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Figure (1). Overview of targeted methods to manipulate the gut microbiome. (a) 
Administration of targeted prebiotics to stimulate the growth of beneficial microbes; (b) use 
of targeted probiotics and engineered probiotics to eliminate pathogens or directly change the 
functional output of the gut microbiome; and and (c) use of bacteriophages to eliminate 
specific species of pathogens or target pathogens with certain genes. By Lee et al., 2018. 

 

 

 

 

 

http://creativecommons.org/licenses/
https://doi.org/10.33687/ricosbiol.03.012.101
mailto:ha.abouelhag@nrc.sci.eg
http://www.https//ricosbiology.net
mailto:info@ricosbiology.net
https://doi.org/10.33687/ricosbiol.03.012.101


C
opyright: Copyrights retained to the A

uthors., O
pen A

ccess. This article is distributed under the term
s of the C

reative Com
m

ons A
ttribution 4.0 International License (http://creativecom

m
ons.org/licenses/ by/4.0/), w

hich perm
its 

unrestricted use, distribution, and reproduction in any m
edium

, provided you give appropriate credit to the original author(s) and the source, provide a link to the C
reative Com

m
ons license, and 

indicate if changes w
ere m

ade. The 
C

rative C
om

m
ons Public D

om
ain D

edication w
aiver (http:// creativecom

m
ons.org/public dom

ain/zero/1.0/) applies to the data m
ade available in this article, unless otherw

ise stated. 

 
RICOS BIOLOGY Journal 
2025, Vol. 3, No. 12, 47-55 
doi: https://doi.org/10.33687/ricosbiol.03.012.101 

  

 
*Corresponding author: Abouelhag A. Hussien 
ha.abouelhag@nrc.sci.eg  
Ricos Biology Journal ISSN 2959-3751 (E), 2959-3743 (P) 
www.https://ricosbiology.net                 contact info@ricosbiology.net 

© 2025 Copyright by the Author 
Licensed as an open access article using a CC BY 4.0 license. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (2): Orthogonal gene regulation by CRISPRa and CRISPRi 
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Figure (3): Delivery modalities for CRISPR-Cas-based transcriptional modulators. By 
Bendixen et al., 2023. 
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