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Abstract: Bacteria are often infected by large numbers of phages, and host bacteria have evolved
diverse molecular strategies in the race with phages, with abortive infection (Abi) being one of them.

The toxin-antitoxin system (TA) is expressed in response to bacterial stress, mediating hypometabolism
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and even dormancy, as well as directly reducing the formation of offspring phages. In addition, some of

the toxins’ sequences and structures are highly homologous to Cas, and phages even encode antitoxin

analogs to block the activity of the corresponding toxins. This suggests that the failure of phage

infection due to bacterial death in abortive infections is highly compatible with TA function, whereas

TA may be one of the main resistance and defense forces for phage infestation of the host. This review

summarized the TA systems involved in phage abortive infections based on classification and function.

Moreover, TA systems with abortive functions and future use in antibiotic development and disease

treatment were predicted. This will facilitate the understanding of bacterial-phage interactions as well as

phage therapy and related synthetic biology research.

Keywords: toxin-antitoxin systems; abortive infection; phage; metabolic remodeling; CRISPR-Cas
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* 1 HWESSEEKRSRRFRGRIREBINEN TA R

Table 1 TA systems having nuclease functions that may be involved in abortive infections

Name Types  Sources Function Substrates References
SymE I Escherichia coli RNase mRNA [43]
RalR I Escherichia coli Non-specific DNase DNA [44]
ChpBK 1I Escherichia coli RNase mRNA [45]
MazF II Mycobacterium tuberculosis RNase mRNA, tRNA, rRNA [46]
MoxT II Bacillus anthracis RNase mRNA [47]
MqsR II Escherichia coli RNase mRNA, rRNA [48]
VapD II Helicobacter pylori RNase mRNA [49]
VapC II Mycobacterium tuberculosis RNase mRNA, tRNA [50]
YafQ II Helicobacter pylori RNase mRNA [51]
ToxN I Escherichia coli RNase mRNA [52]
GhoT \4 Escherichia coli RNase mRNA [8]
HepT VI Escherichia coli RNase mRNA [53]

Z 4. H7E M. tuberculosis il M. bovis # & 81,

HANBETE W B4 € I RNA 254y, £ W
M. tuberculosis Fll M. bovis 1) CRISPRs 1] fE4>
THARIE B ZRR , B RN AFR R
MBE Y, SR DB A, SRR
SRR PE R TA (88 XH)PY, Wif £
M) TA Z4EE LIS B 25 % DU s TR AR 28

H T WIER TA 2885 Cas2 8 1A Ay [a] P 5¢
F, AT EEZ I BAFE S CRISPR AR
WG Cas2 ZWASIEIN (Rv2816¢) #E4T T LhAE
YrE, KB Cas2 3 HTES BT B 50 i B
PReF o FEMEYR > B h B 2H Cas2 Sl
TE AT TR 1 R VD AR R D B A B URR, Cas2
EHIT#RIE T sigB. sigE. sigH 5k S 3L A
ARk, FEAR T Hk3e 23 B /e THP-1 E g4
JIEL P A7 35 2R 0L

5 RE5R%

W AR TCAL ASTE , 41 B 22 101 I 25 W 1 1Ak
FEPE R 7o ST BN 2 Tl s TR (A ) [ 4 2 20 7T
G 55, AE ik T CRISPR-Cas
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