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Abstract 

This research was conducted on three strains of Nigerian Indigenous (gallus gallus domesticus) and Noiler (exotic) chickens. It 

examined the physicochemical and structural validation of Myxovirus resistance 1 (Mx1) protein on the three strains of Nigerian 

indigenous (naked neck, frizzle feather, normal feather) and noiler (exotic) chickens and also the prediction of the 

Physicochemical Analysis of protein. Nucleotide sequence were retrieved from National Center for Bio-Technology Information 

(NCBI) database and subjected to multiple sequence alignment, prediction of the physicochemical analysis of protein was done 

in the ProtParam web server. Modeling of 3D structural validation, Swiss modeling and Statistical analysis were all carried out. 

Software was used to align the sequences to find any Single Nucleotide Polymorphism (SNPS). The result of physicochemical 

analysis showed that the properties of the Mx1 protein fell within accepted threshold and predicted that the proteins were 

generally related. To validate the structure obtained from modeling, the obtained PDB files were ran on the Pro-check validation 

server and obtained Errat and Ramachandran plots. The study elucidates the unique features and potential functional implications 

of Mx1 protein across different strains of Nigerian indigenous and exotic chickens. This knowledge can inform the development 

of strategies to improve disease resistance in local chicken populations through selective breeding or genetic manipulation. 

Comparing the Mx1 protein among different strains of Nigerian indigenous chickens can reveal evolutionary adaptations and 

provide valuable information for understanding the molecular basis of immune defense mechanisms in poultry. Understanding 

the physicochemical properties and structural dynamics of Mx1 protein contributes to the broader understanding of innate 

immune responses in indigenous chicken breeds, offering insights into their disease resistance and adaptation mechanisms. 
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1. Introduction 

More than 6,300 varieties of livestock from 30 domesti-

cated animals have evolved over the past 12,000 years as a 

result of domestication and selection [12]. These livestock 

populations have developed particular adaptations to their 
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agro-ecological surroundings and agricultural production 

systems [24]. The effective breeding improvement initiatives 

of the industrialized nations in the 19th and 20th centuries 

were made possible by their genetic variety. 

Characterization of a specific population of domestic ani-

mals is necessary for its sustainable management, use, and 

conservation [6]. Characterization in the context of genetics is 

the process of identifying variation brought on by variations 

in DNA sequences, particular genes, or modifying factors [5]. 

Mx proteins are dynamin-related GTPases that are neces-

sary for interferon types I and III to mediate the innate im-

mune response against many viruses [11, 4]. They hinder the 

capacity of many RNA and DNA viruses to replicate by 

preventing the first stages of their life cycle. The two MX 

gene (MX1 and MX2) present in the human genome encodes 

the two proteins MxA and MxB, commonly referred to as 

Mx1 and Mx2. Mostly negative-stranded RNA viruses, but 

also some positive-stranded RNA and DNA viruses are sup-

pressed by the MxA protein [30, 36]. Gaining knowledge of 

these proteins physicochemical characteristics can help one 

understand its stability, structural, functional relationship and 

possible uses. 

2. Materials and Methods 

2.1. Experimental Animal 

The Nigerian indigenous chicken (normal feather, Frizzled 

feather, and naked neck) and noiler exotic chicken was used in 

this experiment. The chickens were purchased in Yenagoa 

metropolis. 

2.2. Nucleotide Sequence Retrieval 

Nucleotide sequences were retrieved from the NCBI data-

base (https://www.ncbi.nlm.nih.gov) and were translated to 

amino acid sequences on the EMBOSS web server 

(https://www.ebi.ac.uk/jdispatcher/st/emboss_transeq). 

2.3. Prediction of the Physicochemical Analysis 

of Protein 

To investigate the physicochemical properties of the se-

quences being understudied, the sequences were individually 

analyzed on the ProtParam web server on Expasy 

(web.expasy.org/protparam/) and results which include mo-

lecular weight, theoretical pI, instability index and others 

were obtained, this analysis reveals the structural and func-

tional properties of the protein encoded by the primary se-

quences. 

2.4. Modeling of 3D Structure 

The translated sequences were also used to model the pos-

sible tertiary structure of the proteins they encode for, this was 

done on the Swiss model server 

(www.swissmodel.expasy.org). Predicting the tertiary struc-

ture provides a model that can be used to understand the 

functionality of a protein such as revealing the possible active 

sites and binding domains as 3D models of proteins are pre-

dicted and modeled from structures of native proteins with 

similar amino acid sequences. 

2.5. 3D Structure Validation 

To validate the predicted 3D structures of the protein 

models, the PDB files of the protein structures were uploaded 

into the PROCHEK protein structure validation tool. 

PROCHEK statistically predict errors in the experimental and 

theoretical protein structure and present them in graphs which 

include ERRAT graph and RAMACHANDRAN PLOT. 

ERRAT shows regions in the sequences where the errors 

occur, this are regions within the sequences that do not con-

form with native protein structures while the RAMA-

CHANDRAN plots reveals various information such as res-

idues located in the favoured and unflavored regions. With 

PROCHECK one can draw a conclusion for the conformity of 

a theoretical protein structure to a known protein structure. 

2.6. Swiss Modeling 

Swiss model is an automated protein structure homolo-

gy-modeling server developed by the Swiss institute of bio-

informatics. It allows users to generate accurate 

three-dimensional models of proteins based on their amino 

acid sequence and know structures of related proteins. [32]. 

Swiss model has a wide range of applications in structural 

biology, including protein structure prediction, functional 

annotationand drug discovery and understanding the molec-

ular mechanism of disease. [25]. 

2.7. Statistical Analysis 

Results were analyzed using the ProtParam web server on 

Expasy (web.expasy.org/protparam/), the Swiss model server 

(www.swissmodel.expasy.org) and with the use of 

PROCHEK protein structure validation tool. PROCHEK 

statistically predict errors in the experimental and theoretical 

protein structure and present them in graphs which include 

ERRAT graph and RAMACHANDRAN PLOT. 

3. Results and Discussion 

Physicochemical Analysis results for Frizzle feather Nige-

rian Indigenous chicken associated with Mx1 protein 

This result shows the biochemical properties, structural 

characteristics comprising of the molecular weight, isoelectric 

point (pI), secondary structure, structural stability, hydro-

phobicity, Amino acid composition, protein-protein interac-

tions and potential functions of the mx1 protein in the frizzle 
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feather gene, and the comparison that exist between gene A 

and gene B. 

Physicochemical Analysis results for Naked neck Nigerian 

Indigenous chicken associated with Mx1 protein 

This provides insights into its properties. The result of this 

analysis comprises of the molecular weight, isoelectric point 

(pI), secondary structure, structural stability, hydrophobicity, 

Amino acid composition, protein-protein interactions and 

potential functions of the mx1 protein that exist in gene A, B, 

C, D, E and F of the naked neck chicken. 

Physicochemical Analysis results for Normal feather Ni-

gerian Indigenous chicken associated with Mx1 protein 

The result of this analysis shows in details the molecular 

weight, isoelectric point (pI), secondary structure, structural 

stability, hydrophobicity, Amino acid composition, pro-

tein-protein interactions and potential functions of the mx1 

protein that exist in gene A, B, C, D, E and F of the Normal 

feathered chicken. 

Physicochemical Analysis results for Noiler Exotic chicken 

associated with Mx1 protein 

These Physicochemical Analysis results collectively con-

tributes to understanding the molecular weight, isoelectric 

point (pI), secondary structure, structural stability, hydro-

phobicity, Amino acid composition, protein-protein interac-

tions and potential functions of the mx1 protein that exist in 

gene A, B, C, of the Noiler exotic chicken. 

Physicochemical Analysis results for Frizzle feather Nige-

rian Indigenous chicken associated with Mx1 protein 

The physicochemical analysis of Mx1 proteins from Frizzle 

feather Nigerian Indigenous chickens demonstrates both 

consistency and slight variations across the different isolates. 

Both Mx1 proteins analyzed (FF GALLUS GALLUS (Mx1) 

gene (A) and FR1 FF (Mx1) gene (B)) have 73 amino acids. 

The molecular weights are very close: FF GALLUS GALLUS 

(Mx1) gene (A) is 7965.62 Da and FR1 FF (Mx1) gene (B) is 

7993.67. The average molecular weight is approximately 

7979.65. The theoretical isoelectric point (pI) values are 

identical, at 9.54 for both proteins, indicating that these pro-

teins are basic. For both sequences, which start with Histidine 

(His), the estimated half-life is 3.5 hours in mammalian re-

ticulocytes in vitro, 10 minutes in yeast in vivo, and over 10 

hours in E. coli in vivo. In contrast, a study by [3] analyzed 

Mx1 proteins from different breeds of chickens and found that 

the molecular weights ranged from 75-80 kDa, which is 

higher than the values reported in the write-up. However, the 

study by [3] also found that the proteins were basic, with pI 

values ranging from 9.2-9.8, which is consistent with the 

research. Another study by [34] analyzed Mx1 proteins from 

ducks and found that the proteins had similar molecular 

weights and pI values to the write-up. However, [34] reported 

that the estimated half-life of the proteins was longer, ranging 

from 4-6 hours in mammalian reticulocytes in vitro, which is 

in contrast to the research. The instability index indicates 

stability for both proteins, with values of 28.28 for FF 

GALLUS GALLUS (Mx1) gene (A) and 28.02 for FR1 FF 

(Mx1) gene (B). The average instability index is approxi-

mately 28.15. The aliphatic index, which reflects protein 

thermostability, shows slight variation. FF GALLUS GAL-

LUS (Mx1) gene (A) has an aliphatic index of 75.89, while 

FR1 FF (Mx1) gene (B) has an index of 78.49. The average 

aliphatic index is approximately 77.19. The Grand Average of 

Hydropathicity (GRAVY) values, which indicate protein 

hydrophobicity, are similar: FF GALLUS GALLUS (Mx1) 

gene (A) has a GRAVY of 0.274 and FR1 FF (Mx1) gene (B) 

has a GRAVY of 0.297. The average GRAVY is approxi-

mately 0.286 and the results is in agreement with findings 

made by [35] analyzing the stability of proteins using the 

instability index and found similar values for stability. 

However, in their study, the aliphatic index showed more 

significant variations between different proteins compared to 

the slight variation observed in the current study. This sug-

gests that different proteins may have varying levels of 

thermostability. Additionally, in a study by [1] who investi-

gated the hydrophobicity of proteins using the GRAVY val-

ues and found that the values could vary significantly between 

different proteins. In contrast, the current study shows similar 

GRAVY values for both proteins, indicating similar levels of 

hydrophobicity. The physicochemical properties of the Mx1 

proteins from Frizzle feather Nigerian Indigenous chickens 

are highly consistent, reflecting the conserved nature of the 

Mx1 gene, which is essential for antiviral defense mecha-

nisms as stated by [20]. The slight variations observed can be 

attributed to minor genetic differences or polymorphisms in 

the promoter region of the gene which was observed by [16]. 

These variations, however, do not significantly impact the 

overall stability and function of the protein. The high level of 

consistency in molecular weight, theoretical pI, and estimated 

half-life indicates that the Mx1 gene is well-conserved among 

these chicken isolates. This conservation is crucial for main-

taining the protein’s functionality in antiviral defense which 

was also reported by [10] and it is in agreement with the 

present study. The minor differences in the instability index 

and aliphatic index suggest subtle variations in protein sta-

bility and thermostability, which might result from natural 

genetic diversity within the population. These variations 

could potentially offer slight advantages in different envi-

ronmental conditions or stress responses as reported by [9, 14]. 

The consistently high pI values suggest that the Mx1 proteins 

are basic, which could influence their interaction with other 

molecules and their overall stability in different pH envi-

ronments. The stability indicated by the instability index 

values classifies both proteins as stable. This stability is es-

sential for the protein's role in the cellular antiviral responses 

indicated by [17]. 

Physicochemical Analysis results for Naked neck Nigerian 

Indigenous chicken associated with Mx1 protein 

The physicochemical analysis of the Mx1 protein gene 

from different isolates of Naked neck Nigerian Indigenous 

chickens provides insights into their potential functional 

properties and stability. Here are the key points from the 
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analysis: Except for NK5, all Mx1 proteins from isolates 

(NK1 to NK4 and NK6) consist of 73 amino acids with a 

molecular weight of 7979.65 Da. NK5 has a slightly different 

composition with 72 amino acids and a molecular weight of 

7805.34. The theoretical isoelectric point (pI) for most iso-

lates (NK1 to NK4 and NK6) is 9.54, indicating they are basic 

proteins. NK5 has a slightly lower pI of 8.79, but it is still on 

the basic side. In agreement to the result of the current study, a 

research by [35] on the Mx1 gene in ducks also identified 

variations in amino acid composition and molecular weight 

among different isolates, reflecting genetic diversity within 

avian populations. Similarly, the observation of basic pi val-

ues in the majority of Mx1 proteins from Naked Neck Nige-

rian Indigenous chicken resonates with studies by [28] on 

avian Mx1 proteins, highlighting their predominant basic 

nature across diverse avian species. For the sequences starting 

with Histidine (His), the estimated half-life is 3.5 hours in 

mammalian reticulocytes in vitro, 10 minutes in yeast in vivo, 

and over 10 hours in E. coli in vivo. In agreement to the 

statement above, the physicochemical analysis of the amino 

acid composition, molecular weight, and isoelectric point (pI) 

of the Mx1 proteins from the isolates (NK1 to NK6) is crucial 

for understanding their characteristics. The differences in 

amino acid composition and pI values among the isolates, 

particularly NK5, indicate potential variations in functional 

properties. Additionally, the estimated half-life of the Mx1 

proteins starting with Histidine (His) in different cellular 

environments provides valuable information on their stability 

and potential interactions as stated by [22]. NK5, starting with 

Serine (Ser), shows a different half-life: 1.9 hours in mam-

malian reticulocytes, over 20 hours in yeast, and more than 10 

hours in E. coli. The instability index for NK1 to NK4 and 

NK6 is 26.85, classifying them as stable proteins. NK3 has a 

slightly higher instability index of 28.28, but it is still con-

sidered stable.NK5 is the most stable with an instability index 

of 19.20. NK1, NK2, NK4, and NK6 have an aliphatic index 

of 77.12, suggesting moderate thermostability. NK3 has a 

slightly lower aliphatic index of 74.52. NK5 has an aliphatic 

index of 76.94. Grand Average of Hydropathicity (GRAVY) 

values for NK1, NK2, NK4, and NK6 are 0.303, indicating 

they are mildly hydrophobic. NK3 has a slightly lower 

GRAVY value of 0.270. NK5 has a higher GRAVY value of 

0.400, indicating it is more hydrophobic. NK5 stands out due 

to its slightly lower molecular weight, different starting amino 

acid (Ser), lower pI, and shorter half-life in mammalian cells, 

and higher GRAVY value. These differences might influence 

its interaction with other proteins and its functional properties 

under different physiological conditions, [26, 21] supports the 

information that NK5 has a different half-life compared to 

other NK proteins in E. coli, indicating that protein half-lives 

can vary widely depending on the specific protein. [2], sup-

ports the assessment of stability for the NK proteins based on 

their instability indices as it discusses the use of instability 

index to predict protein stability changes due to mutations. In 

a study made by [14] which introduces the concept of ali-

phatic index as a measure of protein stability, which aligns 

with the discussion of aliphatic index in this study for the NK 

proteins. The stability indices suggest that all the Mx1 pro-

teins are stable, with NK5 being the most stable. This stability 

is crucial for the protein's function in antiviral defense, as 

Mx1 is known for its role in resistance to myxoviruses. The 

consistency in physicochemical properties across most iso-

lates can be attributed to the conserved nature of the Mx1 gene 

among these chickens, which plays a crucial role in their 

antiviral defense mechanism. The slight variations observed, 

particularly in NK5, could be due to minor genetic mutations 

or variations in the promoter region that do not significantly 

affect the overall stability and function of the protein but may 

slightly alter its interaction dynamics and stability in different 

environments. 

Physicochemical Analysis results for Normal feather Ni-

gerian Indigenous chicken associated with Mx1 protein 

The physicochemical analysis of the Mx1 protein gene 

from different isolates of Normal feather Nigerian Indigenous 

chickens reveals consistent properties across the isolates, with 

minor variations. Most Mx1 proteins (NM1, NM3 to NM6) 

consist of 73 amino acids, with an average molecular weight 

of approximately 7979.65. NM2 has a slight deviation with 72 

amino acids and a molecular weight of 7805.34. The average 

theoretical isoelectric point (pI) for most isolates (NM1, NM3 

to NM6) is 9.54, indicating basic proteins. NM1 has a pI of 

8.97, and NM2 has a pI of 8.79, slightly lowering the overall 

average but still indicating basic proteins. For sequences 

starting with Histidine (His), the estimated half-life averages 

3.5 hours in mammalian reticulocytes in vitro, 10 minutes in 

yeast in vivo, and over 10 hours in E. coli in vivo. 

This result resonates with studies by [18] on Mx1 gene 

variations in indigenous chicken populations, which also 

reported minor variations in amino acid composition and 

molecular weight across different isolates. Additionally, the 

observation of predominantly basic PI values aligns with 

research by [31] on avian Mx1 proteins, suggesting a common 

trend in the physicochemical properties of Mx1 proteins 

across avian species. Moreover, the provided information 

about the estimated half-life of Mx1 proteins starting with 

Histidine in various cellular environments correlates with the 

findings of [3] regarding the differential stability of Mx1 

proteins in different cellular contexts. NM1, starting with 

Tyrosine (Tyr), has a different half-life: 2.8 hours in mam-

malian reticulocytes, 10 minutes in yeast, and 2 minutes in E. 

coli. NM2, starting with Serine (Ser), shows different half-life 

values: 1.9 hours in mammalian reticulocytes, over 20 hours 

in yeast, and more than 10 hours in E. coli. The average in-

stability index for NM1, NM3 to NM6 is around 26.85, clas-

sifying them as stable proteins. NM2 is more stable with an 

instability index of 19.20, while NM3 has a slightly higher 

instability index of 28.02. The average aliphatic index for 

NM1 to NM6 is around 77.12, suggesting moderate thermo-

stability. NM3 has a slightly higher aliphatic index of 78.49, 

and NM1 has an even higher aliphatic index of 79.86, indi-
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cating they are more thermostable. The results of the physi-

cochemical analysis of the Mx1 protein gene from different 

isolates of Normal feather Nigerian Indigenous chickens 

presented in this study are consistent with the result of [18] on 

the physicochemical properties of Mx1 proteins in chickens 

also reported similar molecular weights and amino acid 

compositions across different isolates. Additionally, [19] 

found that Mx1 proteins in chickens generally have basic 

isoelectric points and exhibit stable properties, which aligns 

with the findings of the current study. However, there are also 

some discrepancies in the results, a study by [31] on Mx1 

proteins in chickens reported slightly different half-life values 

and instability indices compared to the current study. [31], 

found that Mx1 proteins in chickens have shorter half-lives in 

mammalian reticulocytes and higher instability indices, which 

contrasts with the results of the current study. The Grand 

Average of Hydropathicity (GRAVY) values for NM1, NM3 

to NM6 is 0.303, indicating mild hydrophobicity. NM1 has a 

higher GRAVY value of 0.397, and NM2 has a value of 0.400, 

indicating they are more hydrophobic. NM1 stands out due to 

its unique starting amino acid (Tyr), higher aliphatic index, 

and higher GRAVY value. These differences might influence 

its interaction with other proteins and its functional properties 

under different physiological conditions. NM2 also shows 

distinct characteristics with a different starting amino acid 

(Ser), higher GRAVY value, and greater stability, which 

could impact its stability and interaction dynamics. The con-

sistency in physicochemical properties across most isolates 

can be attributed to the conserved nature of the Mx1 gene 

among these chickens, which plays a crucial role in their 

antiviral defense mechanism. The slight variations observed, 

particularly in NM1 and NM2, could be due to minor genetic 

mutations or variations in the promoter region. These differ-

ences do not significantly affect the overall stability and 

function of the protein but may slightly alter its interaction 

dynamics and stability in different environments. The 

write-up provides information on the GRAVY values and 

physicochemical properties of different isolates of the Mx1 

gene in chickens. It suggests that NM1 and NM2 have distinct 

characteristics that could impact their interaction dynamics 

and stability. The slight variations in these isolates are at-

tributed to minor genetic mutations or variations in the pro-

moter region, which may slightly alter their functional prop-

erties. In support of the outcome of this study [27] analyzed 

the amino acid sequence of the Mx1 gene in chickens and 

found conserved regions that play a crucial role in antiviral 

defense mechanisms. They also observed slight variations in 

some isolates, which they attributed to genetic mutations. This 

is in agreement with the study which suggests that minor 

genetic mutations could lead to variations in the isolates. 

Additionally, a study by [8] investigated the role of the Mx1 

gene in chickens' immune response to viral infections. They 

found that variations in the gene sequence could affect the 

protein's interaction with other proteins and its functional 

properties. This supports the research statement that differ-

ences in the isolates could influence their interaction dynam-

ics and stability. 

Physicochemical Analysis results for Noiler Exotic chicken 

associated with Mx1 protein 

The physicochemical analysis of Mx1 proteins from Noiler 

exotic chickens demonstrates both consistency and minor 

variations across different isolates. Here is a detailed discus-

sion of the results, including the reasons behind the observed 

trends. All Mx1 proteins analyzed (NO1, NO2, NO3) have 73 

amino acids. The molecular weight ranges slightly: NO2 is 

7900.58 Da, NO1 is 7940.62 Da, and NO3 is 7979.65 Da. The 

average molecular weight is approximately 7940.95 Da. The 

theoretical pI values are consistently high, indicating that 

these proteins are basic. NO1 and NO2 have a pI of 9.36, 

while NO3 has a slightly higher pI of 9.54. For sequences 

starting with Histidine (His), as seen in NO1 and NO3, the 

estimated half-life averages 3.5 hours in mammalian reticu-

locytes in vitro, 10 minutes in yeast in vivo, and over 10 hours 

in E. coli in vivo. NO2, which starts with Serine (Ser), has 

different half-life values: 1.9 hours in mammalian reticulo-

cytes, over 20 hours in yeast, and more than 10 hours in E. coli. 

The instability index indicates stability for all proteins, with 

values ranging from 26.85 (NO3) to 30.65 (NO2). The aver-

age instability index is approximately 28.46. The aliphatic 

index, indicating protein thermostability, shows some varia-

tion. NO1 has an aliphatic index of 75.89, NO2 has a higher 

index of 85.21, and NO3 has an index of 77.12. The average 

aliphatic index is approximately 79.41. The uniformity in 

amino acids length and basic nature of Mx1 proteins in Noiler 

exotic chickens resonates with studies by [33] on Mx1 protein 

properties in poultry species. Additionally, the observed dis-

parities in half-life values among different sequence initiators 

align with research by [20] on the influence of N-terminal 

residues on protein stability. The Grand Average of Hydro-

pathicity (GRAVY) values, which reflect protein hydropho-

bicity, also vary. NO1 has a GRAVY of 0.362, NO2 has a 

higher GRAVY of 0.437, and NO3 has a GRAVY of 0.303. 

The average GRAVY is approximately 0.367. NO2 stands out 

due to its distinct starting amino acid (Ser), higher aliphatic 

index, and higher GRAVY value. These differences might 

influence its stability and interaction with other proteins in 

varying physiological conditions. NO2’s unique half-life 

values in different organisms suggest that it might be more 

stable in yeast and bacterial environments compared to 

mammalian cells. The information provided in the statement 

is in agreement with [15], which discusses the variation in 

GRAVY values among different proteins and how it can 

influence their stability and interactions with other proteins. 

Additionally, they also mention the importance of GRAVY 

values in predicting the stability of proteins in different 

physiological conditions, which aligns with the statement 

about NO2's stability in different organisms. The consistency 

in physicochemical properties across the Noiler Mx1 proteins 

can be attributed to the conserved nature of the Mx1 gene, 

crucial for antiviral defense mechanisms. The slight variations 
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observed, particularly in NO2, may be due to minor genetic 

mutations or differences in the promoter region. These varia-

tions do not significantly impact the overall stability and 

function of the protein but may slightly alter its stability, 

interaction dynamics, and functional properties under differ-

ent environmental conditions [23]. 

1. Physicochemical Analysis results for Frizzle feather 

Nigerian Indigenous chicken associated with Mx1 pro-

tein1 

This result shows the biochemical properties, structural 

characteristics comprising of the molecular weight, isoelectric 

point (pI), secondary structure, structural stability, hydro-

phobicity, Amino acid composition, protein-protein interac-

tions and potential functions of the mx1 protein in the frizzle 

feather gene, and the comparison that exist between gene A 

and gene B. 

2. Physicochemical Analysis results for Naked neck Nige-

rian Indigenous chicken associated with Mx1 protein 

This provides insights into its properties. The result of this 

analysis comprises of the molecular weight, isoelectric point 

(pI), secondary structure, structural stability, hydrophobicity, 

Amino acid composition, protein-protein interactions and 

potential functions of the mx1 protein that exist in gene A,B,C, 

D, E and F of the naked neck chicken 

3. Physicochemical Analysis results for Normal feather 

Nigerian Indigenous chicken associated with Mx1 pro-

tein 

The result of this analysis shows in details the molecular 

weight, isoelectric point (pI), secondary structure, structural 

stability, hydrophobicity, Amino acid composition, pro-

tein-protein interactions and potential functions of the mx1 

protein that exist in gene A, B, C, D, E and F of the Normal 

feathered chicken.  

4. Physicochemical Analysis results for Noiler Exotic 

chicken associated with Mx1 protein 

These Physicochemical Analysis results collectively con-

tributes to understanding the molecular weight, isoelectric 

point (pI), secondary structure, structural stability, hydro-

phobicity, Amino acid composition, protein-protein interac-

tions and potential functions of the mx1 protein that exist in 

gene A, B, C, of the Noiler exotic chicken. 

5. Structures as Modeled on Swiss Model 

This shows both the similarities and structural differences 

in the protein structure that exist between the Nigerian in-

digenous (frizzle feather, naked neck, normal feather) and 

noiler exotic chicken that was used in this experiment. 

6. Validation of Protein Structure ERRAT and Ramachan-

dran Plot 

Errat plot shows regions within a sequence that is faulty or 

which fails to conform to native protein. The errat obtained 

revealed the faulty regions in the modeled Mx1 proteins, errat 

revealed the segments that are faulty. Ramachandran plot 

revealed that most of the Mx1 protein have over 85% of the 

protein residues are within favoured regions with a G-factor 

of -0.32, this indicate a good protein well within native protein 

structure 

1. Physicochemical Analysis results for Frizzle feather 

Nigerian Indigenous chicken associated with Mx1 pro-

tein. 

FF GALLUS GALLUS (Mx1) gene (A) 

>OP068329.1 Gallus gallus isolate Fr2 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCATTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGCATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids: 73 

Molecular weight: 7965.62 

Theoretical pI: 9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 28.28 

This classifies the protein as stable. 

Aliphatic index: 75.89 

Grand average of hydropathicity (GRAVY):0.274 

FR1 FF (Mx1) gene (B) 

>OP068315.1 Gallus gallus isolate Fr1 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAACTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCCCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7993.67 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 28.02 

This classifies the protein as stable. 

Aliphatic index:78.49 

Grand average of hydropathicity (GRAVY):0.297 

2. Physicochemical Analysis results for Naked neck Nige-
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rian Indigenous chicken associated with Mx1 protein. 

NK1 (Mx1) gene (A) 

>OP068320.1 Gallus gallus isolate Nk1 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCCCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7979.65 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 26.85 

This classifies the protein as stable. 

Aliphatic index:77.12 

Grand average of hydropathicity (GRAVY):0.303 

NK2 (Mx1) gene (B) 

>OP068321.1 Gallus gallus isolate Nk2 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7979.65 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 26.85 

This classifies the protein as stable. 

Aliphatic index:77.12 

Grand average of hydropathicity (GRAVY):0.303 

NK3 (Mx1) gene (C) 

>OP068322.1 Gallus gallus isolate Nk3 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGCATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7951.59 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 28.28 

This classifies the protein as stable. 

Aliphatic index:74.52 

Grand average of hydropathicity (GRAVY):0.270 

NK4 (Mx1) gene (D) 

>OP068323.1 Gallus gallus isolate Nk4 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7979.65 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 26.85 

This classifies the protein as stable. 

Aliphatic index:77.12 

Grand average of hydropathicity (GRAVY):0.303 

NK5 (Mx1) gene (E) 

>OP068324.1 Gallus gallus isolate Nk5 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGCATA-
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GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCCCCTTGCTGTG 

Number of amino acids:72 

Molecular weight:7805.34 

Theoretical pI:8.79 

Estimated half-life: 

The N-terminal of the sequence considered is S (Ser). 

The estimated half-life is: 1.9 hours (mammalian reticulo-

cytes, in vitro). 

>20 hours (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 19.20 

This classifies the protein as stable. 

Aliphatic index:76.94 

Grand average of hydropathicity (GRAVY):0.400 

NK6 (Mx1) gene (F) 

>OP068325.1 Gallus gallus isolate Nk6 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7979.65 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 26.85 

This classifies the protein as stable. 

Aliphatic index:77.12 

Grand average of hydropathicity (GRAVY):0.303 

3. Physicochemical Analysis results for Normal feather 

Nigerian Indigenous chicken associated with Mx1 pro-

tein. 

NM1 NF (Mx1) gene (A) 

>OP068311.1 Gallus gallus isolate Nm1 myxovirus re-

sistance protein (Mx1) gene, promoter region 

TACGTGCACAAGGAGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACAGGGTTCTGCAAAGAACTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGCATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCCCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7915.55 

Theoretical pI:8.97 

Estimated half-life: 

The N-terminal of the sequence considered is Y (Tyr). 

The estimated half-life is: 2.8 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

2min (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 24.84 

This classifies the protein as stable. 

Aliphatic index:79.86 

Grand average of hydropathicity (GRAVY):0.397 

NM2 NF (Mx1) gene (B) 

>OP068313.1 Gallus gallus isolate Nm2 myxovirus re-

sistance protein (Mx1) gene, promoter region 

TCTCTGACAAGGACTCCAG-

TTACATATTGAAGTGATTTTGTTACAGACTTCTG-

CAATTTCCTGGGACGAAAATT-

GGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:72 

Molecular weight:7805.34 

Theoretical pI:8.79 

Estimated half-life: 

The N-terminal of the sequence considered is S (Ser). 

The estimated half-life is: 1.9 hours (mammalian reticulo-

cytes, in vitro). 

>20 hours (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 19.20 

This classifies the protein as stable. 

Aliphatic index:76.94 

Grand average of hydropathicity (GRAVY)0.400 

NM3 NF (Mx1) gene (C) 

>OP068316.1 Gallus gallus isolate Nm3 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAACTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7993.67 

Theoretical pI:9.54 

Estimated half-life: 
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The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 28.02 

This classifies the protein as stable. 

Aliphatic index:78.49 

Grand average of hydropathicity (GRAVY):0.297 

NM4 NF (Mx1) gene (D) 

>OP068317.1 Gallus gallus isolate Nm4 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7979.65 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 26.85 

This classifies the protein as stable. 

Aliphatic index:77.12 

Grand average of hydropathicity (GRAVY):0.303 

NM5 NF (Mx1) gene (E) 

>OP068318.1 Gallus gallus isolate Nm5 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7979.65 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 26.85 

This classifies the protein as stable. 

Aliphatic index:77.12 

Grand average of hydropathicity (GRAVY):0.303 

NM6 NF (Mx1) gene (F) 

>OP068319.1 Gallus gallus isolate Nm6 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7979.65 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 26.85 

This classifies the protein as stable. 

Aliphatic index:77.12 

Grand average of hydropathicity (GRAVY):0.303 

4. Physicochemical Analysis results for Noiler Exotic 

chicken associated with Mx1 protein. 

NO1 NOILER (Mx1) gene (A) 

>OP068312.1 Gallus gallus isolate No1 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACATGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCATTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGCATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCCCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7940.62 

Theoretical pI:9.36 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 27.89 

This classifies the protein as stable. 
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Aliphatic index:75.89 

Grand average of hydropathicity (GRAVY):0.362 

NO2 NOILER (Mx1) gene (B) 

>OP068314.1 Gallus gallus isolate No2 myxovirus re-

sistance protein (Mx1) gene, promoter region 

TCTCTGTCACGGAGGCTAGTAGTGCATTGGAG-

TGGTTTTGTTACAGGGTTCTGCAAAGAACTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCCCCTTGCTGTG 

Number of amino acids: 73 

Molecular weight:7900.58 

Theoretical pI:9.36 

Estimated half-life: 

The N-terminal of the sequence considered is S (Ser). 

The estimated half-life is: 1.9 hours (mammalian reticulo-

cytes, in vitro). 

>20 hours (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 30.65 

This classifies the protein as stable. 

Aliphatic index:85.21 

Grand average of hydropathicity (GRAVY):0.437 

NO3 NOILER (Mx1) gene (C) 

>OP068326.1 Gallus gallus isolate No3 myxovirus re-

sistance protein (Mx1) gene, promoter region 

CACAGGACAAGGAGGGTAGTAGTGCATTGGAG-

TGGTTTTGTTACTGGGTTCTGCAAAGAAGTGG-

GACGAAAATTGGCTAATGGATGAGGAATTTGAG-

TGAAACACACATCAGGATACTGTTTTCAA-

TAATGAAAGCATTTTAGTTTCGTTTCTCCTT-

GTTTATGTCATGTAGGTGGAGTCTGTGTATA-

GAAAAGCATTCAGAGCGGCTGAATGTAGTTAATT-

GTTTCTCCTTGCTGTG 

Number of amino acids:73 

Molecular weight:7979.65 

Theoretical pI:9.54 

Estimated half-life: 

The N-terminal of the sequence considered is H (His). 

The estimated half-life is: 3.5 hours (mammalian reticulo-

cytes, in vitro). 

10 min (yeast, in vivo). 

>10 hours (Escherichia coli, in vivo). 

Instability index: 

The instability index (II) is computed to be 26.85 

This classifies the protein as stable. 

Aliphatic index:77.12 

Grand average of hydropathicity (GRAVY):0.303 

Key: 

Number of amino acids:shows the count of amino acids that 

comprise the protein 

Molecular weight: molecular weight provides information 

on protein-protein interactions and also structural implica-

tions of the protein complex. 

Theoretical pI:the Theoretical Isoelectric point (pI) of a 

protein is the pH at which the net charge of a protein molecule 

is zero, proteins are +ve charged at a pH below their pI and –

ve charged at a pH above their pI. 

Estimated half-life: 

This gives the estimated half-life of the protein host cell 

Instability index (II): 

The instability index (II) gives an estimated value of a 

protein’s stability, protein with (II) lower than 40 are stable 

[7] 

Aliphatic index: The aliphatic index of a protein is the rel-

ative volume occupied by aliphatic side chains (alanine, va-

line, isoleucine and leucine). Higher value of aliphatic index 

indicate that the proteins are thermostable [13]. 

Grand average of hydropathicity (GRAVY):The GRAVY 

scores of a protein is a measure of its hydrophobicity or hy-

drophilicity. +ve GRAVY score indicate hydrophobicity 

while –ve GRAVY score indicate hydrophilicity [29]. 

Table 1.Showing number of amino acids, molecular weight theoretical Pi, estimated half-life, instability index, GRAVY and aliphatic index. 28. 

 No. A.A Mol weight pI Half-life II AI GRAVY 

NK5 72 7805.34 8.79 10min yeast/>10 hrs E.coli 19.20 76.94 0.400 

NM2 72 7805.34 8.79 20hrs yeast/>10 hrs E.coli 19.20 76.94 0.400 

FF Gallus 73 7965.62 9.54 10min yeast/>10 hrs E.coli 28.28 75.89 0.274 

FR1 FF 73 7993.67 9.54 10min yeast/>10 hrs E.coli 28.02 78.49 0.297 

NK1 73 7979.65 9.54 10min yeast/>10 hrs E.coli 26.85 77.12 0.303 

NK2 73 7979.65 9.54 10min yeast/>10 hrs E.coli 26.85 77.12 0.303 

NK3 73 7951.59 9.54 10min yeast/>10 hrs E.coli 28.28 74.52 0.270 

NK4 73 7979.65 9.54 10min yeast/>10 hrs E.coli 26.85 77.12 0.303 
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 No. A.A Mol weight pI Half-life II AI GRAVY 

NK6 73 7979.65 9.54 10min yeast/>10 hrs E.coli 26.85 77.12 0.303 

NM1 73 7915.55 8.97 10min yeast/2min E.coli 24.84 79.86 0.397 

NM3 73 7993.67 9.54 10min yeast/>10 hrs E.coli 28.02 78.49 0.297 

NM4 73 7979.65 9.54 10min yeast/>10 hrs E.coli 26.85 77.12 0.303 

NM5 73 7979.65 9.54 10min yeast/>10 hrs E.coli 26.85 77.12 0.303 

NM6 73 7979.65 9.54 10min yeast/>10 hrs E.coli 26.85 77.12 0.303 

NO1 73 7940.62 9.54 10min yeast/>10 hrs E.coli 27.89 75.89 0.362 

NO2 73 7900 9.36 10min yeast/>10 hrs E.coli 30.65 85.21 0.437 

NO3 73 7979.65 9.54 10min yeast/>10 hrs E.coli 26.85 77.12 0.303 

FF Zyxin 169 18055.75 5.06 2min yeast/>2 hrs E.coli 77.31 62.43 -0.50 

 
NO1 NOILER             NO2 NOILER                  NO3 NOILER 

 
FR1 FF                                  FR2 FF 

 
NM1                                     NM2 

  
NM3                       NM4                              NM5 
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NK1                       NK2                       NK3                       NK4 

 
NK5                                      NK6                                NK6 

Figure 1. Models of the protein strucutres. 

  
Figure 2.Validation of protein structure ERRAT and Ramachandran Plot. 

 
                                FF1                                            FF2 
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                              NO1                                             NO2 

Figure 3.ERRAT and Ramachandran Plot. 

Key: 

Number of amino acids: Shows the count of amino acids 

that comprise the protein 

Molecular weight: molecular weight provides information 

on protein-protein interactions and also structural implica-

tions of the protein complex. 

Theoretical pI: the Theoretical Isoelectric point (pI) of a 

protein is the pH at which the net charge of a protein molecule 

is zero, proteins are +ve charged at a pH below their pI and –

ve charged at a pH above their pI. 

Estimated half-life: 

This gives the estimated half-life of the protein host cell 

Instability index (II): 

The instability index (II) gives an estimated value of a 

protein’s stability, protein with (II) lower than 40 are stable 

[7]. 

Aliphatic index: The aliphatic index of a protein is the rel-

ative volume occupied by aliphatic side chains (alanine, va-

line, isoleucine and leucine). Higher value of aliphatic index 

indicate that the proteins are thermostable [13]. 

Grand average of hydropathicity (GRAVY):The GRAVY 

scores of a protein is a measure of its hydrophobicity or hy-

drophilicity. +ve GRAVY score indicate hydrophobicity 

while –ve GRAVY score indicate hydrophilicity [29]. 

4. Conclusion 

The physicochemical analysis of Mx1 proteins from Frizzle 

feather Nigerian Indigenous chickens reveals highly con-

sistent properties, with only minor variations that do not sig-

nificantly impact protein stability and function. These find-

ings highlight the conserved nature of the Mx1 gene, essential 
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for antiviral defense, while also pointing to the potential 

benefits of natural genetic diversity within the population. 

This information can be useful for breeding programs aimed 

at enhancing disease resistance and overall health in these 

chickens. The physicochemical analysis indicates that the 

Mx1 proteins from Naked neck Nigerian Indigenous chickens 

are generally stable and share similar properties, with NK5 

exhibiting some unique characteristics. These findings are 

significant for understanding the genetic basis of disease 

resistance and can inform breeding programs aimed at en-

hancing the health and productivity of these chickens. The 

minor variations, especially in NK5, highlight the potential 

for natural genetic diversity within the population, which can 

be beneficial for adaptive traits and resilience. The physico-

chemical analysis indicates that the Mx1 proteins from Nor-

mal feather Nigerian Indigenous chickens are generally stable 

and share similar properties, with NM1 and NM2 exhibiting 

some unique characteristics. These findings are significant for 

understanding the genetic basis of disease resistance and can 

inform breeding programs aimed at enhancing the health and 

productivity of these chickens. The minor variations, espe-

cially in NM1 and NM2, highlight the potential for natural 

genetic diversity within the population, which can be benefi-

cial for adaptive traits and resilience. The physicochemical 

analysis indicates that the Mx1 proteins from Noiler exotic 

chickens are generally stable and share similar properties, 

with NO2 exhibiting some unique characteristics. These 

findings are significant for understanding the genetic basis of 

disease resistance and can inform breeding programs aimed at 

enhancing the health and productivity of these chickens. The 

minor variations, especially in NO2, highlight the potential 

for natural genetic diversity within the population, which can 

be beneficial for adaptive traits and resilience. 
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