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immune system widely distributed in bacteria, is composed of oligonucleotide cyclases cGAS/
DncV-like nucleotidyltransferases (CD-NTases), CD-NTase-associated protein (Cap), and
accessory proteins. When bacteria are infected by phages, CD-NTases generate COs to amplify
signals. Subsequently, effectors are activated by COs, inducing cell death through multiple
mechanisms such as damaging cell membranes, degrading DNA, and depleting essential
metabolites. Accessory proteins are responsible for regulating the CBASS, ultimately inhibiting
phage infection. This review introduces the composition and classification of CBASS and further
discusses the process by which CD-NTases recognize and bind to phage RNA to activate the
synthesis of the second messenger CO. Effectors encoded by Cap effector genes mediate cell
killing by binding to COs, while accessory proteins encoded by Cap auxiliary genes are involved in
regulating the activity of CBASS. In addition, the immune evasion of phages from CBASS is also
discussed. This review helps to understand the detailed mechanisms and biological significance of

the interactions between phages and their host bacteria from the perspective of CBASS.
Keywords: CBASS; cGAS; phage resistance; anti-CBASS

F R S i AR W 0 A A RS T 4 i XoF
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Wik AT A 1) 300 A i v 400 BT 0 T 4 A 1 52 23 1 B
ABL I R X Hems s A, rp G 455 BRI PR 1B 1 R
4 (restriction-modification system) Fl . AR 1)
[ P 2t o] SC A2 7 1) 2R 4t M A O B I (clustered
regularly interspaced short palindromic repeats,
CRISPR-associated, CRISPR-Cas) & 4t , iX L& B
) 2R G o Ry S R O DR A /IR DNA, AT
A 08B L B A 1) A2

R 8 22 0 35 6 B I 7L 3h ) 6 R i &
e Z A o e AN T AFTE T RE R R, 9 n
Z 5 W B e R USRS % 2 (nicotinamide
adenine dinucleotide, NAD " ){Ciflt A & Toll BE3Z A
(Toll/interleukin-1 receptor, TIR) %5 ¥4 I} f) &
I R H R 45 G 5E 3R b 45 1 B (nucleotide
binding oligomerization domain containing, NOD)
FEAZ 14 (Nod-like receptor, NLR)ZEE MY, LI
LI SRR IR 5 It - e 2R B PR A A 5
(cyclic ~ GMP-AMP
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HECHMA O WFL s AT B3R GMP-AMP
& Bl (cyclic GMP-AMP synthase, cGAS)-STING
IR Ik S 3 — e B R — o A T B R
T AR (cyclic oligonucleotide, CO) YT
W RS HE R 45 (cyclic oligonucleotide-based anti-
phage signaling system, CBASS)!, % Z& 4i 7 41
wh o)z, HREA RS RE. TEshn
i cGAS 1ER CHE ) DNA 852 25 BRSO
4 e AMZHIEER R DNA; ¢GAS 1E45 5 DNA
Je 2 AL B RUES AR PR S T IR - R T IR
(2/3"-cyclic GMP-AMP, 2'3'- cGAMP), #kfijif
if STING i #% 1% T 48 2 i &1, e sh
CGAS I P BRI 0T T - R g8 SO i)~
ZOCHE %, cGAS il i fiE fb = Bk R MR
(adenosine triphosphate, ATP) #1 GTP & h¥ 2'3'-
cGAMP, J 3 cGAS-STING {5 5 il i ; ‘%4
&, 2'3'-cGAMP VN5 —A50-5 N BT B 1 #Y
T 4 2 5L A H #4H T (stimulator of interferon
genes, STING) & 145G, T30 STING 14
GRAAA, HETHE RN E S L S,
AT 51 i 2 R O TR R 3
(interferon regulatory factor 3, IRF3) 4% X+ «B
(nuclear factor kappa-B, NF-kB), 55 I I+ E
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KA R MM F 19 FR35, TG 3h 18 EHUs e
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40 04 Y cGAS/DneV K % 1T R % % i
(cGAS/DncV-like  nucleotidyltransferases, CD-
NTases) BB AV HEIER YL, JFE IFRIR A1 IR
(cyclic dinucleotides, CDNs){E M58 {51, B
ROV R M4, R TR R — A 5 e L B
PJ cGAS-STING il B AHZ A A BT TR Bl A = 121,
55 ¢GAS-STING il # A [/ Y2 CBASS R 4LHY
CO JIréhi & T i 2 [ Y CD-NTase AH G
[1(CD-NTase-associated protein, Cap) %% v 25 1 ,
IX LN AR RO 5 R R BEAR . A% TR
fit . N . ATP &SI ME, FIJE 3h 40
FEFFPESET, BH Ik W AR TE 1 AR A 41
T 00 650 Wt P 1A A2 4 B Ol A 2R L, 3k — o AR
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ORI A% AR ) rh & PR CBASS T W TR
WRGEHATER
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WF 5% N G038 o AR Y5 B 2 F ) g o3 i &
B, CBASS J"{Z 7 4E T 40 1 Al iy 4 B 35 A 41
o, BT — AN K B R R A B v e
A5 8 5 22122, CBASS %/ H 2 Fh AR [ %
Fa R — o e JR R W o A AR A 5 19 il (CD-
NTases), 5%/ M55 F CO; 55 —FplfE
JRO AT, BERS R EE CO, Ik
g A ALH . MEEZ T, BEAE MY
CBASS B 7 H A X 2 Fp LA 0 4 41 if g 15
CBASS #iBh K . Millman 25225 1+ 56 [H 25 7]
VEPE M, AR AN P E 5 756 A5
WA TR IR AL Bl S ), O X i 6 ol A= 4 5 TR 4
H ) CBASS #E4T RGP M. R4 CBASS
AL . ST IR I AR M 5 o T A
RN B I BE K CBASS 43y 4 A 3 Bk
B, i1 s, Horfo 1 A CBASS /2 i
o 5 77 B — 28, R AN Pl SR AT R 34 fh il 5
PRI QAR S IR A S D~ S S I P | i

CBASS 7£ I % CBASS 5Ll iR gmfs &z £
A DG 25 14 3 A e B S A5 T Y 5 0 A Al Bl
Sy TR | iV N i R = o1 B~ S e TR U S
W 4 HORMA F1 TRIP13 &5 #yk ; IV 7l
CBASS J&—Fl 5 UL CBASS, B T A ZEA )
2 AL e AN A GRS Cap9 . Capl0 il Capll
3ANHFEIEIN , 3 bkl Bl 3L R 4 A Y RN 2R
PEHEN = 5 e

2 41 CBASS ¥ Bk sguk

2.1 #AE CBASS BEHAEE AN

JUE AN TR Y CBASS 78 HAH I B (A J e v %
VG SCHEVE AT, (R PUIE pE R ML 407 — B
AN RNFHL, a0 CBASS H 00414 CD-NTase
B 0% P A ST PO ML o AT A . X T B 4
Kb, cGAS A5 4 )5 8 XUEE DNA FL#%
G54 IF Bl w0222 e A A A7 A H A [ YR
cGAS 1] i i 45 A % 7 RNA K &A% 8 A
=078, #2023 4F, Banh 0K U ER B
MW PR A2 2 7 A — ol A S Il IV 356 35 PR 2 3% 1
) 25 # fb RNA, X Fl RNA #% FK &1 CBASS-
activating bacteriophage RNA (cabRNA), JFf#{ ik
SiE CBASS S WM fil A #; cabRNA i 5
Jifi X %5 %4 Bk BT -CBASS (Staphylococcus schleiferi-
CBASS, Ssc-CBASS)f1 CdnE03 # k454 50
CO WY&, HEMIETG Capls AT I S U5
B, DR IP S A BRE AR 552 0800 W TRA Y
B2y R TH%E cabRNA 5 CdnE03 A HAEFIHL
i, B ABU#NT T cabRNA 5 CdnEO03 Z544 J
R, HWEREARRYTE 35S NG 2k
i/ NIV L (terS) AT R W Fi (terL ) A9 BE R Hh % 5t HL 24
400 nT ) cabRNA; cabRNA 5 CdnE03 ¥ 1L [iff
A RUE cGAMP G i, FEMTE CBASS ffiE
N BEJS CAnEO3 ML L7 AT (R~ fii 208 A1l
SRR SR I I IE B far R 0145 5 39 nT A1 49 nT 19
cabRNA, 1% cGMP & i, J5 3 i mk i 1k
B,
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#*1 CBASSERBINHIEERRBLER
Table 1 Summary of CBASS all-type manipulation systems and encoded proteins

CBASS Composition Protein  Protein type Signaling References
types name molecules
Typel  CD-NTaseteffector CapV  The membrane-destructive effector protein CapV is 3'3'-cGAMP [14]

activated and has phospholipase activity, leading to
membrane damage

CapE  The membrane-destructive effector protein CapE, when cUA [23]
activated, has phospholipase activity, leading to
membrane disruption

Capl5  After the membrane-perforating effector protein Capl5 2'3’-cGAMP [24]
is activated, oligomerization of the TM domain leads to
membrane perforation

Capl4  After the membrane-perforating effector protein Capl4 2'3'-cGAMP  [25]
is activated, oligomerization of the TM domain leads to
membrane perforation

Capl6  After the membrane-perforating effector protein Capl6 2'3'-cGAMP [24]
is activated, the oligomerization of the TM domain leads
to membrane perforation

Cap4  The endonuclease-type effector protein Cap4, when 2'3'3'-cAAA, [15-16]
activated, leads to DNA degradation 3'3'3'-cAAG

CapS  The endonuclease-type effector protein Cap4, when 3'2'-cGAMP,  [26]

activated, leads to DNA degradation c-diAMP
Type Il CD-NTase+effector+ Cap2  After the ubiquitination-regulated accessory protein - [27-28]
accessory proteins Cap? is activated, it can achieve the complete activation
(Cap2/Cap3) of CD-NTase
Cap3  The deubiquitination-regulated accessory protein Cap3 [27]
inhibits the full activation of CD-NTase after activation
Type Il CD-NTase+effector+ E2 The deubiquitination-regulated accessory protein Cap3 - [29]
(short)  accessory proteins (E2) inhibits the full activation of CD-NTase after activation
Type I CD-NTase+effector+ NucC  After the endonuclease-type effector protein NucC is 3'3'3'-cAAA  [15,30]
accessory proteins activated, it leads to nucleic acid degradation
(Cap6/Cap7)
Capl7 The activation of the metabolic exhaustion-type effector — [18]
protein Cap17 leads to the degradation of ATP
TIR- The activation of the metabolic exhaustion-type effector 3'3'3'-cAAA [31-32]
SAVED protein TIR-SAVED leads to the degradation of NAD+
Cap6  The regulatory accessory protein Cap6 inhibits the - [33-34]
activities of Cap7 and CD-NTase
Cap7  The regulatory accessory protein Cap7, when activated - [33-34]
by the phage protein, leads to the complete activation of
CD-NTase
CapH  The transcriptional regulatory co-protein CapH inhibits - [34]
the expression of CBASS
CapP  After the transcription regulatory accessory protein ssDNA [34]
CapP is activated, it cleaves CapH and promotes the
expression of CBASS
CapW  The activation of the transcriptional regulatory ssDNA [35]
accessory protein CapW promotes the expression of
CBASS
Type IV CD-NTase+effector+ Cap9-11 Nucleotide-modified accessory protein - [22]
accessory proteins
(Cap9/Cap10/Capl1)

- means no literature report.

>4 actamicro@im.ac.cn, 7 010-64807516



XIFEM 4| AR, 2025, 65(11)

4725

EME B RGE T, 5SEAZEY) cGAS #Hi
P4 52 K E AUEE RNA (double strand RNA,
dsRNA) T E 781 e 5 P s ML [R] 4
HY cabRNA J&— Bl i BE Gy [ P 1) 95 Ji AR AR
x4y F # 3 (pathogen-associated molecular
patterns, PAMP), ‘B REME4S G B I AY 1F Fi 3R
I, PRV AR cGAMP & A, T
CBASS eI ; SRT, #Ei CBASS i %
N7 PR 58 TR AR 5% A8 2 S BU™ A — Fh KB =Y
cabRNA, iXFf cabRNA JEik ¥ 1§ CdnE03; iX
oA B Y i R S A RNA K
BRI R IE VS s BT M h 4% 54
J 55 3 R BB 43 B% . Banh ZEBOVBIF SR 8 78 S A%
A ) CBASS FR Ak Jl i a4 I — o R 114
PR AR RNA RIS e N, X Fl RNA 5
16 G SRR 5, TR T 1 B e I
N KA s A TR RS SE ThAE cabRNA B
PREME b, A R A A TiReR S
CBASS #MbEF T AHEAEH , (HHEEWE )5 3h
AT RS A5 005 .

I A B, I TR A G i AK 7 (capsid) 2R
P ) PR 2 R A 5 A A1 0 5 T A it g 52 B %
I 74 CBASS HyHeikift, #R1 CBASS fifufifl
SIACTE B Il e H 92 I 28 v ELAR ML EH RG4S
JE— MR
22 WNERBIM AR

CBASS By 2 1 E 2l 2 &5
A, RPIAER S AT R S 445 A SR 40 i R A
SER IR . AR RN B R OGS A, A R
13 485 10 Bl G A 22 B 1) A A0 P ik & T 3= B AR
BLHI(E 1) HET, 78 CBASS 112 45 U0
A5 T 68 L T W A It 1 (I A 2 TR Ui XL
Gy PR . AR T T (A A W TR AR 35 A5 ) )
TS M (R PR OC B 1 32 ) DL S ATP i
P (FE 38 BE 1 it ) 11822) ) Cap 2500 25 (i 1
AT 1% LE RN A A D RE AR A T 40 L B R FIBH 1R
WERE AR s o, CBASS %4 M4 Fa Y
WEIRIF 5 T 4 I FE 7 e T 1 2% — P il

FEERPTE B AR A2 2018 4F, Severin 27
FEFLINEE (Vibrio cholerae) & ¥ CapV % DncV
B cGAMP U f5 BA BERREHEYE, Mk
Pt 235 Sl P A P A2 3 5 7 240 PR RS P 1) e g
HAMMIE SRS, S A AR e d2 A
Ji1 52 25 B AR CapV 8% cGAMP 3435, bt
o G5 ok A 5 i T < R A Rl 1 T H el e TR 44
Mo, DA M AR AR Mz
T, [FREEAT W BTG 1) CapE 15 f BUR AR i
S UL RARNIE AR, e R Y 1A A T
B ARE, PR AR 1 R (3, 3'-cyclic UMP-
AMP, cUA) | J2 fih % CapE 4 52 725 1k (1) 56 5 [H]
KW RS A, CapE RIS EM
o AT, dEI [ 418 i AT 4t
W TEEY . XFMFE L YR EZ 5 W4
P A R S, T A EE N 0 R
TEAFLAIFRL, TR A BEORAE P38 00 A A A0 o5 0 Bl
Z IR R ORI — R YN AR L IR Bl CapE 200 2K 1
PR MG ILASEAE, BT CapE SR ISR
BRI B TIRE, AE ST 2L A0 ;
Bl A AR IEE R B AL IR, Ao T B M 2 i
ﬂ:ﬂ%t[l4,23,42]0

BRONE AR T AN AN LA T i I A A 5 1
M H L C u s & A — DB BEIRE, B T™ 4544
Jaf (transmembrane domain, TMD), 4% {5 {di 4
RGBT 251 R R EHE, MG RAEE
Bib, ST FATL . BEEFLAYIE A2
FEUM NI TR EIN . ATP it M e
Pk, 2O BB R LS 5 R A IEAET .
n FR$ERIAY Capl5, 7F 2021 4F Duncan-Lowey
LERNL I Capl5 MYLHRLALEE N i TM B2iE Rl &
B —A> C Uil B ARASFIR, A ST B 200 i
DIEEBIEAETE ;s 24 C Uil P AW 45 A4 45 5 B
RIEZ RIS Capls STERENIE S S 2 &4,
TM Z5FB0E , BV A 1 SE R I AR NIE L
— AL, W ARAEIEL; BR Capl5 #MZ M AL
RIT IS T™M 4549389 CBASS #0315
W, ] 4 Capl4 (TM-SAVED) il Capl6 (TM-
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NUDIX), XEE8H A TM 25 #4938k R 2 i
SERACTE NI B2 FL R R R, I HAR
T BT Bl A 118 65 ) 38 1) AS TR EL A RS T A o B
BN 2023 4F Tak VR B Capl14 25 1 (10 5 R4,
¥ B (TM) 5 SAVED (SAM and HD domain-
containing) %4 4 3 il 5 J5 BE 08 75 4H 1 40 i o A 1
Y2 TE BT B AT B il %0 iE 2o W
RERHE: —J7 I, Capl4 (TM-SAVED) A 45 5
PEH 9 I 45 & | CdnB B4 S 8 A 2737 -
cGAMP; %—7J51fi, Capl4 #K#i TM-SAVED £
ALIE G5 5 (H 2 7B s iy s 273'-cGAMP
5 Capl4 W%5EG 2 Capl4 ALY R, Bl
JE AR TR 0 MR, R S A R AR A
AT A 5L 240 D 1 T Bl - F9B 33 T, 5 R 2
1 4 R YL o Capl6 () TM &5 #4385 W @ & T
NUDIX 7K i s BLC HUZ A5 #a 38n] U751 5 HoAth
F BOWE R R o, SRTMIAEXT NUDIX
PEAT A8 S U6 i K PR Capl6 4K 9% HA 40 it 55
PECOPT RS TR AN R Y TM 2543k & 1
HAhZ AT ge 45 3k, H TM S5 38 1) 5 R 1k
A HE T B0 N B SR ATS 2 15 S R A g T
I TR A2 Tl A DGR R 2R
2.3 WNEHEMEMEERSTEE DNA
LAY A% Tt 3 P 1) 2050 0 2 1 T 3 e o i
FH 5 DNA Ko b 4 35 DR] 2 B W o 1 52 il ]
WIF % AU . 2020 4F, Lowey 25160 i+
TRSMIFFE e 7R Capd RN & 1 B SAVED 4514
WS RRE Mg A, s H
DNA (double-stranded DNA, dsDNA) N Y ffFE P,
PTG J5 /) Capd REFE UKL DNA WK%, Ak
/NT 45 bp 1Y DNA FBe. A5 N i A EE F oL
A RGER TR ARAE 7R T Capd 1) 2 FiIh gL
A, AbCap4 il it H: SAVED 25443 ih.0s (4R 57
F1ASHE PR 28 A 27,37 3 - = IR iF R (27,37,3-
cyclic AMP-AMP-AMP, 2'3'3'-cAAA)s T, T
EcCap4 N3 i SAVED %543k N iy %) 5 1 22 I
PR 37,373 - PR IR 17 R B 1 R S 1 R (37,3,
3'-cyclic AMP-AMP-GMP, 3'3'3"- cAAG)/> T ;
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A4S 515 Capd KA S A8 I B
fb, MU ZRIEREWEHNERY; St
Brigss, Capd - RARGEAE /K AH B AR F S 5%
B, WRORTEPEL, SRS BT 5T, Bkl A SR ;
L HF9E B, Cap4 [ DNA 454 A6 A
HN s e E LR P51, XTSI a-
HELifE - R - o B2LE (helix-loop-helix, HLH) %% #4) 35 4]
fBl, AT 3E AT A AR SN DNA (4 54
PRI S e At A

Cap5 %V 25 1 i SAVED 2% 4 3 i1 — 4
HNH #02 N VI G252 i, HAE 4 Py I Bl
AbFARTEPEIR S A [ R AR s Cap5 AR M
A8 — R AR DL sg gy LHES, o g — A
SAVED Z5A s e i i) I F 454 37 2 - IR S
H W2 - I 1 B2 (3', 2'-cyclic GMP-AMP, 3'2'-
cGAMP) 5 2f — R 1 ik (3',2 -cyclic diadenosine
monophosphate, 3'2’-c-diAMP) 5 5¢ i, H T i 7] 2
TR ISR 55 5 fi7E 5 SAVED 4544
B4 G JE PR Caps DU LA PRHE T — 4%
I, s A AR S E A,
b2 AT A IR AL e s S AR R AR
SAVED 3 JE i LASE LHEFN (I B DU R 1A, &5
B A5 SAVED Z5 A A T R 454 AR
BRABEWTE G225, IR A FriE
SEHEAE B AEXFRY: 5 SAVED Z5F 38 13X
Fofi A4y 754 A5 AL B0 HINH PN B il 245 4 3a e % A AR
1k, # 4 ASFEARE HNH N YD Ak T %8 47
(1) 2 S5 R B0E AL OT5 M =258 HNH IR
BRo L5 1Y o B8 iE— AT B — 18T H B I —
BRAKIR N S, P Caps BA 2 30S K
RAKMIE A HA RN VIR, IR
DNA [fig),

[l HLAG AZ R N DI TG PE 1 NueC R )
TS o N = N S R @ A = = L e W 1 et
A S5, IR 17 B 412 Bl O X R I
SRARGE M, PR — AN 04, XA
A% B4 JES 5 R P e 2 5 2 e R R ) A SR LA B
He B A AR HEL R ITZE & 37,3737 - 38 = IR 1T IR
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(3',3",3'-cyclic AMP-AMP-AMP, 3'3'3'-cAAA)
O3 F R R RIS BREE ,  [R] A B AL 52 AR Ak
56 NucC = R4l JE 1 1 1) 16 8 S 6 22
A 33737 -cAAA F3 3 1 XFFR S 1T Ab 1 B 7K
#5 NucC = RIRSLBLE X BAE S A A3
BRI SRR, STEAZ IR P DTS P

Cap18 W5 [ SCHEE Y JLRN ELA A% R B
PRV AR, EASRIER 37 -5 RS
[[TRTIR & SO w1 £ B = (R NS R
fEZ 3| CapW. CapH DA N CapP #%5 5 [H F 2 [f]
FIBMRIJE A, TS CBASS %% 5% L
W DNA #i4j, Jf H Liang Z"V& 3 Capl8 7E
CBASS 1 E 29 il Bha =/ o, mEHE A
AP EBLE . TR, WEh)
FEE—Fh T s RS i, BRI 454 CO Ja s
H B IR BTG s X FIHLHI A A FE T CBASS
t, &I T M A CRISPR-Cas 245 ; /il L
TRAEEK TR W HO R (Streptococcus salivarius subsp.
thermophilus)f) Csm6 7E#% Cas10 & B AR 1
PR BTG5, 1T LAAS N X 3 i ok gt i = 0 0 1 1
() RNA, DA 1h W B Ak e Fn g g 044 gy o
16 30 ZFh I A CRISPR/Cas £ 4t H i & Bl NucC
IR, BATT AT BEAE A B A% IR il 1 X 46 R 48
R B A3 B Y B SE R R 20 A il s 1,
Lowey 5% CBASS H1 )™ 12 7 7 4 %8 17 5 e
SEVED Z5 M3k i 47 TR A M AEWE B2z 50T,
455457 SAVED b CARF & [ G 0 —
RO, FLEERs R 2 ALy . HAT CARF A
FEAE A9 0 S BT 5 X BB 5 AR AN B T
SAVED Z5 8 P Ui Rl AE X FRBC AR R AL, ik
UE—# 578 T CBASS 5 CRISPR $iji & R A2
] By AR AL T R
24 WNEAFBMABAERIE

2 P L FE R 1 B T B A A SR
Xof W3 PR B 2 I R 4 R 8 L, LY ) R 1
PEHLHIALFE . Toll/interleukin-1 52 14 (TIR) 4% #4) 45
AT sirtuin (SIR2)E 5 F Pk ] 4k 4 B
JIR IS — R (NAD At >45-461 . DI K dCTP

i i (Ded) 1 dGTP 7K fif Bl (Dgt) 41 7 14 it 48042
T R A B 45 . /E CBASS R4, TIR-
SAVED 7 [0 /2 38 o #E % NAD' >k 52 30 2 1 4
2% ; ‘B HH SAVED 51— TIR %R N VI
SEA ALY, R LVRIRE A e, BARER
NAD [ %, — H SAVED Z5 55 3'3'3"-
CAAA 1550 T4 A AR TIR-SAVED # [
KAFERM, SR —F A TR IR IR
SER s EESFRERE R HAR 22 nm, [A]HE 14 nm,
HE—RBf & 17 4 TIR-SAVED &E 14 T; X
G YIRAUT 22, I HA WIS IFRE# NAD' Y
TEPE, BACTEMNMISET; BN, CO RREMEN
—FEA T BAEEA T 333 -cAAA 554
F 1Y TIR-SAVED & FH LISk XT3k . xR 7
Heg s A T ik BANEGE . R KM TIR-
SAVED & AN EATEYE, Bk H A 415 i
KEE AW A RERE TG BRA L) TIR 2543,
W] BE 2 3 oF #6 3 NAD' 2K 52 81 4 B %0 92 11
Thoeris Pt Ve AR MBI\ T, — B H thsA Al
thsB 2 PSR ; A W B AR SR YL i ThsB 1K
1B R B BTSRRI NAD 44k
JIRIRFNZENE ADP-EZ SR ; 78 1 AY Thoeris
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Figure 1 Schematic diagram of the anti-phage mechanism of CBASS. CBASS is a bacterial immune system that
induces cell suicide through various mechanisms to prevent phage replication. When a phage invades a bacterial
cell, the phage’s genes or expression products can activate CD-NTase, (The accessory protein Cap2 binds to CD-
NTase, while Cap3 breaks down the interaction between CD-NTase and the target protein. The accessory protein
Cap6 inhibits the binding of Cap7 to CD-NTase, and the target protein can bind to Cap7 and promote the binding
of Cap7 to CD-NTase), thereby producing CO. Cap2 functions as a ubiquitin-enzyme, catalyzing the binding of
CD-NTase as a substrate to the target to achieve the complete activation of CD-NTase. These COs are recognized
by the effector-sensing domain, and the effectors are activated through ways such as DNA cleavage (NucC, Cap4,
and Cap5), membrane disruption (phospholipases CapV and CapE; Cap14-16 containing the TM domain), and
metabolic depletion (Cap17 and TIR-SAVED). Most effector proteins need to form oligomers to function.
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Figure 2 Regulatory mechanism of CBASS. CapH binds to the promoter region upstream of the CBASS locus,
constitutively repressing its expression. Upon phage invasion and the subsequent production of ssDNA, CapP
specifically recognizes and binds to ssDNA, triggering the activation of its enzymatic activity. Activated CapP
then cleaves CapH, thereby alleviating the repression of downstream gene expression. Meanwhile, CapW binds to
the promoter regions upstream of both the CBASS locus and its own gene, repressing the expression of both
CBASS and CapW. When the bacterial cell detects phage-derived threats (e. g., ssSDNA), CapW undergoes a
conformational change upon binding to ssDNA. This structural shift derepresses gene expression, enabling the
coordinated activation of CBASS and CapW.
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Figure 3  Schematic diagram of phage anti-CBASS mechanisms. Upon infection of host cells, phages deploy
anti-CBASS proteins Acbl and Acb2 encoded by specific viral genes. Acbl disrupts CBASS signaling by
hydrolyzing the second messenger, cyclic oligonucleotides (COs), thereby blocking effector protein activation.
Concurrently, Acb2 neutralizes CO-mediated signaling through high-affinity adsorption and binding to these
cyclic molecules. Furthermore, mutations in phage capsid proteins can abrogate CBASS recognition of phage-
associated molecular patterns, rendering CD-NTase unable to be activated and thus inhibiting the production of

signaling COs.
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