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In this study, a detailed annotation of human defensin was performed and also found out the best interactors 
of defensin peptide from human using STRING database. The selected peptide showed best associations 
with its various isoforms such as neutrophil defensins, α-defensins and β-defensins. A phylogenetic tree was 
also reconstructed to analyse the evolutionary relationships of human defensin with its selected isoforms. 
The human neutrophil defensin including all neutrophil defensins appeared in a separate clade. But a 
great divergence has been observed in case of β-defensins because they all did not fall in a single clade and 
showing more distantly relationships with α-defensins and with each other as well. In future, this study 
will provide scientists an ease to explore novel associations of human defensins with its various isoforms 
and other homologs
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The vertebrates[1], invertebrates, plants[2], fungi[3-4] and 
microorganisms[5] tackle a lot of infectious agents. 
To circumvent these attacks all these organisms have 
special sorts of survival tricks as defensive mechanisms. 
These defensive mechanisms include formation of 
bioactive compounds, which certainly constrain growth 
of pathogens. Among these compounds, antimicrobial 
peptides (AMPs) have potential to destroy the 
cytoplasmic membrane of microbes and these can also 
bind with targets present inside the cytoplasm[6]. AMPs 
are natural bioactive compounds and part of innate 
immunity and these have action of mechanism quite 
different from antibiotics[7].

Defensins, as their name indicates have their role in 
defense mechanisms. They belong to antimicrobial 
peptide super family. Their presence in all mammals as 
well as in birds, fishes, insects, fungi and plants give 
evidence about their wide distribution and diversity 
and also indicate their conserved and primitive 
expression. Defensin peptides present in mammals have 
arginine as their primary residues. The peptides are  
non-glycosylated and cationic in nature. Their molecular 
masses range from 3.5 to 6 kDa and form 3 intracellular 

disulfide bridges[8]. Human defensin peptides are 
divided into 3 categories, α, β and θ-defensins, because 
of their versatility in amino acid sequence and presence 
of disulfide bonds between different residues[9]. Both 
α- and β-defensins consist of a triple-stranded β-sheet 
with a distinctive defensin fold. It is also evident that 
mature cyclic θ-defensin peptides are produced by 
splicing of α-defensin. The θ-defensins are inactivated 
in humans because of a genetic mutation, which results 
in premature stop codon[10]. 

Defensins present in neutrophils are known as human 
neutrophil peptides. Defensins are also found in natural 
killer cells in some monocytes and lymphocytes cells. 
Defensins are also detected in Paneth cells, small 
intestinal cells, respiratory tract, and in gynecological 
tracts[11]. Many active β-defensin peptides are identified 
in mucosal lining, gastrointestinal tract, skin cells, and 
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urogenital lining[12]. Various isoforms of β-defensin 
(such as DEFB108, DEFB1, DEFB116, DEFB128, 
DEFB129, DEFB125, DEFB112, DEFB104, DEFB103, 
DEFB118 and DEFB123) and of α-defensins (such as 
DEFA1, DEFA2, DEFA3, DEFA4, DEFA5 and DEFA6) 
have been identified[13].

Defensins have many similar roles in human body but 
the seminal effect of defensins is their antimicrobial 
activities which have been evident by in vitro studies[14]. 
Defensins were reported to have microbicidal effect 
against Gram-negative and Gram-positive bacteria. It 
also has fungicidal activity and reported to kill some 
enveloped viruses[15]. In vivo, the expression of defensins 
has been checked against microbial infections in mouse, 
which strongly supported the potential antimicrobial 
activity of defensins[16] through different modes of 
actions[17]. From the literature survey it is evident that 
all types of defensins have many remarkable effects 
on various activities in mammals and other organisms 
and also on their metabolic pathways. In this regard, 
defensins interact with many other peptides and their 
isoforms in different ways and in different activities. It is 
needed to perform a detailed study of defensin structural 
features, significant interactors of defensins and their 
relationships according to evolutionary perspective. So, 
in this study, computational biological approaches were 
used to determine the significant interaction of human 
defensin protein (neutrophil defensin 3) with its various 
isoforms. Further, a phylogram was also reconstructed 
to reveal evolutionary closeness of defensin with its 
selected isoforms. The study would help researchers to 
recognize the potential interactors of human defensin, 
which have their roles in many metabolic pathways 
and affect different activities and the type of interaction 
they share with eachother. The phylogram would also 
assist to study evolutionary perspectives of defensins.

MATERIALS AND METHODS

Structural annotation of neutrophil defensin 3:

A detailed annotation of neutrophil defensin protein 
was predicted using an online available software Predict 
Protein (https://www.predictprotein.org/). This tool 
predicts the helices, strands, exposed regions, buried 
regions, disordered regions, protein binding regions 
and disulfide bridges of protein[1].

Protein-protein interactions of defensin:

The interactions of human defensin was analyzed using 
online available database STRING[18] that contains 
predicted and experimentally validated protein-protein 

interactions. Neutrophil defensin 3 from human was 
used as a query to get graphical presentation of its 
interactions with other proteins in the database. Top 10 
significant interactors of query protein were explored 
in the form of direct (physical) and indirect (functional) 
associations as both types are specific and biologically 
meaningful. 

The type of each interaction between query and 
its interactors such as gene fusion, coexpression, 
cooccurrence, homology, neighborhood, literature 
evidence, experimental evidence or predicted 
interaction were also studied. Taking in account all 
these types of interactions we ended up with finding a 
scored based evaluation of each interactor. 

Phylogenetic analysis:

The FASTA sequences of query protein neutrophil 
defensin 3 from human (GenBank accession No. 
NP_005208.1) with its 10 significant interactors including 
neutrophil defensin 4 (accession No. NP_001916.1), 
neutrophil defensin 1 (accession no. NP_001289194.1), 
β-defensin 1 (accession no. AAM97293.1), defensin, 
alpha 1B (accession no. NP_001289194.1), β-defensin 
108B (accession no. NP_001002035.1), β-defensin 
116 (accession no. NP_001032820.1), β-defensin 
128 (accession no. NP_001032821.1), β-defensin 
129 (accession no. NP_543021.1), β-defensin 125 
(accession no. NP_697020.2) and β-defensin 112 
(accession no. NP_001032587.1) were retrieved from 
protein database of NCBI. All selected isoforms of 
defensin were derived from Homo sapiens.

The phylogenetic tree of query protein and its selected 
interactors was reconstructed using MEGA v6[19]. The 
alignment of retrieved protein sequences was done 
using ClustalW method in MEGA and phylogram was 
created by Neighbor-Joining method with 100 bootstrap 
replications[20].

Statistical analysis:

Overall mean distance was measured to estimate 
average evolutionary divergence over all sequence 
pairs using MEGA.

RESULTS AND DISCUSSION

Some important features of defensin protein were also 
predicted by PredictProtein that is a mega service for 
sequence analysis. PredictProtein has been used to 
predict structural and functional features of different 
proteins since 1992. A detailed annotation and predicted 
features of neutrophil defensin 3 protein from human 
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are shown in fig. 1 and detail of residues is given in  
Table 1. Top 10 interactors of human neutrophil defensin 
3 predicted through STRING is shown in fig. 2. Edges 
represent the association between proteins and it does 
not necessarily mean they have physical associations 
as some other properties could also be found (Table 2).

The STRING database has few evidence channels 
such as cooccurrence, coexpression, gene fusion, and 
homology. On the basis of these evidence channels the 
score-based interaction evaluation was also revealed. 
The coexpression channel represents that pair of query 
protein and its interactor has similar expression pattern 
under fluctuating conditions. Neighborhood channel 
indicates the proteins which are consistently observed 
in neighborhood of each other in the genome, e.g. genes 
present in an operon. Gene fusion channel determines 
the pair of proteins where their respective homologous 
genes have been fused to form single protein coding 
gene. Cooccurrence channel represents the similarity 
of two proteins in phylogenetic distribution of their 
orthologs. The homology channel represents the same 
ancestry of protein pair[18]. Each interactor was found 
with different scores based on above evidence channels. 
Scores of protein-protein interactions are given in  
Table 3.

A phylogram of human neutrophil defensin 3 and its 
selected interactors was reconstructed (fig. 3). From 
the phylogram it was revealed that human neutrophil 
defensin 3 has strong evolutionary relationships with 
other neutrophil defensins as all neutrophil defensins 
(α-defensins) appeared as a monophyletic group. A 

wide divergence in β-defensins was found because they 
did not fall in a clade. The α-neutrophil defensins had a 
stronger evolutionary relationship with β-defensin 108B 
as compared to other β-defensins. The β-defensins were 
found to be distantly related. Taking into account the 
wide degree of divergence among β-defensins depicted 
from the phylogram, it could be hypothesized that there 
would be a horizontal gene transfer among β-defensins. 

Defensins are considered as ubiquitous, present in 
all living organisms. For this reason, this microbial 
arsenal interacts with many other peptides to fulfill 
many crucial biological defensive and metabolic 
pathways[6]. They play their roles in inflammation, 
proliferation, homeostasis, and in wound healing in 
diabetic cells[21]. Anticancer activity of defensins has 
also been reported[22]. The proteins recognize pathogens 
and this quality makes them more efficient antibiotic 
and antiviral drugs[23]. Defensins act as antimicrobial 
compounds. The small cationic α-defensin, β-defensins 
and θ-defensins are part of innate immunity and 

Fig. 1: Detailed annotation of neutrophil defensin 3 

Description Residues
Protein binding regions 2, 22, 49-50, 57-63, 65, 67, 69-72, 74-80, 82, 84-92, 94
Strands 43-47, 65-68, 81-83, 89-92
Helix 4-18, 33
Exposed region 0-2, 17-41, 47-62, 64, 70-71, 73-79, 81, 84-88, 90-91
Buried region 3, 5-14, 16-42, 44-46, 65, 67, 72, 80, 82, 89
Disulfide bond 66-93, 68-83, 73-94
Disordered region 1-6, 15-42, 48-63, 70-94

TABLE 1: DESCRIPTION OF RESIDUES OF NEUTROPHIL DEFENSIN 3

 
Fig. 2: Graphical presentation of query protein with its 
significant interactors
The interactors are represented with their gene name. DEFA3 
in red node is the query protein. Nodes and edges represent 
some properties of proteins, filled nodes represent the protein 
with known 3D structures and empty nodes represent the 
proteins of unknown 3D structures. Key interactions: (
) from curated databases, ( ) experimentally determined, 
( ) gene neighborhood, ( ) gene fusion, (
) gene co-occurrence, ( ) text mining, ( ) Co-
expression, ( ) protein homology
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modulators of adaptive immunity. The α-defensins 
mostly express in neutrophil and β-defensins express in 
skin cells and mucosae[13]. θ-defensins are mostly found 
in granules of neutrophils, monocytes and leukocyte 
of rhesus macaque monkey[24]. Defensin peptides have 

unavoidable effects on human body as their presence is 
needed for male fertility[25]. Remarkably, knock down of 
Defb15 leads to a reduction in fertility and embryonic 
development failure. In addition, the recombinant 
Defb15 has antimicrobial activity in a dose-dependent 
fashion. These results suggest that Defb15 plays a dual 
role in both sperm maturation and pathogen defense[26].

This recent exceptional study integrates a deep 
mechanistic understanding about annotation of protein, 
potential interactors and sort of interaction of human 
defensin supported by their evolutionary concepts. 
Human neutrophil defensin 3 has showed β strands, and 
a short helix. The study by Dhople et al.[27] showed 3 β 
strands and a short helix at N-terminal region of human 
defensin. The current findings showed 3 disulfide bonds, 
these predicted results are also corelated to work of 
Dhople et al.[27], who has also determined three disulfide 
bonds in human neutrophil defensin 3, which are 
cause of protein stability. The exposed, buried regions 
and protein binding regions of defensin predicted in 

Gene name Protein name
DEF 3 Neutrophil defensin 3 (Query)

DEFA4 Neutrophil defensin 4
DEFA1 Neutrophil defensin 1
DEFB1 β-defensin 1
DEFA1B Defensin, α 1B
DEF B108B β-defensin 108B
DEFB116 β-defensin 116
DEFB128 β-defensin 128
DEFB129 β-defensin 129
DEFB125 β-defensin 125
DEFB112 β-defensin 112

TABLE 2: GENES WITH THEIR PROTEINS OF 
HUMAN NEUTROPHIL DEFENSIN 3 AND ITS 
INTERACTORS

Protein name Coexpression Homology Gene fusion Neighborhood Score
Neutrophil defensin 4 yes Yes No No 0.977
Neutrophil defensin 1 yes Yes No No 0.969
β-defensin 1 No No No No 0.966
Defensin, α 1B yes Yes No No 0.952
β-defensin 108B No No No No 0.943
β-defensin 116 No No No No 0.940
β-defensin 128 No No No No 0.933
β-defensin 129 No No No No 0.932
β-defensin 125 No No No No 0.930
β-defensin 112 No No No No 0.930

TABLE 3: SCORES OF EVIDENCE CHANNELS OF HUMAN NEUTROPHIL DEFENSIN 3 WITH ITS 
INTERACTORS

 
Fig. 3: Evolutionary relationship of human neutrophil defensin 3 with its selected interactors
The optimal tree with the sum of branch length = 3.46403302 is shown. The percentage of replicate trees in which the associated 
taxa clustered together in the bootstrap test (100 replicates) is given above the branches. The tree is drawn to scale, with branch 
lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were 
computed using the p-distance method and are in the units of the number of amino acid differences per site. The analysis involved 
11 amino acid sequences. All positions containing gaps and missing data were eliminated. There were a total of 53 positions in the 
final dataset. Overall mean distance (d) was found to be 0.782
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current study, showed similarity with results of Bauer 
et al.[28]. The predicted disordered regions are similar 
to the results of Mattar et al.[29], who experimentally 
proved that disordered regions play important role in 
antimicrobial properties of defensin.

The human neutrophil defensin 3 showed significant 
interactions with 10 proteins, which are isoforms 
of defensin[30]. Neutrophil defensin 3 showed most 
significant interactions with neutrophil defensin  
4 having score of 0.977, which is maximum value of 
association. In the phylogenetic analysis they showed 
close relationships and had same ancestor. Coexpression 
and homology have been observed in both neutrophil 
defensins and both have inhibitory effects towards 
Gram-negative bacteria[15,31]. Priyadarshini et al.[32] also 
studied and showed combined effects of α-defensin 1 
and α-defensin 4. The count of both isoforms was found 
to be increased in nasal aspirates from children with 
naturally occurring adenovirus infection.

Neutrophil defensin 1 was found as the second most 
meaningful interactor of neutrophil defensin 3. It also 
showed coexpression and homology with query protein 
with score of 0.969. They also have inhibitory activities 
against Gram-positive and Gram-negative bacteria. In 
phylogenetic analysis both defensins also evolved from 
the same ancestor. Zhang et al.[33] also showed similar 
results regarding collective effect of α-defensin 1 and 
α-defensin 3 as they collectively influence the antiHIV 
activity of CD8. The third interactor was β-defensin 1 
with a score of 0.966. It shared distant ancestry with 
query protein in phylogenetic analysis. It also did not 
show coexpression and homology in our study but 
the relevance of both α-defensin 3 and β-defensins 1 
has been proved in the pathogenesis of diabetes and 
diabetic complications[34]. 

The fourth interactor is α-defensin 1B. Neutrophil 
defensin 3 and α-defensin 1B have same antibacterial, 
fungicide and antiviral activities. It has antimicrobial 
activity against Gram-negative and Gram-positive 
bacteria it has score value 0.952 and in our phylogeny 
analysis and shared same ancestor with query protein. 
An association study of α-defensin 3 and α-defensin 1B 
has been reported by Wallace et al.[35] who found that 
both proteins cumulatively affect the lung functions in 
smokers. The fifth interactor of neutrophil α-defensin 3 
is β-defensin 108B, its association score is 0.943. This 
interactor also shared antimicrobial activities with query 
protein. But it does not share coexpression, homology, 
and occurrence with query protein. It has been reported 

that neutrophil defensin 3 Chertov[36] and DEFB-108[37] 
are induced by interleukin.

β-Defensin 116 was the sixth interactor of query 
protein and its association score was 0.940. It showed 
an association with query protein but did not show 
close evolutionary relationship. The seventh interactor 
was β-defensin 128 with and association score of 0.933. 
It showed distant evolutionary relationship with query 
protein. The 8th, 9th and 10th interactors were β-defensins 
129, 125 and 112, respectively. All these β-defensins 
have been reported for their antimicrobial activities. 
Their association scores were 0.932, 0.930, and 
0.930, respectively. They all showed no coexpression, 
cooccurrence and homology with the query protein 
and showed distant evolutionary relationships. The 
β-defensin isoforms (i.e. 112, 116, 125, 128 and 129) 
have been reported for their antimicrobial activities 
similar to α-defensins[38-39]. All defensin isoforms 
indicate that they all share common ancestor. The study 
of their adjacent chromosomal locations and same 
precursor genes indicated that all vertebrate defensins 
have arisen from common ancestor[10].

Protein-protein interactions or associations are very 
significant to determine the functions of respective 
proteins and effects of each interaction on one another. 
Defensins are one of the rising AMPs and because 
of their different potentials they would be used as 
new antimicrobial drugs in future. It is increasingly 
becoming apparent that microbes are developing 
resistance against previously discovered drugs. 
Taking in account, such potential abilities of bioactive 
compounds, these have such fire inside to get the title 
of next generation antimicrobial drugs. There are many 
such bioactive compounds need to be more investigated 
in different aspects to get fully aware of their potentials.

AMPs are the oldest components of innate immunity as 
these are the part of all living organisms. The diverse 
evolutionary history of defensins explains their varied 
antimicrobial activities and its worthy existence. The 
current study was about detailed annotation of residues 
of defensin protein, associations of human defensin 
with other proteins and types of their interactions. 
The study also explained those common features of 
interactions among defensins, which they share with 
each other. Because such association studies are need 
of the hour to determine functions, conditions and 
properties of defensins. The evolutionary study is the 
backbone of any biological process. The phylogeny of 
human defensin indicated its evolutionary relatedness 
with selected interactors and how these interactors 
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work in coordination and how the presence or absence 
of any interactor could affect the processes it is involved 
in. The study also disclosed the novelty of defensins 
and some therapeutic defensins could be screened and 
selected in future on the basis of their antimicrobial 
potentials to make accessible the synthesis of these next 
generation antimicrobial drugs at commercial levels.
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