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Motivation and Aim: Infectious diseases pose an incessant socio-economic burden on
our healthcare systems as we witnessed during the COVID-19 pandemic [1, 2]. Protein-
protein interactions are a key mechanism in pathogen infections of hosts such as viral or
bacterial diseases in humans [3]. Therefore, the prediction of host-pathogen protein-
protein interactions (HPPPIs) is crucial for understanding the mechanisms of infectious
diseases and developing effective therapies. Experimental methods for identifying these
interactions are time-consuming and expensive, and there is a need for efficient
computational methods to predict these interactions.

Methods and Algorithms: In this study, we propose a novel approach for predicting
HPPPIs that combines sequence-derived structural features with de novo sampling for
negative examples. Firstly, we extract structural features from the amino acid sequences
of the host and pathogen proteins using a computational tool. These features include
pseudo-amino acid compositions (PseAAC), autocorrelation features: normalized
Moreau-Broto autocorrelation, Moran autocorrelation, Geary autocorrelation,
composition, transition, distribution, and Sequence-order [4]. Then, we develop a
machine learning model that combines these structural features with the DeNovo
sampling of non-interacting proteins to predict HPIs. The DeNovo sampling technique
and sequence-derived structural features increase the likelihood of identifying novel
HPIs and improve the accuracy of the predictions. To evaluate the performance of our
method, we apply it to a dataset of known HPIs and compare its results with those of
other state-of-the-art methods. According to our findings, our method performs better
than other methods in terms of accuracy and sensitivity.

Results: With leave-one-family-out (LOFO) cross-validation we have used three
different classifiers (SVM, RF, and XGBoost) and three different types of feature
representations (Composition, Substitution, and SDSD) to evaluate the performance of
our proposed machine learning based model for host-pathogen protein interaction
prediction both in terms of area under the ROC curve (AUC-ROC) and area under the
PR curve (AUC-PR). For bacteria as host, our proposed model for host-pathogen protein
interaction prediction achieved a maximum AUC-PR value of 76.55 % using XGB along
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with sequence-derived structural feature representation. Similarly, for a virus as host,
our proposed model for host-pathogen protein interaction prediction achieved a
maximum AUC-PR value of 77.21 % using XGB along with sequence-derived structural
feature representation. On an external validation dataset our proposed model for
predicting host-pathogen interactions performed better, with AUC-PR values for viruses
and bacteria of 77.77 % and 83.38 %, respectively. We have also used some benchmark
datasets such as Zhou’s HIN1 and Zhou’s Ebola [5], Denovo Slim [6], and Barman [7]
to compare our method (Proposed) with some state-of-the-art methods such as
GENERALIZED [5], DOC2VEC [8], DENOVO [6], and MTT [1] by using F1 score.
Conclusion: The use of sequence-derived structural descriptors provides a more detailed
representation of the proteins involved in the interaction, which is more informative than
simply using the amino acid sequence. Our approach also includes negative samples
generated using a de novo sampling approach, which is a valuable addition to the existing
methods that rely on random negative examples.
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