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Abstract: Acinetobacter baumannii (A. baumannii) is an example of an opportunistic pathogen that is 

generally harmless to healthy individuals but can cause serious infections such as ventilator-

associated pneumonia, wound infections, and bacteremia in critically ill hospital patients. A. 

baumannii produces many proteins within its genome. By analyzing its structural and functional 

interpretation, bioinformatics techniques can make it easier to understand this organism. The 

protein is still unclear, though. As a result, this study developed an in-silico method for functional 

and structural characterization of the uncharacterized protein (accession ID: SSI32830.1). These 

provide many characteristics in silico viewpoints, such as the protein’s physiochemical qualities, 

sub-cellular localization, three-dimensional structure, and protein-protein interactions. Protein-

protein interactions are explained using the STRING software. The projected tertiary structure 

evaluation was conducted using the Swiss Model. The best materials are chosen utilizing structural 

analyses based on Ramachandran plot analysis. This research sought to understand the function of 

A. baumannii. Therefore, this investigation will increase our understanding of pathophysiology and 

allow us to target the protein complex specifically. 
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1. Introduction 

A. baumannii is a Gram-negative pathogenic bacterium, and it is a nosocomial 

pathogen that causes a variety of infections in the skin, bloodstream, and urinary system, 

as well as high mortality and morbidity rates in humans [1,2]. Immunocompromised 

people are more likely to contract this bacterium, particularly if they have had a lengthy 

hospital stay [3]. Although this gram-negative bacterium was once regarded as a low-

grade pathogen, its high resistance to most clinically available antibiotics has made it a 

significant public health issue in recent years [4]. Many methods have been discovered 

recently to manage infections with this bacterium, including vaccination, monoclonal 

antibodies, and phage therapy [4,5]. The extracellular proteins of A. baumannii have 
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received less attention as possible adjuvant prospects. According to the findings of 

various bioinformatics databases and studies, these proteins play a significant part in the 

pathogenesis of A. baumannii [6]. 

2. Materials and Methods 

2.1. Protein Selection and Sequence Retrieval 

The NCBI database (http://www.ncbi.nlm.nih.gov (accessed on)) was accessed to 

obtain the FASTA format of the amino acid (aa) sequence for the Uncharacterized 

conserved protein (A. baumannii). 

2.2. Characterization of the Selected Protein’s Physicochemical Properties 

The ProtParam tool of ExPASy [7] was used to record the physicochemical 

characterization of proteins, including the amino acid sequence composition, instability 

index, aliphatic index, and GRAVY. Using SMS (v.2.0) [8], the theoretical isoelectric point 

(pI) and GRAVITY of the SSI32830.1 protein were also determined. 

2.3. Identification of the Subcellular Location 

By using the PSORTb (v.3.0.2) [9], BUSC [10], Gneg-mPLoc [11], HMMTOP v.2.0 [12] 

and TMHMM server v.2.0 [13], the protein’s subcellular localization was identified. 

2.4. The Selected Protein’s Functional Annotation 

Using the CD-search tool [14] on the NCBI platform, the conserved domain in the 

protein SSI32830.1 was predicted. The ScanProsite tool of the ExPASy software [15] was 

also utilized to identify protein motifs. The evolutionary relationships of the protein 

SSI32830.1 were detected by the SuperFamily program [16]. 

2.5. Protein-Protein Interaction 

The STRING v.11.0 server [17] was used to identify the likely protein-protein (pr-pr) 

interactions. 

2.6. Identification and Verification of the Chosen Protein’s Predicted Secondary Structure 

Secondary structural elements were predicted using the SOPMA program. The 

secondary structure was identified using SPIPRED (v. 4.0) tool [18]. 

2.7. Prediction of the Three-Dimensional Structure and Validation of the Chosen Protein 

The SWISS-MODEL was used to predict the three-dimensional structure of the 

chosen protein, and the PDB format was saved. The modeled 3D structure of the protein 

was also structurally confirmed using the PROCHECK algorithm of the SAVES program 

(v.6.0) [19]. The Z-score of the modeled Structure was also determined for the structural 

assessment using the ProSA-web tool [20]. 

2.8. Active Site Determination 

The CASTp v.3.0 server [21] was used to predict the active sites of the modeled 

protein (A. baumannii). 

3. Results and Discussion 

3.1. Protein Sequence Retrieval 

The amino acid (aa) sequence of the uncharacterized conserved protein (A. 

baumannii) (accession ID: SSI32830.1) was found in the NCBI database [22]. The protein 

tertiary structure was modeled using a 136 amino acid-long protein sequence. 
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3.2. Physicochemical Properties 

In order to measure physicochemical parameters, the amino acid sequence of 

SSI32830.1, which is present in A baumannii, was retrieved in FASTA format and used as 

a query sequence (Figure 1). Because the protein’s instability index is 30.59 (below 40.00), 

it is stable [23]. The protein has a pH of 5.52, which corresponds to its theoretical isoelectric 

point (pI) and shows that the molecular weight (15,569.78 Da), aliphatic index (75.88), 

instability index (27.54), and GRAVY (−0.228). 

 
 

(a) (b) 

Figure 1. Physicochemical parameters of the selected protein. (a) The protein contains Ala (5, 3.70%), 

Arg (4, 2.90%), Asn (10, 7.40%), Asp (8, 5.90%), Cys (8, 5.90%), Gln (6, 4.40%), Glu (10, 7.40%), Gly 

(7, 5.10%), His (4, 2.90%), Ile (7, 5.10%), Leu (10, 7.40%), Lys (10, 7.40%), Met (4, 2.90%), Phe (10, 

7.40%), Pro (2, 1.50%), Ser (9, 6.60%), Thr (7, 5.10%), Trp (2, 1.50%), Tyr (2, 1.50%), and Val (11, 

8.10%). (b) The atomic composition of the protein as of carbon (685, 31.89%), hydrogen (1060, 

49.35%), nitrogen (184, 8.57%), oxygen (207, 9.64%), and sulfur (12, 0.56%). 

3.3. Subcellular Location Determination 

The protein’s subcellular localization was evaluated using the PSORTb (v. 3.0.2) and 

BUSCA tools (Accession No. SSI32830) (Table 1). 

Table 1. Subcellular localization assessment. 

Analysis Tool/Server Location of Protein 

PSORTb (v.3.0.2) Cytoplasm 

BUSCA Cytoplasm 

Gneg-mPLoc Cell inner membrane 

HMMTOP (v.2.0) No transmembrane helices present 

TMHMM (v.2.0) No transmembrane helices present 

3.4. Functional Annotation of the Selected Protein 

The domain that appears in identical protein sequences is identified by the NCBI 

CDD tool. When comparing a test sequence to position-specific rating datasets derived 

from conserved domain (CD) alignments in the CD protein cluster, CD-Search utilizes 

RPS-BLAST (8, 29). The CD search engine discovered a conserved domain in the protein 

SSI32830.1 (30–32). The CD search engine identified a conserved domain in the protein 

SSI32830.1 as specific domain hits (accession no. COG3791). 
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3.5. Protein-Protein Interaction 

Protein-protein interactions are primarily concerned with understanding how 

biological systems function. Such connections provide an insightful platform for 

annotating functional, structural, and evolutionary properties of proteins and filtering, 

evaluating, and validating functional genomics data. The tool can map the relationships 

between various species and predict subsequent studies [24,25]. The empty nodes in the 

picture represent proteins with an unknown three-dimensional structure. 

3.6. Identification and Validation of the Predicted Secondary Structure of the Selected Protein 

The uncharacterized conserved protein (A. baumannii) was predicted using 

secondary structural elements using the default SOPMA program parameters (window 

width of 17, number of states of 4, and similarity threshold of 8). The Sequence Plot 

structure and the PSIPRED Cartoon were predicted using the SPIPRED v.4.0 program. 

3.7. The Three-Dimensional Protein Structure Anticipation and Assessment 

Ramachandran plot analysis and Interactive workplace analysis of the Swiss-Model 

server were used to compare the modeled tertiary structures to assess the structures’ 

quality [8,35]. The best template was chosen as a CENP-V/GFA domain-containing 

protein, and ultimately the tertiary modeled protein structure (Figure 2) was stored in 

PDB format. 

 

  

 

(a) (b) (c) (d) 

Figure 2. Tertiary structural prediction (a) The predicted three-dimensional structure, (b) The 

overall model quality by Z-score (−7.26), and (c) The local model quality assessment. (d) 

Ramachandran plot analysis of uncharacterized conserved protein of A. baumannii protein structure 

predicted by UCLA SAVES V.6.0. 

3.8. Active Site Determination 

The modeled protein’s 21 predicted active sites using the CASTp v.3.0 algorithm 

(Figure 7). A database server called CASTp can locate regions on proteins, outline those 

regions, determine their dimensions, and compute the areas of those regions. The top 

active sites were found between the area of 126.241 and 101.535 of the modeled protein. 

4. Conclusions 

The aggressive bacterium A. baumannii is often found in healthcare settings where it 

causes illnesses. The subsequent upsurge in prevalence attributable to infected frontline 

soldiers arriving from battle zones—and the substantial uptick in the incidence of 

multidrug-resistant (MDR) strains have greatly enhanced the prominence of this new 

opportunistic infection. Infections caused by A. baumannii have been linked to a wide 

variety of organ systems, and they have been shown to have a wide range of clinical 

manifestations and consequences. Although this developing pathogen has been studied 
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extensively, a minor is recognized about its natural pathogenic potency or pathogenicity 

assortment. This research aims to characterize the conserved protein of the bacteria that 

is essential for its survival. Secondary and tertiary features of the chosen protein revealed 

protein structure-based correlations and, therefore, more understandable traits. Because 

of this, the selected protein may be used as a target for developing protein-based drugs 

and vaccines against the protein, reducing the prevalence of bacterial infections. 
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