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Introduction-Significance of PPI Network Prediction on Genome Scale

I. Most proteins conduct functions through

interactions, either permanently or transiently, with

other proteins

II. These interactions result in various protein-protein

interaction (PPI) networks, or interactomes, that are

essential to accommodate many important cellular

processes, ranging from transcriptional regulation

to signal transduction and metabolic pathways

3Ref: Huttlin E L., et al., Cell 2019, 162:425-440. 



Introduction-High Throughput Experimental Methods for PPI Detection

I. Experimental methods to elucidate these networks are,

however, limited and many of them, including yeast-two

hybrid (Y2H) and tandem-affinity purification (TAP), have

high error rates up to 50%

II. These high-throughput experimental (HTE) methods only

address the issue of what proteins interact, but cannot

provide information as to where and how the proteins

interact; this information is critical for understanding the

biophysical mechanisms of the interaction networks and/or

developing new therapies to regulate the networks
4

Ref: Montañez G., et al., Current Bioinformatics 2015, 8:339-346.
Archakov AI., et al., Proteomics 2003, 3:380-391.

Yeast two-hybrid (Y2H)

Tandem affinity purification (TAP)



Introduction-Experimental Techniques
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I. While structure biology through X-ray and NMR techniques could in principle
provide the most accurate structural information of PPIs, these experiments are
however often too expensive and labor intensive to be applied on a genomic scale

II. There are also many complexes that are currently difficult to solve due to technical
difficulties in protein expression and crystallization



Introduction-Escherichia coli (E. coli)
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I. In Escherichia coli, the most studied bacterial
organism of our time, for example, there are
only 1,559 out of the 4,280 protein-coding
genes (<36%) that have the structures
experimentally solved

II. The number of PPI complex structures is even
less: as of PDB database in June 2021, E. coli
only have 717 PPI entries, which counts only
for <7% of the ~10,000 putative PPIs in E. coli

Ref: Keseler I M., et al., Nucleic acids research 2017, 45:D543-D550.
UniProt Consortium., Nucleic acids research 2019, 47:D506-D515.
Burley S K., et al., Nucleic acids research 2021, 49:D437-D451.



Introduction-Threpp
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Results-Benchmark Test of Threpp on PPI Assignments
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I. To train and test the pipeline, we collected a ‘Gold Standard’ (GS) set of interactions:
positive samples 763 obtained from DIP, BIND and INTACT databases

II. The negative samples 134,632 compiled from protein pairs belonging to different
cellular compartments

Ref: Hu, P., et al., Plos biology 2009, 7: e1000096.
Xenarios, Ioannis., et al., Nucleic acids research 2000, 28: 289-291.
Bader, Gary D., et al., Nucleic acids research 2003, 31: 248-250.
Kerrien, Samuel., et al., Nucleic acids research 2012, 40: D841-D846. 



Results-PPI Recognition by Individual Threading and HTE Methods
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Results-Bayesian Classifier Models Increase PPI Recognition Accuracy of
Individual Methods
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Results-PPI Networks Reveal Dominant Roles of Essential Proteins in E. coli
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Results-Node Degree Distribution is Scale Free
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Results-Essential Proteins Interact with More Partners than Non-essential ones
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Results-Betweenness Centrality
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Results-Betweenness Centrality
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Ref: Zhu X., et al., Science 1996, 272:1606-1614.
Carballès, Fabrice., et al., Molecular microbiology 1999, 34:442-450.        



Results-Structural Modeling of Protein Interactome in E. coli -DmsAB
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Results-Structural Modeling of Protein Interactome in E. coli -YagRST
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Results-Structural Modeling of Protein Interactome in E. coli-

Comparison of Threpp Models on 39 Solved PPI Complexes
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I. There are in total 39 out of the 35,125 protein-protein complexes whose structures have

been experimentally solved in PDB since 2016

II. The average TM-score of the Threpp models is 0.73 for these experimental structures

III. Threpp achieves average TM-scores of 0.71 and 0.81 for homo- and hetero-dimers



Conclusion

19

I. The Threpp recognizes and models structure of protein-protein interactions in organisms

II. Threpp was applied to the Escherichia coli genome and created 35,125 confident PPIs

which is 4.5-fold higher than HTE alone

III. Graphic analyses of the PPI networks show a scale-free cluster size distribution, which

was found critical to the robustness of genome evolution and the centrality of

functionally important proteins that are essential to E. coli survival



Conclusion
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I. Complex structure models were constructed for all predicted E. coli PPIs based on Threpp,

where 6,771 of them were found to have a high confidence score that corresponds to the

correct fold of the complexes with a TM-score > 0.5

II. Two examples from DmsAB and YagRST complexes are examined in detail, where the

predicted models are found highly consistent with the experimental data from previous

functional studies

III. Overall, 39 complex structures were solved after the structure library was created, where 72%

of them have a TM-score > 0.5, resulting in an average TM-score 0.73 compared to the native



Server-https://zhanglab.ccmb.med.umich.edu/Threpp/-Homepage
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Server-https://zhanglab.ccmb.med.umich.edu/Threpp/-Homepage
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Server-https://zhanglab.ccmb.med.umich.edu/Threpp/-Example
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Server-https://zhanglab.ccmb.med.umich.edu/Threpp/-Example
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Thanks for your attention !
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