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Abstract: 

The global rise in antibiotic resistance has necessitated the exploration of innovative and 

sustainable alternatives to traditional antibiotics. This study introduces "enzybiotics," 

enzymes derived from metagenomic datasets that target and degrade bacterial cell 

components such as DNA, polysaccharides, and proteins, as a promising solution.  Enzybiotics 

disrupt bacterial growth and biofilm formation through various mechanisms, such as 

degradation of cell walls, disruption of DNA replication, and interference with essential 

metabolic processes[1,2]  . Leveraging metagenomics, the study of genetic material from 

environmental samples allows access to diverse microbial communities[3,4]. These include 

those from extreme habitats and plant/animal microbiomes, which offer a source of novel 

enzymes with unique functionalities[5–7]. Advanced bioinformatics pipelines and machine 

learning techniques enable the efficient mining of metagenomic data, prediction of enzymatic 

activities, and prioritization of high-potential candidates. Unlike conventional antibiotics, 

enzybiotics offer versatility and function independently or synergistically to prevent or 

degrade biofilms. This dual-action capability positions enzymes as robust biocatalysts for 

applications in food safety, healthcare, agriculture, and environmental sustainability. 

State-of-the-art biotechnological tools, including protein engineering, domain swapping, and 

high-throughput DNA sequencing, have enhanced the discovery and optimization of these 

enzymes. This research not only highlights the immense potential of enzybiotics to 

revolutionize biotechnological processes but also underscores their critical role in addressing 

pressing global challenges, such as antibiotic resistance and microbial spoilage. 



 
 
 

 
 

This research demonstrates the potential of enzybiotics as sustainable alternatives to 

traditional antibiotics. By integrating metagenomics and advanced biotechnological tools, this 

study paves the way for novel solutions to combat antibiotic resistance and to promote 

environmental and human health. 

Key words: metagenomic, enzybiotics, biotechnological tools, antibiotic resistance. 

References 

 
[1] K.M. Danis-Wlodarczyk, D.J. Wozniak, S.T. Abedon, Treating bacterial infections with 

bacteriophage-based enzybiotics: In vitro, in vivo and clinical application, Antibiotics 10 (2021) 

1–36. https://doi.org/10.3390/antibiotics10121497. 

[2] Yamaguchi S, Yamamoto E, Mannen T, Nagamune T, Nagamune T. Protein refolding using 

chemical refolding additives. Biotechnol J. 2013 Jan;8(1):17-31. doi: 10.1002/biot.201200025. 

Epub 2012 Sep 11. PMID: 22965925., (n.d.). 

[3] G. Ariaeenejad, S and Sheykhabdolahzadeh, A and Maleki, M and Kavousi, K and Shahraki, MF 

and Salekdeh, A novel high performance metagenome-derived lignocellulosic biomass 

hydrolysis in the harsh conditions, (2020). 

[4] M.F. Shahraki, K. Farhadyar, K. Kavousi, M.H. Azarabad, A. Boroomand, S. Ariaeenejad, G.H. 

Salekdeh, A generalized machin learning aided method for targeted identification of industrial 

enzymes from metagenome: A xylanase temperature dependence case study, Biotechnol 

Bioeng 118 (2020) 759–769. 

[5] S. Ariaeenejad, K. Kavousi, D. Afshar, International Journal of Biological Macromolecules 

Enzymatically triggered delignification through a novel stable laccase : A mixed in-silico / in-

vitro exploration of a complex environmental microbiota, Int J Biol Macromol 211 (2022) 328–

341. https://doi.org/10.1016/j.ijbiomac.2022.05.039. 

[6] G.H. Motahar, Seyedeh Fatemeh Sadeghian and Khatibi, Ali and Salami, Maryam and 

Ariaeenejad, Shohreh and Emam-Djomeh, Zahra and Nedaei, Hadi and Kavousi, Kaveh and 

Sheykhabdolahzadeh, Atefeh and Salekdeh, A novel metagenome-derived thermostable and 

poultry feed compatible α -amylase with enhanced biodegradation properties, Int J Biol 

Macromol 164 (2020) 2124–2133. 

https://doi.org/https://doi.org/10.1016/j.ijbiomac.2020.08.064. 



 
 
 

 
 
[7] M. Maleki, M. Foroozandeh, K. Kavousi, S. Ariaeenejad, G. Hosseini, International Journal of 

Biological Macromolecules A novel thermostable cellulase cocktail enhances lignocellulosic 

bioconversion and biore fi ning in a broad range of pH, Int J Biol Macromol 154 (2020) 349–

360. https://doi.org/10.1016/j.ijbiomac.2020.03.100. 

  


