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Abstract 
The detrimental effects of fluoride on aquatic life and 

humans have made the toxicity of this substance a 

worldwide concern. Fluoride impacts fish survival, 

growth and reproduction by affecting the levels of 

biomolecules, as well as enzyme inhibition, collagen 

degradation, gastrointestinal injury and immune 

system disruption. Thus, it is essential to comprehend 

the molecular mechanisms influenced by fluoride to 

devise strategies for the protection and preservation of 

aquatic systems. The current investigation focuses on 

identifying and characterising differentially expressed 

proteins in Gibelion catla with respect to fluoride 

toxicity. Protein measurement indicated that the 

protein concentrations in the muscular tissues of 

control and NaF-treated fish were 17.8±1.4 and 

12.3±2.2 mg/g.  

 

Additionally, comparative proteome analysis through 

SDS-PAGE demonstrated that two peptide bands with 

molecular weights of 31 and 18 kDa were differentially 

expressed in fish exposed to NaF. These protein bands 

were identified by PMF as caspase-3 and Cu/Zn SOD. 

The physico-chemical characterisation indicated that 

the caspase-3 and Cu/Zn SOD proteins exhibited acidic 

characteristics, with pI values of 6.07 and 5.69. The 

secondary structure revealed that caspase-3 and Cu/Zn 

SOD exhibit a greater fraction of random coils, with 

respective percentages of 53.11 and 55.19%. 

Furthermore, the homology modelling indicated that 

the C5jftB and d1q0ea are the most suitable templates 

for caspase-3 and Cu/Zn SOD. The present research 

demonstrated that the predicted 3D models of caspase-

3 and Cu/Zn SOD were reliable and coherent. 
 

Keywords: Fluoride, Gibelion catla, Proteome, SDS-

PAGE, Caspase-3, Cu/Zn SOD. 

 

Introduction 
Aquatic fluoride contamination has become a global concern 

due to its detrimental effects on both aquatic organisms and 

humans40. Fluorides are naturally occurring substances that 

are part of the halogen group of minerals. Fluoride is mostly 

found in groundwater, where it is formed by the solvent 

action of water on the rocks and dirt of the earth’s crust. The 

elevated fluoride levels in groundwater and surface water in 

numerous regions globally are a significant problem. 

Fluoride-bearing rocks such as cryolite, fluorite, fluorspar, 

fluorapatite and hydroxylapatite are the primary sources of 

fluoride in groundwater27. 

 

According to WHO41 statistics, fluoride enters the 

piscivorine population through the food chain. The gills and 

skin of fish allow fluoride to enter its body, where it typically 

accumulates in the muscles, liver, gut, skeletal structure and 

gills37. Fluoride primarily impacts the levels of protein, fat, 

glucose, cholesterol and glycogen, which are essential to fish 

survival, growth and reproduction22. Furthermore, fluoride 

toxicity results in enzyme inhibition, collagen degradation, 

gastrointestinal injury and immune system alteration26.  

 

Bajpai and Tripathi3 assert that lipids and proteins function 

as growth bioindicators for fluoride pollution in 

Heteropneustis fossilis, with a prolonged fluoride presence 

leading to a reduction of these biomolecules in body tissues, 

ultimately impairing the fish’s growth and development. In 

addition, exposure to NaF in experimental fish resulted in 

behavioural anomalies including alterations in body 

position, habits, food sensitivity, operculum opening rate 

and swimming movements28. However, the buildup and 

elevated release of mucus in fish exposed to fluoride could 

constitute an adaptive and defensive reaction to prevent the 

toxicant’s absorption by the entire body surface of fish43. 

 

Fish is a significant component of the human diet in 

numerous regions globally, owing to its high protein content, 

low saturated fat and adequate omega fatty acids recognised 

for promoting great health15. Over the last two decades, 

Indian aquaculture has expanded by 6.5 times, with 

freshwater fish farming constituting over 95% of the overall 

production. The freshwater aquaculture sector, which 

represented 34% of inland fisheries in the mid-1980s, is now 

expanding to over 80%10.  

 

Hence, the toxicity assessment of fluoride on fish anticipates 

the health condition of the aquatic environment and serves 
as an important screening tool for devising protection and 

conservation strategies for aquatic systems. Therefore, 

understanding the molecular pathways influenced by 
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fluoride toxicity is crucial for understanding its impacts and 

filling the gaps in current studies. The current investigation 

focuses on identifying and characterising differentially 

expressed proteins in Gibelion catla muscle with respect to 

fluoride toxicity using in silico because of high productivity 

and economic significance. 

 

One of the rapidly expanding species that has attracted 

market interest is the G. catla, which is a member of the carp 

family (Cyprinidae) and is often referred to as the Indian 

carp or Catla18. It can be found in Bangladesh, Nepal, India, 

Pakistan, Myanmar, Sri Lanka and China. The species is 

indigenous to North India and has recently been introduced 

to Peninsular India. The G. catla fish species possesses 

significant ecological importance by primarily consuming 

algae and plankton, hence regulating the population density 

of these minute creatures12. By preventing severe 

eutrophication and improving water quality indirectly, G. 
catla benefits the environment as a whole and boosts 

biodiversity14. Catla holds considerable economic and 

cultural significance as well as an exceptional option for 

commercial fishing in South Asia due to its substantial size 

and superior flesh quality16.  

 

Furthermore, G. catla is a rich source of beneficial lipids 

including polyunsaturated omega fatty acids like 

docosahexaenoic acid, arachidonic acid and 

eicosapentaenoic acid, which the human body cannot 

synthesise and requires dietary supplementation. Moreover, 

the literature search indicated a deficiency of complete 

evidence concerning the impact of fluoride poisoning on 

proteome expression. Hence, this study concentrated on the 

identification and in silico characterisation of differentially 

expressed proteins in the muscles of G. catla in relation to 

fluoride toxicity. 

 

Material and Methods 
Experimental design: Healthy G. catla samples (weight 

approx. 150-250 g, length 20-25 cm) were sourced from 

local fish farming ponds of the Visakhapatnam district and 

maintained under stable laboratory conditions for 30 days. 

The study comprised of two groups: Group I, consisting of 

control fish and Group II, consisting of NaF-treated fish. The 

control group (Group I) consists of fish that are not exposed 

to NaF-toxicity, while group II is subjected to a NaF 

concentration of 35 mg/L. The investigation was conducted 

using glass aquarium measuring 60x40x45 cm for a period 

of 30 days during which G. catla were fed three times daily 

with pellet fish feed (Growell-Fishmax).  

 

The water temperature was adjusted to align with the pond 

water temperature, ranging from 23-25ºC. The photoperiod 

was adjusted to 12 hours of light and 12 hours of darkness. 

Aerators were affixed to tubs to enhance aeration. Daily, 

excess waste was removed and 50% of the water in the 

aquarium was replaced with dechlorinated fresh water. 

Following a 30-day exposure, fish were dissected and the 

inedible organs such as offal, bones and scales were 

promptly removed to prevent decomposition. The excised 

muscle tissue was rinsed and preserved at -20ºC for 

subsequent analyses. 

 

Protein extraction and estimation: The protein content of 

G. catla muscle tissue was extracted using PVP according to 

Ferreria et al11 method. In order to extract protein, the muscle 

tissue was homogenised at 4ºC in 50 mM sodium phosphate 

buffer containing 10% PVP. The homogenate was subjected 

to centrifugation for 20 minutes at 4ºC and 14000 rpm, after 

which the supernatant was collected. Furthermore, the 

protein concentration in the supernatant was determined 

using the Lowry et al24 method. 

 

Proteome profiling by SDS-PAGE and elution of 

peptide: Proteins were separated based on molecular weight 

using SDS-PAGE in accordance with Sambrook and 

Russell31 methodology. The crude protein sample was mixed 

in the sample loading buffer at a 1:3 v/v ratio and it was 

heated to 95ºC for 10 minutes and subsequently cooled. The 

sample was then subjected to SDS-PAGE alongside a 

parallel run of protein markers with molecular weights 

ranging from 250-10 KDa. Laemmli23 method was utilised 

to prepare a 15% resolving gel and a 5% stacking gel. Using 

a vertical electrophoretic unit and running buffer that 

contained 25 mM Tris-base, 192 mM glycine and 3 mM 

SDS, the electrophoresis was initially carried out at 50 V for 

one hour and then it was run at 100 V.  

 

Followed by electrophoresis, the gel was stained for 

overnight using 0.5% Coomassie Brilliant Blue R-250 and 

then destained until the background was clear. The gel was 

examined to identify the protein bands that were 

differentially expressed between the control and NaF-treated 

fish. After SDS-PAGE, the differentially expressed peptide 

gel bands from the NaF-treated fish were extracted from the 

gel by suspending them in elution buffer and precisely 

crushing the mixture. Then the solution was centrifuged at 

10000 rpm for 10 minutes at 4ºC and the supernatant 

containing the eluted peptide fraction was collected. 

 

Protein identification by MALDI-TOF/MS: For 

identification and molecular weight determination, the 

eluted peptide fraction was analysed through peptide mass 

fingerprinting using MALDI-TOF/MS. For PMF, 0.5 μL of 

the eluted peptide was applied to a matrix that contained 

saturated α-cyano-4-hydroxycinnamic acid that had been 

made with 50% acetonitrile and 5% trifluoroacetic acid. The 

mass spectrometric data of the digested protein sample was 

obtained using the ABI 4800 MALDI-TOF (Applied 

Biosystems, Foster City, CA). The spectral data were 

obtained in reflector mode across a mass range of 600-9000 

Da. The generated mass spectrum was subjected to sequence 

database searches utilising MASCOT software. The 

MASCOT software analysis generated a score that indicated 
the likelihood of a true positive identification, with a 

minimum value of 50. 
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In silico characterisation: The identified peptides were 

characterised by predicting their physico-chemical 

characteristics, secondary structure, tertiary structure, gene 

ontologies for their biological functions and PPI networks. 

The FASTA sequences of the identified proteins were 

obtained from UniProt, a publicly available protein database 

at www.uniprot.org2. The ProtParam server from Expasy 

was utilised to ascertain the physicochemical properties. The 

secondary structural components of the identified peptide 

were predicted utilising the SOPMA server. The 3D model 

was generated using the Phyre2 server20. Subsequently, the 

3D model quality was assessed using the QMEAN scoring 

function and Ramachandran plot analysis using the 

PROCHECK server. Furthermore, the PPI networks were 

established using STRING analysis via PPI pairs with 

protein interaction values exceeding 0.4. 

 

Results and Discussion 
Estimation of protein: Quantifying proteins in any 

organism is crucial for evaluating its physiological and 

metabolic condition, as protein levels directly correlate with 

health status. The protein concentrations in the muscle tissue 

of control fish and NaF-treated fish were measured as 

17.8±1.4 and 12.3±2.2 mg/g respectively. These findings 

demonstrated a significant decrease in the protein content of 

fish exposed to fluoride. Kale and Muley19 have 

demonstrated that fluoride exposure significantly reduced 

the total protein content in Labeo rohita muscle, liver, gills 

and kidney. Chitra et al8 and Kumar et al22 stated that 

fluoride impacts specific biomolecules and enzymes in 

various tissues of freshwater fish. Fluoride disrupts multiple 

enzymes, thereby inhibiting their function. Therefore, 

disruptions to several vital metabolic functions including 

glycolysis, transcription and others are necessary for 

maintaining fish physiology4.  

 

Protein separation by SDS-PAGE: The analysis of the 

muscle proteome in both control and NaF-exposed G. catla 

was conducted utilising SDS polyacrylamide gel 

electrophoresis, revealing that the molecular weights of the 

expressed proteome span from 10-200 KDa. Moreover, the 

majority of the protein bands exhibit high and medium 

molecular weights. The current study on comparative muscle 

proteome analysis showed that most of the protein bands 

were the same in both treatment groups (Figure 1). 

Nevertheless, two protein bands were additionally found in 

fish exposed to NaF, suggesting that these proteins were 

expressed at significantly high levels, with molecular 

weights recorded at 31 and 18 KDa. The protein bands 

derived from the NaF-exposed fish were chosen for MALDI-

TOF analysis to facilitate the identification of the proteins. 

 

Proteins serve as the prime regulators of metabolic 

processes, facilitating growth and development and their 

synthesis undergoes significant alterations in response to 

environmental stress. The proteins that exhibited differential 

expression were associated with various cellular and 

physiological processes, encompassing osmoregulation, 

energy and carbohydrate metabolism, redox homeostasis 

and ion balance. Aziz et al1 discovered that fluoride elevated 

the levels of alkaline phosphatase (ALP), alanine 

aminotransferase (ALT) and aspartate aminotransferase 

(AST) in the gills of freshwater fish.  

 

Consequently, the elevated levels of these enzymes can be 

attributed to disruptions in carbohydrate and protein 

metabolism. Yan et al42 reports indicated that fluoride 

induces apoptosis through the elevation of oxidative stress-

induced lipid peroxidation, which leads to mitochondrial 

dysfunction and subsequently activates caspase-9 and 

caspase-3. 

 

 
Figure 1: Protein profiling of Gibelion catla muscle 

proteome under control and NaF-exposed conditions by 

SDS-polyacrylamide gel.  
 

Protein identification: Peptide mass fingerprinting 

represents a systematic approach for the identification of 

unknown proteins through the analysis of their peptide 

masses. This technique relies extensively on the availability 

of high-quality protein databases25. In this research, the PMF 

results showed that the protein bands at 31 and 18 KDa 

matched the caspase-3 protein and the Cu/Zn superoxide 

dismutase respectively. The mass spectrum data also show 

that G. catla caspase-3 protein and Cu/Zn superoxide 

dismutase are most similar to their corresponding proteins in 

Cyprinus caprio (Accession number XP_018965718.1) and 

Channa argus (Accession number AVX28209.1), with 

predicted identity scores of 76.3 and 83.4% respectively. 

Figures 2 and 3 present the mass spectra for the protein 

bands at 31 and 18 KDa respectively. Table 1 presents a 

summary of the protein identification results from peptide 

mass fingerprinting. 

 

In silico characterisation 

Physicochemical characterisation: Caspase-3 and Cu/Zn 

SOD proteins consist of 271 and 154 amino acids 

respectively, with estimated molecular weights of 30400.43 

and 16091.9 Da. Table 2 presents the physicochemical 

properties of caspase-3 and Cu/Zn SOD. The isoelectric 

points (pI) for caspase-3 and Cu/Zn SOD peptides were 

found to be 6.07 and 5.69 respectively. The pI represents the 

precise value at which a molecule achieves electrical 
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neutrality, which is characterised by an equal distribution of 

negative and positive charges. The protein’s immobility at 

the pI makes it a useful component in the formulation of 

buffer system for isoelectric focus separation. 

 

The extinction coefficients of the caspase-3 and Cu/Zn SOD 

are 29380 M⁻¹cm⁻¹ and 4595 M⁻¹cm⁻¹ when all pairs of 

cysteine residues are converted into cystines. Furthermore, 

upon reduction of all cystine residues, the extinction 

coefficients of caspase-3 and Cu/Zn SOD were 28880 

M⁻¹cm⁻¹ and 4470 M⁻¹cm⁻¹ respectively. The highest 

extinction coefficient represents an elevated concentration 

of Trp and Tyr. Caspase-3 and Cu/Zn SOD were shown to 

have instability indices of 19.88 and 22.62 respectively. The 

protein instability index indicates the stability of a protein 

under laboratory conditions.  

 

Guruprasad et al17 stated that a protein is deemed stable if its 

instability index is less than 40 and that a number greater 

than 40 suggests possible protein instability. Zaccaria et al44 

demonstrated that small elements located near N-terminus of 

a protein affect its stability, thereby influencing its longevity. 

Rogers et al30 demonstrated that proteins with a half-life of 

less than 5 hours exhibited an instability index exceeding 40, 

while those with a half-life greater than 16 hours had an 

instability index below 40. 

 

Table 1 

Identification result of the differentially expressed proteins by peptide mass fingerprinting. 

Source 

Organism 

Protein 

Gel Band 

Max. homology 

(Protein name) 

Best match 

organism 

Expt/Theor. 

Mw (KD) 

Score 

(Ms/MS) 

Accession No. 

G. catla 31 KDa Caspase-3 Cyprinus 
caprio 

31/31 76.3 XP_018965718.1 

G. catla 18 KDa Cu/Zn superoxide 

dismutase 

Channa 

argus 

16/18 83.4 AVX28209.1 

 

 
Figure 2: MALDI-TOF/MS spectrum of 31 KDa protein 

 

 
Figure 3: MALDI-TOF/MS spectrum of 18 KDa protein 
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Caspase-3 and Cu/Zn SOD exhibit a half-life of 

approximately 30 hours in mammalian reticulocytes under 

invitro conditions while their half-lives exceed 20 hours in 

yeast and 10 hours in E. coli. The protein sequences of 

caspase-3 and Cu/Zn SOD were found to have aliphatic 

indices of 74.62 and 76.56 respectively. The aliphatic index 

of these proteins reflects their stability across different 

temperatures. The aliphatic index measures the proportion of 

a protein’s volume that is occupied by aliphatic side chains, 

particularly those derived from the amino acids such as 

alanine, valine, isoleucine and leucine. It is considered a 

valuable factor in improving the thermal stability of globular 

proteins.  

Proteins with a high aliphatic index are anticipated to 

demonstrate stability over a wide range of temperatures. The 

diminished thermal stability over a wide range of 

temperatures suggests a structure characterised by increased 

flexibility. The GRAVY indices for caspase-3 and Cu/Zn 

SOD were calculated to be -0.279 and -0.392 respectively. 

The negative GRAVY suggests that proteins exhibit a polar 

and hydrophilic nature, resulting in enhanced interactions 

with water. The results indicate that ionisable amino acids 

located on the protein surface, accessible to water, 

predominantly affect the pI of proteins. 

 

Table 2 

Physicochemical characteristics of fish Caspase-3 and Cu/Zn SOD 

Parameter Caspase-3 Cu/Zn SOD 

Total no. of amino acids 273 154 

Molecular weight  30400.43 Da 16091.9 Da 

pI 6.07 5.69 

Positively charged residues 27 12 

Negatively charged residues  30 18 

Extinction 

coefficient 

Cys oxidised 29380 M-1cm-1 4595 M-1cm-1 

Cys reduced 28880 M-1cm-1 4470 M-1cm-1 

Instability index  19.88 22.62 

Aliphatic index 74.62 76.56 

GRAVY -0.279 -0.392 

Half-life In mammalian reticulocytes 30 hours 30 hours 

In yeast >20 hours >20 hours 

In E. coli >10 hours >10 hours 

Formula  C1326H2074N370O412S19 C690H1098N204O228S6 

 

Table 3 

Amino acid composition of fish Caspase-3 and Cu/Zn SOD 

Amino acid Caspase-3 Cu/Zn SOD 

No. of Residues % of Residues No. of Residues % of Residues 

Ala (A) 20 7.3 9 5.8 

Arg (R) 14 5.1 3 1.9 

Asn (N) 15 5.5 12 7.8 

Asp (D) 20 7.3 7 4.5 

Cys (C) 8 2.9 3 1.9 

Gln (Q) 13 4.8 4 2.6 

Glu (E) 10 3.7 11 7.1 

Gly (G) 19 7.0 25 16.2 

His (H) 6 2.2 8 5.2 

Ile (I) 11 4.0 11 7.1 

Leu (L) 19 7.0 8 5.2 

Lys (K) 13 4.8 9 5.8 

Met (M) 11 4.0 3 1.9 

Phe (F) 11 4.0 3 1.9 

Pro (P) 8 2.9 5 3.2 

Ser (S) 20 7.3 7 4.5 

Thr (T) 18 6.6 11 7.1 

Trp (W) 2 0.7 0 0.0 

Tyr (Y) 12 4.4 3 1.9 

Val (V) 23 8.4 12 7.8 



Research Journal of Biotechnology                                                                                                     Vol. 20 (10) October (2025)  
Res. J. Biotech. 

https://doi.org/10.25303/2010rjbt1570168      162 

Secondary structure: The secondary structure of caspase-3 

comprises of 27.11% alpha helices, 14.29% extended 

strands, 5.49% beta turns and 53.11% random coils. The 

secondary structure of Cu/Zn SOD protein is composed of 

6.49% alpha helices, 32.47% extended strands, 5.84% beta 

turns and 55.19% random coils. Table 4 and figure 4 present 

the secondary structural components of caspase-3 and Cu/Zn 

SOD. The secondary structure of a protein elucidates the 

conformation of individual amino acids, signifying their 

arrangement within a helix, strand, or coil. The findings 

demonstrated that random coils represent the predominant 

secondary structural element. 

 

Analysing a protein secondary structure facilitates the 

examination of hydrogen bonds within the protein, thereby 

yielding important insights into its structural and functional 

efficacy. Buxbaum7 asserts that random coils play a crucial 

role in proteins by providing flexibility and facilitating 

conformational changes. Highly flexible glycine and 

hydrophobic proline amino acids are responsible for the high 

coil proportion. Proline uniquely induces bends in 

polypeptide chains, disrupting ordered secondary 

structures38.  

 

Neelamathi et al29 indicate that the existence of coiled 

portions signifies a high degree of preservation and strength 

in protein structure. Hydrophobic residues create strong 

interactions with the hydrophobic lipid bilayer when they are 

added to a mixture36. Shelar et al32 established a correlation 

between the structures of α-helical proteins and their diverse 

activities. These functions include signal detection, receptor 

activation, ion and chemical transport across membranes, 

energy transfer and preservation. Additionally, the elongated 

conformation of α-helical proteins may contribute to their 

dynamic behaviour and sliding motion, both of which are 

essential for their best performances. 

 

Table 4 

Secondary structural elements of Caspase-3 and Cu/Zn SOD. 

Structural elements Caspase-3 Cu/Zn SOD 

No. of residues % of residues No. of residues % of residues 

Alpha helices (h) 74 27.11 10 6.49 

310 helix (g) 0 0.00 0 0.00 

Pi helix (i) 0 0.00 0 0.00 

β-bridges (b) 0 0.00 0 0.00 

Extended strand (e) 39 14.29 50 31.47 

β-turn (t) 15 5.49 9 5.84 

Bend region (s) 0 0.00 0 0.00 

Random coil (c) 145 53.11 85 55.19 

Ambiguous states 0 0.00 0 0.00 

Other states 0 0.00 0 0.00 

 

 
Figure 4: Spectra of secondary structural elements. A) Caspase-3 B) Cu/Zn SOD. 
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3D structure: The 3D models of caspase-3 and Cu/Zn SOD 

from G. Catla were predicted using protein IDs C5jftB and 

d1q0ea as templates, demonstrating identify percentages of 

90 and 70% respectively, with a confidence score of 100. 

Figures 5 and 6 present the predicted 3D representations of 

caspase-3 and Cu/Zn SOD. The confidence score is used to 

evaluate the accuracy and reliability of predicted structural 

3D models. The assessment involves evaluating the 

threading alignments and convergence parameters of 

structure assembly simulations. 

 

Homology modelling is a prevalent technique frequently 

employed in life science research to create structural models 

of proteins in the absence of available realistic structures. 

The 3D structure of proteins offers detailed understanding of 

their interactions and localisation in a stable conformation 

and also crucial for their molecular functions. Biasini et al6 

asserted that modelling and assessment methods must 

account for protein flexibility, given that proteins can exist 

in structurally distinct functional states and are not static 

entities. The Phyre2 facilitated the generation of 3D 

structural models for target protein sequences. This method 

was subsequently utilised to investigate possible folds 

through threading, using template sequences from the PDB 

structure database as references. 

 

Quality assessment of predicted 3D models: The caspase-

3 and Cu/Zn SOD predicted models have QMEAN values of 

-0.26 and 0.70 respectively. According to the density map of 

the QMEAN score, the model’s predicted consistency is 

between 0 and 1. The predicted models QMEAN score were 

near zero, signifying high model quality. Figures 7 and 8 

present the density plots produced by the QMEAN server for 

the predicted 3D models of caspase-3 and Cu/Zn SOD. The 

QMEAN server assessed the accuracy of the predicted 3D 

models. QMEAN is an index that integrates statistical 

probabilities of average energy and model reliability with 

predicted structural properties based on the target protein 

sequence33. Benkert et al5 asserted that the effectiveness of 

the predicted model is contingent upon the QMEAN score 

which has been standardised according to the number of 

interactions. 

 

Model validation: The structural integrity of the caspase-3 

and Cu/Zn SOD 3D models was evaluated using a 

Ramachandran plot assessment utilising the PROCHECK 

server, with a particular emphasis on the geometric features 

of the backbone conformations. The Ramachandran plot for 

the caspase-3 3D model indicates that 89.1% of residues are 

situated in the most favoured region, 10.4% in the 

additionally allowed region and 0.5% in the generously 

allowed regions.

 

 
Figure 5: Predicted 3D model of Caspase-3 

 

 
Figure 6: Predicted 3D model of Cu/Zn SOD 
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Figure 9 presents the Ramachandran plot for the predicted 

3D model of caspase-3. The Ramachandran plot for the 

Cu/Zn SOD model indicates that 89.3% of residues are 

situated in the most favourable region, 9.9% in the 

additionally allowed region and 0.8% in the generously 

allowed regions. Figure 10 presents the Ramachandran plot 

for the predicted 3D model of Cu/Zn SOD. Table 5 displays 

the Ramachandran plot statistics for the caspase-3 and Cu/Zn 

SOD models. The results indicate that the majority of amino 

acids phi-psi conformations align with a right-handed helix. 

The predicted model demonstrates reliability and stability.  

 

Based on the idea that the native structure of a protein 

molecule has the lowest free energy of all its potential 

conformations, several methods are employed. Kiran et al21 

employed PROCHECK to assess the validity of the 3D 

structure of ATP synthase β and glutamine dependent NAD+ 

synthetase. 

 

 
Figure 7: Plot showing the QMEAN and Z-score of the predicted 3D model of Caspase-3 

 

 
Figure 8: Plot showing the QMEAN and Z-score of the predicted 3D model of Cu/Zn SOD 

 

 
Figure 9: Ramachandran plot statistics of predicted caspase-3 structural model 
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Figure 10: Ramachandran plot statistics of predicted Cu/Zn SOD structural model 

 

Table 5 

Ramachandran plot statistics of predicted caspase-3 and Cu/Zn SOD models. 

Residues Caspase-3 Cu/Zn SOD 

No. of Residues % of 

Residues 

No. of 

Residues 

% of 

Residues 

Most favoured regions 202 80.5 137 95.1 

Additionally allowed regions 30 12.0 7 4.9 

Generously allowed regions 9 3.6 0 0.0 

Disallowed regions 10 4.0 0 0.0 

Non-Glycine and Non-Proline 251 100 144 100 

End Residues 2 - 2 --- 

Glycine 8 - 2 --- 

Proline 10 - 2 --- 

 

 
Figure 11: The PPI network of Caspase-3 and the predicted functional partners 

 

PPI network analysis: The STRING database includes 

protein-protein interactions (PPIs) obtained from both 

experimental and computational approaches. It assigns a 

quality score to every interaction by combining data from 

many sources including literature and gene expression 
profiles35. The STRING database has comprehensive 

information on protein biology including data on their 

structure, gene sequence, homology, co expression and 

association. Researchers have processed this data using text 

mining, computational phylogeny, in vitro, in vivo and in situ 
analysis34. Analysing the caspase-3 and Cu/Zn SOD proteins 

with the STRING database predicted the functional partners 

of the protein with moderate confidence (score: 0.4). The 
interaction networks of caspase-3 and Cu/Zn SOD with their 

predicted functional partners is shown in figures 11 and 12. 
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Figure 12: The PPI network of Cu/Zn SOD and the predicted functional partners 

 

The functional partners of caspase-3 were found to be 

LOC10116683 (X-linked inhibitor of apoptosis), Caspase-8, 

Caspase-9, LOC101172600 (Baculoviral IAP repeat-2), 

Parp1 (Poly-ADP-ribose polymerase), LOC100125536 

(C14 family peptidase), LOC100155061 (Baculoviral IAP 

repeat-5a), LOC101175466 (Unknown protein) and 

LOC101168921 (Actin). The statistical parameters of 

caspase-3 PPI network such as number of nodes, number of 

edges, average node degree, average local clustering 

coefficient and PPI enrichment P-value were found to be 11, 

30, 5.45, 0.856 and 2.56e-06.  

 

The functional partners of Cu/Zn SOD were found to be CCS 

(Cu-chaperon for SOD), park7, Cat (Catalase), Sod2 

(superoxide dismutase), txn (Thioredoxin), LOC101170553 

(NME/NM23 family member), Cox1 (Cytochrome-C 

oxidase subunit 1), atox1 (Antioxidant copper chaperone) 

and cytb (Cytochrome b) and LOC101160286 (Heme 

binding protein). The statistical parameters of Cu/Zn SOD 

PPI network such as number of nodes, number of edges, 

average node degree, average local clustering coefficient and 

PPI enrichment P-value were found to be 11, 26, 4.73, 0.798 

and 0.00219.  

 

Conclusion 
The research indicated a significant reduction in protein 

content in fish exposed to fluoride. Comparative muscle 

proteome analysis indicated that the majority of protein 

bands were similar across both treatment groups. But when 

exposed to NaF, two new protein bands with molecular 

weights of 31 and 18 KDa were discovered. These protein 

bands were recognised as caspase-3 and Cu/Zn SOD. The 

physicochemical characterisation indicated that the caspae-

3 protein and Cu/Zn SOD in fish exhibited acidic 

characteristics, with pI values of 6.07 and 5.69 respectively.  

 

The secondary structure analysis revealed that caspase-3 and 

Cu/Zn SOD exhibit a greater proportion of random coils. 

Furthermore, the homology modelling showed that the best 

templates for the caspase-3 and Cu/Zn SOD are C5jftB and 

d1q0ea. Caspase-3 and Cu/Zn SOD predicted models had 
QMEAN values of 0.7 and -0.26 respectively. The present 

study showed that the predicted structural models of 

caspase-3 and Cu/Zn SOD were accurate and coherent.  
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