochondrial 

membrane potential. Oxidative stress resulted in a 

significant increase in ROS levels and the upregulation of 

antioxidant genes (SOD and catalase). The elevated catalase 

protein levels and severe mitochondrial fragmentation 

reflect the cell's efforts to mitigate oxidative damage. 

However, the substantial drop in cell viability highlights the 

detrimental impact of excessive ROS production, despite the 

activation of antioxidant defenses. Nutrient deprivation 

triggered the upregulation of autophagy-related genes (Atg1 

and Atg8) and increased LC3-II protein levels, indicative of 

autophagy activation. This response supports cellular 

survival by recycling intracellular components to maintain 

energy balance during nutrient scarcity. The moderate 

reduction in cell viability and relatively preserved 

mitochondrial membrane potential suggest that autophagy is 

a crucial adaptive mechanism under nutrient stress. The 

study's use of advanced methodologies, including qRT-PCR, 

Western blotting, and fluorescence microscopy, provided 

robust and quantitative data, enhancing the reliability of the 

findings. The results align with existing literature, 

demonstrating the conservation of stress response 

mechanisms across different species, including yeast, plants, 

and mammals. In conclusion, Drosophila cells exhibit 

highly specific and effective stress responses tailored to 

different environmental challenges. The activation of heat 

shock proteins, antioxidant enzymes, and autophagy 

highlights the dynamic and versatile nature of cellular 

adaptations. These insights contribute to a deeper 

understanding of cellular stress biology and have potential 

applications in developing strategies to enhance stress 

resilience in various organisms, including agricultural crops 

and human health. The findings underscore the importance 

of continued research into the molecular and cellular 

mechanisms underlying stress responses, offering avenues 

for future studies aimed at improving stress tolerance and 

overall cellular health. 
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