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Motivation and Aim: Protein secretion plays a central role in modulating the interactions 

of bacteria with their environments. Bacteria transport numerous substrates across 

cellular membranes via secretion systems that are essential for virulence and survival 

[1]. Initial bacterial attachment to host cell surface receptors is commonly followed by 

induction of signaling events that induce cytoskeletal rearrangements and consequently 

promote intimate bacteria–host association or bacterial internalization. These events are 

typically followed by additional manipulations of host cell signaling events such as those 

involved in attenuation or evasion of the host's innate defenses [2]. In past decades, low-

throughput [e. g. co-immunoprecipitation (Co-IP)] and high-throughput [e. g. mass 

spectrometry (MS) and yeast two-hybrid (Y2H)] techniques [3–5] allowed the 

determination of human–bacterial PPIs on an unprecedented scale, providing an 

abundance of PPI data that have been stored in a series of state-of-the-art host-pathogen 

protein interaction databases, such as IntAct [6]. Currently, there is a lack of specialized 

databases for the interaction between secreted proteins in bacterial secretion systems and 

human proteins. Existing databases are incomplete, lacking annotations, including the 

display of protein 3D structures, as well as the presentation of their interaction interfaces 

and functional sites. Here we introduce a comprehensive platform for the interaction 

between bacterial secreted proteins and human proteins. This platform contains data 

resources for the interaction between secretion system effectors (TxSEs) from ten 

bacterial secretion systems and human proteins. It provides experimentally validated 

Protein-Protein Interactions (PPIs), 3D complex structures of protein interactions, as 

well as displays of the interaction interfaces and functional sites of PPIs. Additionally, 

we will continuously update predicted PPIs in the future. 

Methods and Algorithms:  

Collection of experimentally verified PPI data 

We collected experimentally verified PPIs from five public databases (i. e. HPIDB [7], 

PHISTO [8], IntAct [6]) and recently published literature. We obtained a total of 

1,853 PPIs, In particular, we mapped protein IDs from different databases to UniProt 

IDs or NCBI IDs, gene names or protein names as query options in InTxSEs. 

Three-dimensional complex structures of PPIs 

Retrieve the three-dimensional structures of bacterial secreted proteins and human 

proteins separately from the PDB database [9] and the AlphaFold Protein Structure 

Database. For each pair of interacting proteins, InTxSEs will employ ZDOCK 3.0.2 [10], 

HDOCK [11], and AlphaFold3 [12] to calculate the potential complex structures with 

the highest docking scores. We used the obtained pdb to analyze the interaction sites 

using PDBePISA. 
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Collection of other information on proteins secreted by bacteria 

We used TMHMM 2.0 software [13] to predict transmembrane helix sites for bacterial 

secreted proteins, and SignalP 6.0 [14] to predict signal peptide sites for bacterial 

secreted proteins. 

Construct PPI network 

We obtained the secretion protein network for each bacterial species and the 

corresponding protein network for human proteins from STRING [15]. A JavaScript 

library Cytoscape [16] is employed to display 2D protein interaction networks for each 

bacterial species. A JavaScript libraries echarts shows each secreted protein and human 

protein interaction network. 

Results: As a major component, the InTxSEs online resource includes a comprehensive 

data module and a blast tool. Currently, InTxSEs offers 1,853 experimentally validated 

PPIs, 193 bacterial-secreted proteins, 102 bacterial species, and the main architecture of 

HVIDB contains the following key features: (1) For network information, InTxSEs 

provides a related human-bacterial ppi subnet for each queried PPI and a related human-

bacterial PPI network for each bacterial species, which can improve the understanding 

of the mechanism of viral infection. (2) In terms of structural information, InTxSEs 

provides 3D visualization of the docking structure of PPI and the corresponding 

interaction sites, and the interaction sites can be queried. (3) It complements the 

transmembrane information of bacterial secreted proteins, signal peptide site information 

and subcellular localization information, which can deepen the understanding of the 

mechanism of secreted proteins acting on human proteins. (4) InTxSEs has a blast 

module to analyze homologous proteins. 

 

 

Fig. 1. Main search and browse interfaces of InTxSEs 

 

 

 

Conclusion: InTxSEs is a freely accessible resource that provides comprehensive, 

downloadable PPI data on bacteria-secreted proteins and human proteins for maximum 

application. In contrast to existing human-bacterial PPI databases, InTxSEs specifically 

integrates multiple PPI data resources on bacteria-secreted proteins, enabling users to 

explore the corresponding biological applications of corresponding interaction groups. 

In terms of future development, we will regularly upgrade InTxSEs by integrating more 

data resources, developing predictive tools to add to the platform, and designing a 

simpler and more user-friendly interactive analytics interface. For example, we will add 

drug targets that act on secreted protein structures to InTxSEs, potentially accelerating 

drug target discovery and drug retargeting to fight deadly diseases. All in all, InTxSEs 

can serve as a one-stop knowledge base to understand humans' relationship with 
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pathogenic bacteria and develop treatments to address the ongoing challenges of 

bacterial infections. 
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