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Abstract 
The objectives of this study were to investigate the effects of single nucleotide polymorphism in Canine cytochrome b5 
reductase using computational methods. Data was obtained from database of National Centre for Biotechnology 
Information (db SNP) and computational software was used for the analysis. The 3D protein structure was predicted 
using phyre 2 server. PANTHER analysis predicted the effect of single nucleotide polymorphism (substitution of 
Isoleucine for Leucine at position 194) as damaging. Analysis using the Mutpred 2 web application also indicated 
deleterious effects of the amino acid substitution. Molecular mechanisms of structural changes in the amino acid were 
determined using Mutpred 2 to be altered ordered interface, gain of allosteric sites and altered metal binding. The study 
indicated that the substitution   of Isoleucine by Leucine at position 194 of the amino acid sequence (Ile 194 Leu) resulted 
in the destabilization of the amino acid structure leading to functional deviation in canine cytochrome b5 reductase. 
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1. Introduction 

Single nucleotide polymorphism plays a 
significant role in functional deviation of proteins 
resulting in many diseases (Brijash and Kinnari, 
2014). A major pathway for sulphonomide 
detoxification is N acetylation, impaired N 
acetylation appears to be a risk factor for 
sulphonamide hypersensitivity (Funk-keenan et al., 
2012). Both somatic and the soluble (Erythrocytic) 
forms of cytochrome b5 reductase are encoded by 
the cytochrome b 5 reductase (CYB5R3) gene (Roma 
et al., 2006). The enzyme is primarily responsible for 
the maintenance of hemoglobin in its reduced and 
active form (Scott et al., 2002). The association 
between methemoglobinemia   and some variants of 
cytochrome b5 reductase has been established in 
some breeds of dogs (Shino et al., 2018). 
Nonsynonymous single nucleotide polymorphisms 
have been reported to affect protein expression and 
enzymatic activity of cytochrome b 5 reductase. 
Sulphonamide hypersensitivity has been 
documented in dogs in an average of 12 days 
following sulphonamide administration (Trepanier 
et al., 2003). Clinical signs associated with 
sulphonamide hypersensitivity include fever, 
hepatic disorder, cutaneous lesions, proteinuria, and 
neurological signs. The disorder appears to be 
overexpressed in some breeds of dogs which 
indicate a genetic predisposition (Reinhart et al., 
2018). Protein functions may be altered by altering 
protein solubility or by destabilizing protein 
structure (Brijash and Kinnari, 2014). 

Protein analysis through evolutionary 
relationship is a resource for gene analysis based on 
evolutionary history and functions (Huaiyu et al., 
2019). The server uses gene ontology tool for 
functional classification. Mutpred 2 is a software 
package that integrates genetic and molecular data 
to predict the pathonenicity of amino acid 
substitution (Vikas et al., 2017). It provides both 
pathogenic predictions and a list of specific potential 
molecular alterations (Jain et al., 2016). The effects 
of substitution of Isoleucine by Leucine in position 
194 of amino acid sequence of canine cytochrome b5 
reductase were evaluated in this study. The canine 
cytochrome B5 reductase is a potential biomarker 
for sulphonomide hypersensitivity in dogs. The 
objectives of this study were to investigate the 
functional and structural effects of single nucleotide 
polymorphism in canine cytochrome B5 reductase.   

2. Materials and Methods 

Data on canine cytochrome b5 reductase with 
accession numbers >ABA12483.1 was retrieved 
from db SNP database of National Centre for 
Biotechnology Information (NCBI) and used for 
analysis. 

Determination of 3D structure: 

The 3D structure of canine cytochrome b 5 
reductase was determined using phyre 2 server 

(Version 2.0, Imperial College London, United 
Kingdom). The tool was used to analyze and predict 
protein structure, function, and mutations (Kelly et 
al., 2015). The server uses advanced detection 
techniques to build 3D models and analyze effects of 
amino acid variants using protein sequences. The 
method relies on profiles or hidden markkov models 
(Yates et al., 2014). 

Analysis of single nucleotide polymorphism using 
Panther: 

Panther (Version 15.0, University of Southern 
California, United States of America) estimates the 
likelihood that a non-synonymous SNP will cause a 
functional impact on the protein as described by 
Tang and Thomas, 2016. 

Analysis of single nucleotide polymorphism using 
MutPred 2: 

The Mutpred 2 server (Version 2.0, Indiana 
University, United State of America) was used to 
predict the functional and structural effects of single 
nucleotide polymorphism on canine cytochrome B5 
reductase as described by (Kelly et al., 2017). 

3. Results and Discussion 

Analysis using MutPred 2 indicates damaging 
effects of substitution of Isoleucine by Leucine at 
position 194 of the amino acid sequence. The 
molecular mechanisms of structural changes in the 
amino acid sequence were predicted to be altered 
binding sites as shown in Table 1. 

The three dimensional (3D structure) of canine 
cytochrome B5 reductase was predicted using Phyre 
2 server as shown in Figure 1. 

Panther software predicted the effects of 
substitution of Isoleucine by Leucine at position 194 
of amino acid sequence of canine cytochrome b5 
reductase as damaging. The result is shown in Table 
2. 

Sulphonomide detoxification in dogs is carried 
out largely by reduction of the reactive 
sulphonomide hydroxylamine metabolite by 
cytochrome b5 reductase (Shino et al., 2018). 
Acquired methemoglobinemia occurs following 
exposure to drugs or oxidizing agents such as 
sulphonamides, whereas congenital 
methemoglobinemia is associated with deficiency of 
cytochrome b5 reductase in dogs (Jaffey et al., 
2017). Hemoglobin is maintained in reduced 
functional state by biologically reducing mechanisms 
involving cytochrome b5 reductase enzyme. 

This study indicates that analysis of single 
nucleotide polymorphism in canine cytochrome b5 
reductase provides better understanding of genetic 
markers of drug hypersensitivity in dogs. The results 
demonstrate the potential use of canine cytochrome 
b5 reductase as a genetic marker for sulphonamide 
hypersensitivity in dogs. The knowledge is useful in 
preventing the application of incriminating drugs in 
susceptible animals in order to eliminate the 
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occurrence of drug hypersensitivity. The study 
indicated that the substitution of Isoleucine by 
Leucine at position 194 of the amino acid sequence 

(Ile 194 Leu) resulted in the destabilization of the 
amino acid structures leading to functional deviation 
in canine cytochrome b5 reductase.  

Table (1):  Predicting the effect of substitution of leucine by isoleucine at position 194 of canine cytochrome b5 reductase 
using Mutpred 2 server (Version 2.0, Indiana University) 

Parameters  Predicted 
conservation 
score/ Probability 

      P - Value  

 
Mutpred 2 score  

  
0.620 

  
- 

 

Altered ordered interface  0.30  0.02  
Gain of allosteric site 
Altered metal binding 

 0.29 
0.26 

 0.03 
0.03 

 

 
 
     
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure (1): 3 D structure of canine cytochrome b5 reductase 

   
PANTHER HMM: NADH- CYTOCHROME B5 REDUCTASE (PTHR19370) 

Table (2): Analysis of effects of single nucleotide polymorphism using PANTHER software/ Version 15.0 (2020) 

            Substitution                   preservation time Message 
                 I194L                                673 probably damaging 

 
PSEP (position-specific evolutionary preservation) measures the length of time (in millions of years) a position in current 
protein has been preserved by tracing back to its reconstructed direct ancestors. The longer a position has been preserved, 
the more likely that it will have a deleterious effect. The thresholds we chose were: "probably damaging" (time > 450my, 
corresponding to a false positive rate of ~0.2 as tested on HumVar), "possibly damaging" (450my > time > 200my, 
corresponding to a false positive rate of ~0.4) and "probably ben ign" (time < 200my). 
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