2025, 65(11): 4817-4826 G =i
CSTR: 32112.14.j.,AMS.20250328 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20250328 http://journals.im.ac.cn/actamicrocn

Review EE5S

M e R ARG PN E E i it R

FHA, hEE

WL TR AW TR =B, Wil Al

WA, INRE . AN R GRS ShBE RGBT s R[], B 2EdR, 2025, 65(11): 4817-4826.
FEI Mingyue, SUN Dongchang. Research progress in bacterial immune system defense against mobile genetic elements[J]. Acta
Microbiologica Sinica, 2025, 65(11): 4817-4826.

W E: BHARAM AR @A RN EIN L@ BE gREARAZYONE. @B LS
B A B TG F I — R P SR R, TR E AR LIRS . Xk R R

RGRB LI R MR ANAR, EANRAZER, WRIANBRAZER G LR R K, R LRTEE, R
MR EE, RENBIAEZAOIA CHES TR, {128 5045 R E % @8 1T B R B #
R VA BT R B NARAZ B . AL SR RAM A AT, AT @@ ERF N ZHE
FL3T A IR AR, BB Z Bk E ELBNE, RMBFT IRy EEE543)
AR TR, LAHRETFEAIOEDBE AT IRE.

KA BERRAL; BHARAH; KPEABEH
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Abstract: Mobile genetic elements drive bacterial evolution, while exposing bacteria to the risk of
invasion by “selfish genes”. In the arms race with mobile genetic elements, bacteria have evolved a
range of immune systems that can protect hosts from invading nucleic acids. These immune
systems are capable of preventing the invasion of mobile genetic elements, degrading invading
nucleic acids, inhibiting the replication or transcription of invading nucleic acids, or inducing
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abortive infections to protect the population. Although much is known about the working
mechanisms of these host immune systems, it remains unclear how bacteria orchestrate different
defense strategies in response to different stages of nucleic acid invasion. Based on our research
and different immune strategies of bacteria to limit mobile genetic elements in different
spatiotemporal dimensions, this review summarizes and classifies the host immune systems. The
elucidation of these multilayered immune mechanisms not only reveals the arms race between host
and mobile gene elements in the evolutionary process but also underpins the development of new

biotechnologies.

Keywords: host immune systems; mobile genetic elements; horizontal gene transfer
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Figure 1

Degradation of invading nucleic acids by host immune systems.
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Figure 2 Host immune systems limit invading nucleic acid replication and transcription.
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Table 1 Several host immune systems involved in Abi

Host immune Sensor Effector Abortive infection

system

Gabija system NTP and dNTP depletion Nuclease (GajA) DNA degradation

CBASS system Cyclic oligonucleotide signals Nuclease, Membrane impairment and NAD"

Pycsar system Cyclic oligonucleotide signals

Thoeris defense Cyclic oligonucleotide signals

system
DSR2 increase

Turnover of the labile antitoxin or

DSRs system

Toxin-antitoxin

system antitoxin deactivation

bGSDMs system Unknown

Long-B and Short ~ Guide RNA recognizes invading DNA

pAgos
Type III CRISPR-  Recognition of phage-transcribed RNA
Cas system and cyclic oligonucleotides

Retrons system Phage infection disrupts the Retrons

Lamassu system Unknown

phospholipases, etc.

Oligonucleotide cyclase
enzymes

ThsA

DSR2

Protein toxin or RNA
toxin

Caspase-like proteases

pAgos and other
effector proteins

CRISPR-associated
proteins

Retrons

Nucleases, proteases,
etc.

depletion

Membrane impairment and NAD"
depletion

NAD' depletion

NAD" depletion

Membrane impairment, NAD"
depletion and DNA degradation

Membrane impairment

Membrane impairment and NAD(P)"
depletion

RNA degradation and ATP depletion

Toxin increase
DNA degradation and NAD" depletion
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