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Abstract— Applicability of immune defense proteins 

from non-mammalian species can be beneficial in 

devising novel disease management strategies to 

overcome the concerns of resistance to current 

antibiotic therapeutics. Understanding the proteins 

involved in antimicrobial defense against infections 

can also aid in developing new generation of 

antibiotics. Evolution of new emerging diseases and 

atypical host diseases, it is imperative that we have in 

depth understanding of the presence and evolution of 

different proteins involved in defense mechanisms. 

Here we report the identification and structural 

dynamics of Catalase enzyme in Emu, a member of the 

oldest class of order of living birds. 
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I. INTRODUCTION  

In the past few decades, emergence of many drug 

resistant strains of microorganisms has given rise to 

increasing outbreak of unmanageable diseases
1
 thus 

resulting in progressively difficult disease 

management practices.
2
Better understanding of the 

host immune defence mechanisms could potentially 

help us in finding novel therapeutic methods which 

would aid the prevalent disease management practices. 

Immune responses are inducible phenomena ensuing 

from a close association between environment, 

pathogen signal recognition systems and gene 

expression mechanism.
3-5

 After pathogen recognition, 

activation of several transduction pathways occurs 

which in turn leads to the activation of transcription 

factors that induce gene expression.
6,7

Considerable 

interest has been developed in elucidating avian 

immune response mechanisms, understanding the 

proteins involved in immune regulation and the 

resulting transcriptional regulation.
8-11

Apart from that 

it could also endow us with the rational foundation for 

developing strategies to control various diseases. 

Immune system genes are believed to be under keen 

selective pressures to cope with pathogenic attacks 

and therefore are subject to protein-level sequence 

changes. This theory is reinforced by studies 

suggesting that in chicken (Gallus gallus) immune 

defence genes are evolving under greater positive 

selection than other genes.
12

 

 

Emu (Dromaius novaehollandiae), a member of ratite 

family of flightless birds, is among the oldest Order of 

living birds, Palaeognathiformes.
13

 Their phylogenetic 

relationship like other members of this family (emu, 

kiwi, rhea, cassowary), can be linked to the flightless 

ancestors that are believed to have inhabited the 

Southern Hemisphere 80 to 90 million years ago.
14

 

They are native to Australia, but found widely 

dispersed across varying habitats types of the 

continent. Successful wild and captive breeding 

capacity of emus is attributed to its ability to tolerate 

wide range of temperature owing to effective 

thermoregulation, varied diet patterns and heightened 

immunity.
15,16

 Though morphological variation among 

emu is very less, very little data is available on their 

genetic variability. Phylogenetic relationships among 

ratite birds have been examined through mitochondrial 

sequence analysis in several studies.
17

 However emu 

genomic information is yet not publicly available as of 

now. 

Emergence and blossoming of emu industry 

in the 1980s, for the purpose of commercial 

production of meat, oil, and leather, has heightened 

the interest and importance in characterizing emu 

pedigrees.
13

 Today, emus are farmed worldwide 

including in India for their fat (emu oil) and meat.
18-19

 

Emu oils popularly claimed by marketers to possess 

anti-inflammatory and anti-oxidative effects.
20

 When 

we endeavor to introduce this species in a new habitat, 

care and precaution is required. Population size of 

Emus bred at each farm appears variable over time. 

Further the lack of proper information of the genetic 

variation in wild populations has limited the 

evaluation of expected variations in farmed stocks. 

More studies and data are a requisite, which is crucial 

in pedigree analysis, inbreeding assessment, and 

identifying markers for desirable heritable traits. This 

would hopefully aid in improving their genetic 

management. 
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Catalase gene (CAT1) codes for the antioxidant 

enzyme catalase that has a critical role in body's 

oxidative stress defense mechanism.
21

It is mostly 

restricted in peroxisomes and contains iron porphyrin 

enzyme having a key functional role in scavenging of 

reactive oxygen species (ROS). It removes 

unwarranted H2O2(hydrogen peroxide) during 

developmental process or biotic/abiotic stress thus 

avoiding oxidative damage and thus protecting the cell 

from toxic effects of hydrogen peroxide
22

.It is found 

in most of the aerobically respiring organisms and 

serves to protect cells from the toxic effects of 

hydrogen peroxide. It also plays a major role in 

promoting the growth of various types of cells. 

 

Understanding the gene and protein structural and 

sequence physiological parameters can help us in 

better understanding and comparing the oxidative 

stress mechanisms in organisms and human beings. 

The variations if present in Emu can also indicate and 

help us gain insights on the stress defense mechanisms 

a non-native organism goes through when introduced. 

 

2. MATERIALS AND METHODS 

 

2.1 Tissue Materials 
 

Tissue samples from adult male emu birds were 

collected from slaughterhouses. As per slaughterhouse 

records, the birds were sourced from emu farms of 

Nileshwar, Kerala, India. Tissues from multiple 

organs (liver, heart and lungs) were collected in tubes 

with RNAlater. 

 

2.2 RNA Extraction 

 

Total RNA of tissue samples were extracted using 

Trizol reagent according to the manufacturer’s 

protocol (Ambion®). The absorbance ratio at 260 nm, 

280 nm were used to assess the quality of the RNA 

and the 28 S and 18 S were visualized through 

electrophoresis. DNase I was used to remove DNA 

contamination. The first-strand cDNA synthesis was 

completed using Transcriptor first strand cDNA 

synthesis kit (Roche, Inc). 

 

2.3 Primer designing and Sequencing 

The primers used in the study were designed using the 

freely available online primer-designing tool Primer3 

(http://bioinfo.ut.ee/primer3/).
23 

The template 

sequence used for designing the primer was based on 

the available Catalase sequence of other avian species 

retrieved from NCBI database.. The designed primers 

were used to obtain PCR products using cDNA as the 

template DNA. 
 

2.4 Primary and Secondary Sequence Analysis of 

Catalase protein 
All in-silico analyses were carried out using tools 

available under the ExPASy server.
24

The DNA 

sequence was translated to protein sequence using the 

translate tool in ExPASy 

(http://web.expasy.org/translate/). The physico-

chemical parameters of the obtained sequence were 

analyzed using ProtParam 

tool(http://web.expasy.org/protparam/). The 

parameters considered for analysis include molecular 

weight, theoretical PI, amino acid composition, atomic 

composition, extinction coefficient, instability index, 

aliphatic index and grand average of hydropathicity 

(GRAVY). 

TMHMM(http://www.cbs.dtu.dk/services/TMHMM/) 

was used to predict the presence of transmembrane 

region of the protein.
25

 Secondary structure prediction 

was done via SOPMA server protein (https://npsa-

prabi.ibcp.fr/).
26

 

 

2.5 Prediction and validation of 3D structure  

 

The three dimensional structure was predicted and 

validated using Phyre
2
 (Protein Homology/analogy 

Recognition Engine V2.0).
27

 It is considered as a very 

reliable and user friendly interface used for protein 

modelling. The structure generated predicted by the 

Phyre
2
 server was retrieved in the PDB  

format and viewed using RASMOL visualization 

tool.
28

The secondary structural indicators like alpha 

helix, beta sheets, random coils and extended strands 

were analyzed using RasMol. Structure was validated 

through Ramachandran plot and stereo chemical 

analysis of the predicted structure was carried out via 

the PROCHECK software downloaded from the 

SAVES server (The Structure Analysis and 

Verification Server version 4).
29

 

 

3. RESULTS AND ANALYSIS 

3.1 Primary and secondary sequence analysis 

 

The BLAST result (Fig 1) showed maximum 

homology with the avian Catalase protein sequences 

available in NCBI database. 

 
 

Fig: 1. BLAST result for Catalase protein from 

Dromaius novaehollandiae against NCBI database 

 

FASTA sequence of the Catalase protein sequence 

was subjected to ProtParam analysis (Fig 2). The 

protein was found to have 527 amino acid residues 

with a molecular weight of 59648.0 (Table 1). The 
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theoretical PI was found to be 6.74. The number of 

positively and negatively charged residues in the 

sequence obtained was 62 and 64 respectively. 

Aliphatic index, defined as the relative volume 

occupied by aliphatic side chains that represents the 

thermal stability of globular protein was 66.96. Grand 

Average of Hydropathy (GRAVY) of the protein 

sequence was -0.591. 

 

 
Fig: 2. Open reading frame obtained through ORF 

finder 

 

Element Symbol Number of atoms 

Carbon C 2661 

Hydrogen H 4063 

Nitrogen N 743 

Oxygen O 790 

Sulfur S 17 

Total  8274 

Table 1: Elemental composition of catalase protein 

in Emu 

According to SOPMA secondary structure prediction 

tool there were 24.86 % alpha helix, 24.29% extended 

strands, 11.39 % beta turns and 39.47% random coils 

in Catalase (Fig 3). According to TMHMM server 

prediction, no transmembrane helices were found in 

this protein. SOPMA predicted secondary structure 

was further validated using another tool PSPIRED 

(Fig 4). 

 

Similar prediction results were obtained in both 

SOPMA and PSPIRED analysis, 

 

 
Fig: 3. Secondary structure of Catalase protein 

predicted by SOPMA 

 

 

 
Fig:4. The secondary structure of Catalase protein 

predicted by PSIPRED 

 

3.2 3D Structure generation and validation 

 

The predicted three dimensional structure of Catalase 

generated through Phyre
2
-webportal and visualized 

using RASMOL revealed that the predicted protein 

had 499 groups, 3996 atoms, 4109 bonds and 

301hydrogen bonds (Fig. 5). These are three 

dimensionally packed via19 helices, 57 turns and 20 

strands. 
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Fig:5. Catalase predicted structure in Rasmol viewer 

 

Structural analysis of the predicted protein using 

Ramachandran plot validated that 91.1% residues fell 

in the favoured region enabling protein functionality. 

The results of RM plot analysis and statistical 

probabilities are shown in Figure 6 and Table 2 

respectively. 

 
Fig:6. Ramachandran plot of predicted structure of 

Catalase protein 

 

Residue Position Feature Probability 

Residue in most favoured region  453 (91.1%) 

Residues in allowed regions 39 (7.8%) 

Residues in outlier regions  5 (1.0%) 

Table: 2. Ramachandran plot statistics for predicted 

Catalase protein in Emu 

 

 

 

4. CONCLUSION 

 

Catalase enzyme plays a major role in the oxidative 

stress defense mechanism. The oxidative stress 

mechanism of non-native organisms in a foreign 

organism can be different from its inherent mechanism. 

Understanding the major differences could potentially 

help us to regulate and negotiate the deleterious 

effects of oxidative stress induced cellular damage. In 

our study, the structure of catalase from Emu as 

predicted through the various in-silico tools was found 

to be highly stable and showed closed similarity with 

those of the predicted structures of Catalase enzyme 

found in other organisms. The primary and secondary 

structures predictions gave clear indications on the 

parameters including molecular weight, theoretical PI, 

amino acid composition, atomic composition, 

extinction coefficient, instability index, aliphatic index 

and grand average of hydropathicity (GRAVY). As 

expected and already known, the obtained sequence 

was not a transmembrane protein and contained no 

signal peptides. Thus we conclude from our study that 

by utilizing robust computational tools, we could 

further predict various other protein structures in Emu 

which can be utilized to help us understand the 

organism's bio-physiology and thus could also throw 

light into the evolutionary pattern of the proteins, and 

in general the ecological and evolutionary significance 

of this bird as this species belongs to the oldest order 

of living birds. 
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