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Abstract 

The salivary glands of mosquitoes, which act as disease vectors, contain biological components that facilitate the blood-

feeding process and transmit pathogens to the human body. Apyrase, a protein from the salivary glands of Aedes 

aegypti, is known to be an immunogenic protein that influences the host's immunity. It can prevent platelet aggregation 

by hydrolyzing ATP or ADP into AMP and thus facilitate the blood-feeding process. This mechanism is also exploited 

by pathogens to obtain entry into the host's body. Vaccination with the apyrase protein could control dengue virus 

transmission by enhancing the immune response to inhibit the pathogen's entry. To examine the potential of apyrase, it 

is critical to explore its nature and characteristics by using bioinformatics databases. This quantitative descriptive study 

involved apyrase protein from the salivary glands of Ae. aegypti obtained from several bioinformatics databases, 

namely UniProt, SWISSMODEL, ENZYME, Rhea, CFSSP, GlyCosmos, STRING, and QuickGo. The findings 

contribute to a more fine-cut understanding of apyrase as a potential vaccine to inhibit dengue transmission. 
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Introduction 

Infectious diseases still prevail in multiple parts of 

the globe, especially in tropical regions (Pujara et 

al., 2019). Numerous studies have investigated the 

transmission of tropical diseases mediated by 

arthropod vectors into the human body to prevent 

pathogen transmission and infection (Senjarini, 

2013). The pathogen transmits through several 

organs in the vector's body until it finally penetrates 

the host (Luplertlop, 2014). The vector’s salivary 

glands aid in the blood-feeding process and this 

transmission of pathogens (Liu et al., 2023; Wathon 

et al., 2015a). For example, the salivary glands of 

the Ae. aegypti contains various biological 

components that can facilitate blood-feeding in the 

human body. This mechanism enables the entry of 

dengue virus into the human body, leading to 

infection in the host body.   

The salivary glands contain substances that aid in 

transmitting pathogens to the host body, such as 

vasodilator and immunomodulatory components 

(Gomez et al., 2018). Vasodilators can widen blood 

vessels, making it easier for mosquitoes to suck the 

host's blood. The immunomodulator also possesses 

immunosuppressive properties to suppress the 

host's immune system, fostering pathogen 

transmission (Marin-Lopez et al., 2023). Multiple 

studies have delved into these immunomodulatory 

properties of mosquito salivary glands (Arora et al., 

2021). 

Previous research shows that sustained exposure to 

vector saliva can protect the host body through 

shifting the immune response which provides 

immunity to the host body (Montiel et al., 2020; 

Wathon et al., 2022). This signifies the potential to 

control virus transmission through vaccination of 

the host body with immunomodulatory proteins 

from the salivary glands of Ae. aegypti. The host 

body will form antibodies to fight the injected 

immunomodulatory proteins, preventing the 

transmission of dengue virus.  

Immunomodulatory components in the salivary 

glands of Ae. aegypti have different structures and 

functions (Sun et al., 2020). These components 

contain protein molecules assisting the blood-

feeding process in the human body (Gavor et al., 

2022). Several of these proteins are immunogenic, 

affecting hemostasis and the host's immune 

response (Oktarianti et al. 2014; Wathon et al., 

2020). The immunogenicity of these protein groups 

has been extensively investigated. One of the 

immunogenic proteins from the salivary glands Ae. 

aegypti is the apyrase protein (Oktarianti et al., 

2015).  

The apyrase protein is pivotal in hydrolyzing ATP 

or ADP into AMP (Oktarianti et al., 2022a). ATP 
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and ADP molecules are inducers that can bind to 

platelet cell membrane receptors to trigger 

aggregation between platelet cells (Oktarianti et al., 

2022b). This ability to degrade ATP and ADP can 

prevent platelet aggregation, subsequently 

facilitating the blood-feeding on the host body 

(Fontaine et al., 2011). Apyrase activity can disrupt 

hemostasis and the host's immune response, thereby 

increasing the opportunity for pathogen 

transmission. Further studies are necessitated to 

understand the characteristics of apyrase from the 

salivary glands of Ae. aegypti. 

The potential of apyrase can be explored by 

analyzing critical information in the bioinformatics 

database. This study examines the constituent 

amino acids and biological as well as 

physicochemical properties of apyrase protein. It 

also explores various post-translational 

modifications to the protein. This study is 

significant for vaccine development, as a measure 

to inhibit dengue transmission in dengue-endemic 

areas.  

Materials and Methods 

Research Site and Time 

This research was conducted from February to May 

2024 at the Biotechnology Sub-Laboratory of 

Biology Department, Faculty of Mathematics and 

Science in Jember University.   

Equipment and Materials 

This study operationalized both hardware and 

software. The hardware was an ASUS laptop with 

Intel® CoreTM i3-1035G1 processor specifications 

(8 CPUs), ~1.2GHz with 4GB RAM. Some of the 

bioinformatics database software employed were 

UniProt (https://www.uniprot.org), SWISS-

MODEL (https://swissmodel.expasy.org), 

ENZYME (https://enzyme.expasy.org), Rhea 

(https://www.rhea-db.org), CFSSP 

(https://www.biogem.org/tool/chou-fasman/), 

GlyCosmos (https://glycosmos.org), STRING 

(https:/ /string-db.org), QuickGo 

(https://www.ebi.ac.uk/QuickGO). 

The Retrieval of the Amino Acid Sequence of the 

Apyrase from Ae. aegypti Salivary Gland 

As the primary data for analyses, the amino acid 

sequence of apyrase was retrieved from the UniProt 

database. The search focused on the pre-determined 

accession number corresponding to the apyrase 

protein from the salivary glands of the Ae. aegypti 

species. The amino acid sequences were 

downloaded in fasta format.   

The 3D Structure of the Apyrase 

The 3D structure of apyrase protein was obtained 

from the SWISS-MODEL database. The structure 

was visualized based on the apyrase amino acid 

sequence previously retrieved from UniProt. 

Subsequently, the identification and 

characterization of the protein’s secondary structure 

were conducted using the CFSSP web tool, 

analyzing each segment of the apyrase protein. 

The Characterization of the Apyrase 

Properties 

The information concerning the properties and 

characteristics of apyrase were collected from the 

UniProt, ENZYME, Expasy, and Rhea databases. 

The characterization was conducted using the 

accession number and amino acid sequence of 

apyrase, focusing on its functional roles, catalytic 

activity, cofactors, and binding sites. 

The Post-translational Modification of the 

Apyrase 

Information on the post-translational modifications 

of apyrase was obtained from the UniProt and 

GlyCosmos databases by using the accession 

number and amino acid sequence of the target 

protein. The retrieved information pertained to 

signal peptide sequences and various glycosylation 

processes. 

The Interaction of the Apyrase 

Information regarding the interaction of apyrase 

with other proteins was obtained from the STRING 

database. The search for this data was 

accomplished by using the accession number and 

amino acid sequence of apyrase. The interactions 

between proteins were visualized using interaction 

line models, accompanied by descriptions of the 

biological activities of each protein projected to 

interact with apyrase.  

Results 

Profile of Apyrase Sequence from Ae. 

aegypti 

This study utilized the amino acid sequence of 

apyrase from the salivary glands of Ae. aegypti, 

obtained from the UniProt database with accession 

number P50635. The gene encoding this protein 

was referred to as the apy gene. Apyrase from Ae. 
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aegypti mosquito (Yellow fever mosquito) (Culex 

aegypti) consists of 562 amino acids. The 

molecular weight of apyrase protein is 62,754 kDa. 

The protein code and the complete amino acid 

sequence of the apyrase protein are presented in 

Table 1.

 

Table 1. The amino acid sequence of apyrase from the salivary gland of Ae. Aegypti 

>sp|P50635|APY_AEDAE Apyrase OS=Aedes aegypti OX=7159 GN=APY PE=1 SV=2 
MAGRPGYSEVIFLYVVSVAVIARATDNMPVNKDVSKLFPLTLIHINDLHARFEETNMKSNVCTQKDQCIAGIARV
YQKIKDLLKEYESKNPIYLNAGDNFQGTLWYNLLRWNVTADFIKKLKPAAMTLGNHEFDHTPKGLAPYLAELN
KEGIPTIVANLVMNNDPDLKSSKIPKSIKLTVGKRKIGIIGVLYDKTHEIAQTGKVTLSNAVEAVRREAAALKKDN
IDIIVVLSHCSYEEDKKIAAEAGDDIDVIVGAHSHSFLYSPDSKQPHDPKDKVEGPYPTLVESKNKRKIPIVQAKSF
GKYVGRLTLYFDEEGEVKNWEGYPVFIDHKVQQDPQILKDLVPWRAKVEAIGSTVVGETMIELDRDSCRDQEC
TLGVLYADGFADQYTNDTFRPFAIIQAGNFRNPIKVGKITNGDIIEAAPFGSTADLIRLKGADIWDVAEHSFALDD
EGRTNCLQVSGLRIVIDISKPVRSRVKKIEVMDYTNPKSDKLKPLDKEAEYYIVVPSYLADGKDGFSAMKRATAR
RTGPLDSDVFKNYVEKIKKVDNLKLGRVIVCKGSKCT 

 

 The 3D Visualization of the Apyrase 

The 3D structure of apyrase from Ae. aegypti was 

visualized through homology modeling using the 

SWISS-MODEL database. The protein’s sequence 

data from Ae. aegypti was used to generate the 3D 

structure, identified by the STML ID code 7qga.1. 

This model was further refined using X-ray 

crystallography, achieving a resolution of 1.5 Å, 

which is indicative of high-quality structural data 

(Ramírez and Caballero, 2018). Generally, protein 

structures resolved to <2.5 Å are deemed highly 

accurate. The 3D structure (ID: 7qga.1) is 

illustrated in Figure 1, showcasing the detailed 

visualization achieved through these advanced 

modeling techniques.  

 

 

 

 

Figure 1. The 3D structure of apyrase (STML ID: 7qga.1) (SWISS-MODEL, 2024) 

The 3D structure, based on its conformation, forms 

a homodimer consisting of two identical protein 

chains (chains A and B). A protein homodimer is a 

complex formed by two identical protein subunits 

that are non-covalently bound together. These 

subunits share a common amino acid sequence and 

structural configuration, interacting to create a 

functional dimer (Zhanhua et al., 2005). Apyrase 

serves as an enzyme-forming homodimer to 

become catalytically active. In a homodimer, both 

subunits possess identical primary, secondary, 

tertiary, and quaternary structures. The 
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homodimeric structure of enzymatic proteins is 

crucial for their biological activity. Dimerization 

can enhance the thermal and proteolytic stability of 

the protein, thus leveraging its resilience. 

Additionally, homodimerization can regulate the 

protein's activity through allosteric effects, where 

the binding of a substrate or ligand to one subunit 

influences the activity of the other subunit. This 

allows for functional diversity, as different 

conditions or modifications (e.g., phosphorylation) 

can influence dimer formation and eventually 

regulate the protein's function (Mou et al., 2015; 

Dang, 2022). 

 

 

Figure 2. The identification of secondary structure of apyrase (CFSPP, 2024) 

The observation of the secondary structure of the 

protein using the CFSSP webtool identified a 

secondary structure of the 562 amino acid 

sequences that made up the apyrase protein. This 
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structure was found in the form of a helix, sheet, 

turn, and coil. Based on the secondary structure, the 

helix structure was the most common (dominant) 

structure, followed by the sheet, turn, and coil 

structures. A protein helix structure, specifically 

referring to an alpha-helix, is one of the common 

secondary structures found in proteins (Swanson 

and Sivaramakrishnan, 2014). The alpha-helix 

provides a stable and flexible structure, contributing 

to the overall stability of the protein. Helices 

protein structure can be involved in various 

functions, including forming the structural 

framework of proteins, participating in protein-

protein interaction, protein-RNA interaction, 

protein-DNA interactions, and facilitating the 

passage of ions or molecules across membranes 

(Woolfson, 2023). The alpha-helix is a fundamental 

element of protein architecture, contributing to the 

diverse functionalities, structural integrity and 

stability of proteins in various biological contexts. 

In addition, understanding the interactions 

between apyrase and its ligands is crucial for 

biochemistry and pharmacology, including 

developing therapeutic agents that target 

nucleotide metabolism. In the 3D structure, 

several ligands have been successfully 

identified, as documented more detail in the 

Table 2. 

Table 2. Several ligands in the protein’s 3D structure (STML ID: 7qga.1) 

Ligands Name Ligands Name Detail 
Number of 

Ligands 
Type of Bonding 

Zn Ion Zinc 2 Non-Covalent 

Ca Ion Kalsium 2 Non-Covalent 

BOI 

[[(2~{R},3~{S},4~{R},5~{R})-5-

[(4~{E})-4-[(4-

chlorophenyl)methoxyimino]-3-
methyl-2-oxidanylidene-pyrimidin-1-

yl]-3,4-bis(oxidanyl)oxolan-2-

yl]methoxy-oxidanyl-
phosphoryl]methylphosphonic acid 

2 Non-Covalent 

PG4 Tetraethylene Glycol 4 
Non-Functional 

Binders 

    

Generally, apyrase can associate with and 

hydrolyze such natural substrates as ATP, ADP, 

UTP, GTP, and CTP. ATP is the primary substrate 

for apyrase, which hydrolyzes into ADP (adenosine 

diphosphate) and inorganic phosphate. ADP is 

another substrate for apyrase, which hydrolyzes 

into AMP (adenosine monophosphate) and 

inorganic phosphate. Similar to ATP, UTP can also 

be hydrolyzed by apyrase. Another triphosphate 

serves as a substrate for apyrase. Similarly, CTP 

can be hydrolyzed by apyrase. Some of the 

inhibitors to apyrase include suramin and reactive 

blue 2. Suramin is a known inhibitor of apyrase, 

which interferes with the enzyme’s ability to 

hydrolyze ATP. Reactive Blue 2 is another 

inhibitor that can bind to apyrase and prevent its 

activity (Maloney et al., 2010). Some cofactors of 

apyrase are calcium and magnesium ions as well as 

adenosine. Calcium and magnesium (divalent 

cations) are crucial cofactors for apyrase activity, 

stabilizing the enzyme structure and participating in 

the catalytic process. Adenosine is the product of 

ATP and ADP hydrolysis by apyrase, which can 

influence inhibition mechanisms (Reno and Novak, 

2005).  

The Characterization of the Apyrase    

Apyrase is crucial for the blood-feeding process of 

mosquitoes to humans as their hosts (Hughes, 

2013). That is achieved by preventing platelet 

aggregation which depends on the presence of 

inducers, namely ATP and ADP molecules 

(Oktarianti et al., 2022). Apyrase can reduce 

probing time by facilitating the rate of finding the 

blood-feeding location (Hamasaki et al., 2009). 

Apyrase has alternative names such as adenosine 

diphosphatase, ADPase, ADP-diphosphatase, and 

ATP-diphosphohydrolase (Expasy, 2024). The 

catalytic activity of apyrase is to catalyze the 

change in ribonucleoside 5'-triphosphate + 2 H2O 

<=> a ribonucleoside 5'-phosphate + 2H+ + 2 

phosphate (Rhea, 2024). Apyrase can hydrolyze 

ATP molecules into ADP. Furthermore, ADP 

molecules can be hydrolyzed to AMP (Figure 3). 
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Most hydrolase enzymes belong to the ecto-ATPase 

group whose biological activity occurs on the cell 

surface and hydrolyzes extracellular nucleotides 

(Goding et al., 2003). The catalytic ability of 

apyrase is different from that of ATPase because 

ATPase only hydrolyzes ATP molecules. In 

contrast, apyrase can hydrolyze ATP and ADP 

molecules (Madry et al., 2018). The majority of 

cofactors of apyrase are divalent metal cations 

(UniProt, 2024). These are metal cations with 

valence electrons of 2 charges, such as Ca2+ and so 

on. 

 

 

Figure 3. Chemical reactions catalyzed by apyrase (UniProt, 2024) 

Apyrase exhibits multiple binding sites, indicating 

its interactions with various molecular entities and 

chemical compounds. These entities include metal 

ions, cofactors, substrates, enzyme products, 

allosteric regulators, physiological 

inhibitors/activators, receptor/sensor ligands, 

transporters/channels, transcription regulator 

effectors, and chromophores. Additionally, there 

are individual amino acid sites within the protein 

that can interact with these chemical entities. 

Functional proteins, like apyrase, possess these 

binding sites and interaction sites, which are crucial 

for their biological activity. For instance, cofactors 

are essential for the enzymatic activity of many 

proteins (Bachosz et al., 2023). Table 3 provides a 

detailed list of the binding sites and interaction sites 

identified in apyrase. Furthermore, Figure 4 

illustrates the specific positions of these binding 

sites and interaction sites on the amino acid 

sequence of apyrase.  

Table 3. The binding sites and sites on apyrase (UniProt, 2024) 

Description ID Position(s) Amino Acid of Apyrase Binding to Chemical Entities 

Binding site 47 D a divalent metal cation 1 

Binding site 49 H a divalent metal cation 1 

Binding site 98 D a divalent metal cation 1 

Binding site 98 D a divalent metal cation 2 

Binding site 130 N a divalent metal cation 2 

Site 131 H transition state stabilizer 

Site 134 D transition state stabilizer 

Binding site 233 H a divalent metal cation 2 

Binding site 257 H a divalent metal cation 2 

Binding site 424 F substrate 

Binding site 508-514 YLADGKD substrate 
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Figure 4. The position of binding sites and sites of amino acid constituting apyrase from the salivary gland of 

Ae. aegypti (GlyCosmos, 2024). 

Post-translational Modification of the Apyrase  

Apyrase features a signal peptide sequence 

spanning amino acid positions 1 to 24, with the 

specific sequence being 

MAGRPGYSEVIFLYVVSVAVIARA. This signal 

peptide, located at the N-terminal end of the 

protein, directs the newly synthesized protein to the 

endoplasmic reticulum for subsequent post-

translational modification and processing (Hiss and 

Schneider, 2009). The presence of a signal peptide 

indicates that this protein is a secretory protein 

(Owji et al., 2018), released extracellularly. Signal 

peptides are associated with secretory proteins. 

Furthermore, signal peptides are known to 

influence the immunogenicity of proteins. This 

suggests that the signal peptide sequence of apyrase 

may contribute to its immunogenicity, making it a 

potential candidate for future vaccines (Cheng et 

al., 2022; Vatakis and McMillan, 2011; Kovjazin 

and Carmon, 2022). Figure 5 illustrates the position 

of the signal peptide sequence relative to the overall 

amino acid sequence, underlining its significance in 

the protein's structure and function.  

 

Figure 5. The position of peptide signal (red) in relation to the overall sequence of apyrase (UniProt, 2024). 

 Apyrase consists of a main sequence of amino 

acids spanning positions 25 to 562, totalling 537 

amino acids. It is composed of two subunits, 

labeled subunit A and sub-unit B (Oktarianti et al., 

2022), indicating its classification as a complex 

protein. Complex protein structures, characterized 

by multiple subunits, are often considered potential 

vaccine due to their immunogenic properties (Cid 

and Bolivar, 2021). The information regarding the 

main of amino acid sequence from apyrase is 

presented in Table 4.  

Table 4. The main sequence of the apyrase amino acid 

>sp|P50635|25-562 

TDNMPVNKDVSKLFPLTLIHINDLHARFEETNMKSNVCTQKDQCIAGIARVYQKIKDLLKEYESKNPIYLNAG

DNFQGTLWYNLLRWNVTADFIKKLKPAAMTLGNHEFDHTPKGLAPYLAELNKEGIPTIVANLVMNNDPDLKSS

KIPKSIKLTVGKRKIGIIGVLYDKTHEIAQTGKVTLSNAVEAVRREAAALKKDNIDIIVVLSHCSYEEDKKIA

AEAGDDIDVIVGAHSHSFLYSPDSKQPHDPKDKVEGPYPTLVESKNKRKIPIVQAKSFGKYVGRLTLYFDEEG

EVKNWEGYPVFIDHKVQQDPQILKDLVPWRAKVEAIGSTVVGETMIELDRDSCRDQECTLGVLYADGFADQYT

NDTFRPFAIIQAGNFRNPIKVGKITNGDIIEAAPFGSTADLIRLKGADIWDVAEHSFALDDEGRTNCLQVSGL

RIVIDISKPVRSRVKKIEVMDYTNPKSDKLKPLDKEAEYYIVVPSYLADGKDGFSAMKRATARRTGPLDSDVF

KNYVEKIKKVDNLKLGRVIVCKGSKCT 
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Apyrase also undergoes a post-translational 

modification in the form of glycosylation. 

Glycosylation occurs when a glycan (carbohydrate) 

molecule attaches to an amino acid from a protein 

(Eichler, 2019). The majority of proteins developed 

for therapeutics and vaccines undergo a 

glycosylation process (Zhang et al., 2016; Adamo 

et al., 2013). The stability of a therapeutic protein 

may depend on changes in temperature, pH, and 

storage time (Wathon et al., 2015b). Glycosylation 

of a protein plays an important role in protein 

folding, interactions, signal transduction, mobility, 

and stability (Roth et al., 2012). Glycan molecules 

can also serve as specific receptors for proteins that 

act as enzymes (Gimeno et al., 2019). Glycan 

molecules can increase the half-life of a protein, 

especially therapeutic proteins (Fares and Azzam, 

2019).  

Based on its structure, glycan molecules consist of 

N-Linked and O-Linked (Yang et al., 2017). N-

Linked glycosylation occurs when a glycan 

molecule is attached to the amino acid asparagine. 

Meanwhile, O-Linked glycosylation occurs when 

the glycan molecule is bound to the amino acid 

serine and/or threonine (Krautter and Iqbal, 2021). 

Glycosylation in apyrase occurs at the amino acid 

asparagine (N) at sequences 112 and 390 with the 

N-Linked type (GlcNAc). The position of 

glycosylation (glycan molecules) on the apyrase of 

Ae. aegypti is shown more detail in the Figure 6.  

 

Figure 6. The position of glycan molecule attached to amino acid of apyrase (GlyCosmos, 2024) 

The Visualization of Apyrase Interaction 

The STRING database provides information on 

protein-protein interactions that is accessible 

through computational approaches (Szklarczyk et 

al., 2019). The data output in STRING shows that 

there are 10 types of proteins that interact with the 

apyrase. These 10 proteins are reported in Table 5. 

The protein interactions visualized using the 

STRING database reveal the relationship between 

the apyrase protein and 10 interacting proteins 

(Figure 7). This network illustrates the direct and 

indirect interactions between proteins, with the 

strength of interactions indicated by the number of 

connecting lines. The apyrase is directly linked to 7 

predicted functional partners, including proteins 

AAEL004457, AAEL005672, AAEL009191, 

AAEL006485, AAEL012172, AAEL002269, and 

AAEL015410. Some of these proteins may serve as 

mediators for other proteins that interact indirectly 

with the apyrase protein, highlighting the 

complexity of protein-protein interactions in the 

network. 

Additional proteins that interact indirectly with the 

apyrase protein include AAEL015233, 

AAEL008661, and AAEL009273. The interaction 

between the apyrase and AAEL015233 is mediated 

by predicted functional partners, including 

AAEL012172, AAEL002269, and AAEL015410. 

Likewise, the interaction between the apyrase and 

AAEL008661 is facilitated by predicted functional 

partners AAEL002269, AAEL015410, and 

AAEL009273. Finally, the interaction between the 

apyrase and AAEL009273 is mediated by predicted 

functional partners AAEL002269, AAEL015410, 

and AAEL009191. These findings indicate that 

while some proteins may not directly interact with 

the apyrase protein, several predicted functional 

partners act as strong mediators, establishing a 

connection between these proteins. 

Proteins AAEL002269 and AAEL015410 are 

predicted functional partners of apyrase, showing 

the highest number of interactions with other 

associated proteins. AAEL002269, in particular, 

exhibits a wide array of protein interaction 

relationships compared to other proteins. This 

protein is believed to play a significant role in 

mediating interactions among proteins involved in 

the expression and biological activity of the apyrase 

protein from Ae. aegypti salivary glands. The 

intricate pattern of protein interactions suggests a 

complex network that can modulate the immune 

response of an organism. This implies that apyrase 

is crucial in modulating host-immunity. 
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Table 5. List of Predicted Functional Partners of Apyrase Protein from Ae. aegypti Salivary Glands 

(STRING, 2024; QuickGo; 2024) 

Accession 
Number (Protein 

Number) 

Protein Name Biological Function 

Q1HRI9 

(AAEL004457) 

Mitochondrial  

cytochrome c 

Electron carrier protein. The oxidized form of the cytochrome c 

heme group can accept an electron from the heme group of the 
cytochrome c1 subunit of cytochrome reductase. Cytochrome c 

then transfers this electron to the cytochrome oxidase complex, 
the final protein carrier in the mitochondrial electron-transport 

chain 

Q16EF1 
(AAEL015233) 

Adenosine 
deaminase 

Catalysis of the removal of an amino group from a substrate, 
producing a substituted or nonsubstituted ammonia 

Q16WK9 
(AAEL009191) 

AAEL009191-PA Catalysis of the removal of an amino group from a substrate, 
producing a substituted or nonsubstituted ammonia 

Q175Y5 

(AAEL006485) 

Inosine-uridine 

preferring 

nucleoside 
hydrolase 

Catalysis of the hydrolysis of any N-glycosyl bond 

Q16WB3 

(AAEL009273) 

Inosine-5'-

monophosphate 
dehydrogenase 

Catalyzes the conversion of inosine 5'-phosphate (IMP) to 

xanthosine 5'-phosphate (XMP), the first committed and rate-
limiting step in the de novo synthesis of guanine nucleotides, and 

therefore plays an important role in the regulation of cell growth 

Q179D4 
(AAEL005672) 

Adenosine 
deaminase 

Catalysis of the reaction: 2'-deoxyadenosine + H2O = 
deoxyinosine + NH3 

Q17IS2 

(AAEL002269) 

Purine nucleoside 

phosphorylase 

catalyze the phosphorolytic breakdown of the N-glycosidic bond 

in the beta- (deoxy)ribonucleoside molecules, with the formation 
of the corresponding free purine bases and pentose-1-phosphate 

Q1DGZ2 

(AAEL015410) 

AAEL015410-PA Catalysis of the reaction: AMP + H2O = IMP + NH3 

Q16MW6 
(AAEL012172) 

S-methyl-5'-
thioadenosine 

phosphorylase 

Catalyzes the reversible phosphorylation of S-methyl-5'- 
thioadenosine (MTA) to adenine and 5-methylthioribose-1-

phosphate. Involved in the breakdown of MTA, a major by-

product of polyamine biosynthesis. Responsible for the first step 
in the methionine salvage pathway after MTA has been generated 

from S-adenosylmethionine. Has broad substrate specificity with 

6-aminopurine nucleosides as preferred substrates 

Q16Y55 
(AAEL008661) 

AAEL008661-PA Protein involved in the biochemical reactions with fatty acids 

  

The characterization of apyrase with the aid of 

bioinformatics databases has revealed its 

complexity, as indicated by its structural 

conformation and composition of homodimer 

subunits. This complexity corresponds to a 

desirable trait for vaccine candidates. Unlike many 

proteins, apyrase structures lack an alpha helix, 

crucial for maintaining protein stability. Apyrase 

possesses binding sites for ligands/substrates, 

cofactors, and inhibitors, which determines its 

biological activity. The presence of a signal peptide 

at the N-terminal end corroborates that apyrase is a 

secretory protein. Signal peptides contribute to the 

immunogenicity of proteins. Additionally, the 

glycosylation of apyrase can elevate its activity, 

stability, and immunogenicity. Apyrase exhibits 

sophisticated protein interactions, underscoring its 

potential as a vaccine due to its stable and 

immunogenic characteristics. Such a property plays 

a key role in modulating an organism's immunity. 

The protein interactions visualized using the 

STRING database reveal the relationship between 
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the apyrase protein and 10 interacting proteins 

(Figure 7). This network illustrates the direct and 

indirect interactions between proteins, with the 

strength of interactions indicated by the number of 

connecting lines. The apyrase is directly linked to 7 

predicted functional partners, including proteins 

AAEL004457, AAEL005672, AAEL009191, 

AAEL006485, AAEL012172, AAEL002269, and 

AAEL015410. Some of these proteins may serve as 

mediators for other proteins that interact indirectly 

with the apyrase protein, highlighting the 

complexity of protein-protein interactions in the 

network. 

 
Figure 7. The visualization of the interaction between apyrase and associated proteins (STRING, 2024). 

Additional proteins that interact indirectly with the 

apyrase protein include AAEL015233, 

AAEL008661, and AAEL009273. The interaction 

between the apyrase and AAEL015233 is mediated 

by predicted functional partners, including 

AAEL012172, AAEL002269, and AAEL015410. 

Likewise, the interaction between the apyrase and 

AAEL008661 is facilitated by predicted functional 

partners AAEL002269, AAEL015410, and 

AAEL009273. Finally, the interaction between the 

apyrase and AAEL009273 is mediated by predicted 

functional partners AAEL002269, AAEL015410, 

and AAEL009191. These findings indicate that 

while some proteins may not directly interact with 

the apyrase protein, several predicted functional 

partners act as strong mediators, establishing a 

connection between these proteins. 

Proteins AAEL002269 and AAEL015410 are 

predicted functional partners of apyrase, showing 

the highest number of interactions with other 

associated proteins. AAEL002269, in particular, 

exhibits a wide array of protein interaction 

relationships compared to other proteins. This 

protein is believed to play a significant role in 

mediating interactions among proteins involved in 

the expression and biological activity of the apyrase 

protein from Ae. aegypti salivary glands. The 

intricate pattern of protein interactions suggests a 

complex network that can modulate the immune 
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response of an organism. This implies that apyrase 

is crucial in modulating host-immunity. 

The characterization of apyrase with the aid of 

bioinformatics databases has revealed its 

complexity, as indicated by its structural 

conformation and composition of homodimer 

subunits. This complexity corresponds to a 

desirable trait for vaccine candidates. Unlike many 

proteins, apyrase structures lack an alpha helix, 

crucial for maintaining protein stability. Apyrase 

possesses binding sites for ligands/substrates, 

cofactors, and inhibitors, which determines its 

biological activity. The presence of a signal peptide 

at the N-terminal end corroborates that apyrase is a 

secretory protein. Signal peptides contribute to the 

immunogenicity of proteins. Additionally, the 

glycosylation of apyrase can elevate its activity, 

stability, and immunogenicity. Apyrase exhibits 

sophisticated protein interactions, underscoring its 

potential as a vaccine due to its stable and 

immunogenic characteristics. Such a property plays 

a key role in modulating an organism's immunity. 

Acknowledgments 

This research is financially supported by “Program 

Kreativitas Mahasiswa – Riset Eksakta, No: 

2546/E2/DT.01.00/2024” from the Ministry of 

Education, Culture, Research, and Technology, 

Indonesia.   

References 

Adhikari, P., Yadav, S., Cosby, D. E., Cox, N. A., 

Jendza, J. A. and Kim, W. K. 2020. Research 
Note: Effect of organic acid mixture on 

growth performance and Salmonella 

Typhimurium colonization in broiler chickens. 

- Poult. Sci. 99: 2645–2649. 

Antunes, P., Mourão, J., Campos, J. and Peixe, L. 

2016. Salmonellosis: The role of poultry meat. 

- Clin. Microbiol. Infect. 22: 110–121. 

Broz, P. and Monack, D. 2011. Molecular 
Mechanisms of Inflammasome Activation 

during Microbial Infections. - Immunol Rev. 

243: 174–190. 

Burton, R. R. and Harrison, J. S. 1969. The relative 

differential leucocyte count of the newly 

hatched chick. - Poult. Sci. 48: 451–453. 

El-Saadony, M. T., Salem, H. M., El-Tahan, A. M., 

Abd El-Mageed, T. A., Soliman, S. M., 
Khafaga, A. F., Swelum, A. A., Ahmed, A. E., 

Alshammari, F. A. and Abd El-Hack, M. E. 

2022. The control of poultry salmonellosis 
using organic agents: an updated overview. - 

Poult. Sci. 101: 101716. 

Finley, R., Raid-Smith, R. and Weese, J. S. 2006. 
Human health implications of Salmonella-

contaminated natural pet treats and raw pet 

food. - Clin. Infect. Dis. 42: 686–691. 

Hafez, H. M. and Attia, Y. A. 2020. Challenges to 

the Poultry Industry: Current Perspectives and 
Strategic Future After the COVID-19 

Outbreak. - Front. Vet. Sci. in press. 

Hill, S. C., Manvell, R. J., Schulenburg, B., Shell, 

W., Wikramaratna, P. S., Perrins, C., Sheldon, 

B. C., Brown, I. H. and Pybus, O. G. 2016. 
Antibody responses to avian influenza viruses 

in wild birds broaden with age. - Proc. R. Soc. 

B Biol. Sci. 283: 1–9. 

Hoare, A., Bittner, M., Carter, J., Alvarez, S., 

Zaldívar, M., Bravo, D., Valvano, M. A. and 
Contreras, I. 2006. The outer core 

lipopolysaccharide of Salmonella enterica 

serovar Typhi is required for bacterial entry 
into epithelial cells. - Infect. Immun. 74: 

1555–1564. 

Huang, X.-Y., Ansari, A. R., Huang, H.-B., Zhao, 

X., Li, N.-Y., Sun, Z.-J., Peng, K.-M., Zhong, 

J. and Liu, H.-Z. 2017. Lipopolysaccharide 
mediates immuno-pathological alterations in 

young chicken liver through TLR4 signaling. - 

BMC Immunol. 18: 12. 

Hughes, L. A., Shopland, S., Wigley, P., Bradon, 

H., Leatherbarrow, A. H., Williams, N. J., 
Bennett, M., De Pinna, E., Lawson, B., 

Cunningham, A. A. and Chantrey, J. 2008. 

Characterisation of Salmonella enterica 
serotype Typhimurium isolates from wild 

birds in northern England from 2005-2006. - 

BMC Vet. Res. 4: 1–10. 

Ijaz, A., Veldhuizen, E. J. A., Broere, F., Rutten, V. 

P. M. G. and Jansen, C. A. 2021. The 
interplay between salmonella and intestinal 

innate immune cells in chickens. - Pathogens 

10: 1–20. 

Lelono, A., Robledo-Ruiz, D. A., Berghof, T. V. L., 

Parmentier, H. K., Riedstra, B. and Groothuis, 

T. G. 2019. Does paternal 
immunocompetence affect offspring 

vulnerability to maternal androgens? A study 

in domestic chickens. - Biol. Open in press. 

Lutful Kabir, S. M. 2010. Avian colibacillosis and 

salmonellosis: A closer look at epidemiology, 



Life Science and Biotechnology 2 (1): 1 - 12, Mei 2024 

12 
 

pathogenesis, diagnosis, control and public 

health concerns. - Int. J. Environ. Res. Public 

Health 7: 89–114. 

Parmentier, H. K., van Den Kieboom, W. J. A., 

Nieuwland, M. G. B., De Vries Reilingh, G., 
Hangalapura, B. N., Savelkoul, H. F. J. and 

Lammers, A. 2004. Differential effects of 

lipopolysaccharide and lipoteichoic acid on 
the primary antibody response to keyhole 

limpet hemocyanin of chickens selected for 

high or low antibody responses to sheep red 

blood cells. - Poult. Sci. 83: 1133–1139. 

Popa, G. L. and Popa, M. I. 2021. Salmonella spp. 
Infection – a continuous threat worldwide. - 

Germs 11: 88–96. 

Pulido-Landínez, M. 2019. Food safety - 
Salmonella update in broilers. - Anim. Feed 

Sci. Technol. 250: 53–58. 

Redweik, G. A. J., Stromberg, Z. R., Van Goor, A. 
and Mellata, M. 2020. Protection against 

avian pathogenic Escherichia coli and 
Salmonella Kentucky exhibited in chickens 

given both probiotics and live Salmonella 

vaccine. - Poult. Sci. 99: 752–762. 

Sali, W., Patoli, D., Pais de Barros, J.-P., Labbé, J., 

Deckert, V., Duhéron, V., Le Guern, N., 

Blache, D., Chaumont, D., Lesniewska, E., 
Gasquet, B., Paul, C., Moreau, M., Denat, F., 

Masson, D., Lagrost, L. and Gautier, T. 2019. 
Polysaccharide Chain Length of 

Lipopolysaccharides From Salmonella 

Minnesota Is a Determinant of Aggregate 
Stability, Plasma Residence Time and 

Proinflammatory Propensity in vivo. - Front. 

Microbiol. in press. 

Shah, D. H., Paul, N. C., Sischo, W. C., Crespo, R. 

and Guard, J. 2017. Microbiology and food 
safety: Population dynamics and antimicrobial 

resistance of the most prevalent poultry-

associated Salmonella serotypes. - Poult. Sci. 

96: 687–702. 

Splichalova, A., Splichalova, Z., Karasova, D., 

Rychlik, I., Trevisi, P., Sinkora, M. and 
Splichal, I. 2019. Impact of the 

lipopolysaccharide chemotype of Salmonella 
enterica serovar typhimurium on virulence in 

gnotobiotic piglets. - Toxins (Basel). 11: 1–

15. 

Tizard, I. 2004. Salmonellosis in wild birds. - 

Semin. Avian Exot. Pet Med. 13: 50–66. 

Vogler, B. R., Zurfluh, K., Mattmann, P., Schmitt, 

K. and Albini, S. 2021.  Low occurrence of 

Salmonella spp. in wild birds from a Swiss 

rehabilitation centre . - Vet. Rec. Open in 

press. 

Wei, S., Wu, K., Nie, Y., Li, X., Lian, Z. and Han, 
H. 2018. Different innate immunity and 

clearance of Salmonella pullorum in 
macrophages from White Leghorn and 

Tibetan Chickens. - Eur. J. Inflamm. in press. 

Wessels, K., Rip, D. and Gouws, P. 2021. 
Salmonella in chicken meat: Consumption, 

outbreaks, characteristics, current control 

methods and the potential of bacteriophage 

use. - Foods in press. 

Wibisono, F. M., Wibisono, F. J., Effendi, M. H., 
Plumeriastuti, H., Hidayatullah, A. R., 

Hartadi, E. B. and Sofiana, E. D. 2020. A 

review of salmonellosis on poultry farms: 
Public health importance. - Syst. Rev. Pharm. 

11: 481–486. 

Wigley, P. 2014. Salmonella enterica in the 
chicken: How it has helped our understanding 

of immunology in a non-biomedical model 

species. - Front. Immunol. 5: 1–7. 

 


