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Research Progress on the CBASS System
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Abstract Over hundreds of millions of years, bacteriophages and bacteria have engaged in an ongoing
“attack-defense-counterattack™ battle. Through prolonged co-evolution, bacteriophages have continuously upgraded
their infection systems to breach bacterial defenses. Meanwhile, bacteria have evolved a series of sophisticated

and intricate anti-phage defense systems—also referred to as the “immune system of prokaryotes”—to protect
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themselves from phage invasion. As a crucial anti-phage defense mechanism in prokaryotes, the CBASS system

functions analogously to the cGAS-mediated antiviral immune system in eukaryotes. It operates in an ancient yet

widespread form to defend prokaryotes against phage attacks. Upon bacteriophage infection, the oligonucleotide

cyclase in the CBASS system receives signals and becomes activated, generating cyclic oligonucleotide signaling

molecules. These molecules then activate effector proteins within the CBASS system, triggering their lethal func-

tions to induce host cell death and block phage dissemination. This review introduces the discovery of the CBASS

system in prokaryotes, its components and functions, highlights recent research advances, and discusses its potential

applications in developing novel antimicrobial strategies and biotechnological tools.
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CBASS R4t %00 #8 7 CLIE T H IR ML B RIS 2 5 o G ) B IR AT Cap 2 A (RE 2 AHE F R 228 DR T AR AR T A R ).«

The core of the CBASS system consists of oligonucleotide cyclases and effector proteins. Ancillary genes are denoted as Cap genes (dashed boxes:

genes variably absent in the type).

El1 CBASSHRL5 L (L EIRIES % TRk [25]254R)
Fig.1 Classification of the CBASS system (this figure is adapted from reference [25])
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ATP: adenosine-triphosphate; NAD™: nicotinamide adenine dinucleotide.

1
Production of !
signaling molecule

Cell suicide

E2 CBASSALTEE
Fig.2 Model of CBASS system
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The cyclic dinucleotide binds and induces the inactive homodimer of CBASS phospholipase effector to form an active filamentous structure, leading to

membrane disruption and subsequent blockade of phage dissemination.

[El3 CBASSHASEE AR & B AR B 4 S R AL B (IR B 5 STk [46] 204R)
Fig.3 The anti-phage immune mechanism of phospholipase-like effectors in CBASS (adapted from reference [46])
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