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R, AETAEABIALGEAT LYK T . EAMAN T, SRt HRE G MBI RS 45
BR(NAD MR M CBLEE, 1 H & & R+ CBULBE RADPHME KA A B R AEAE R, A5 AT 4K
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B ZaAk T A MA Y % IE R %, FHEANADKAEEEEPNADase, f& 48 H 4K % B AR B BT, 9%
ik KR 40 B AR R AINADY, A 5| AR R 69 a0 69 L=, HFA AW, Thoeris. SPARSA. Sir2-
HerA. DSR2#=Kongming % 5 # % %3918 i Sir2 45 MIRIR M AONADK BB L AEAE R . 2% £ &
N T X BA AL E ARG A 4, FHiTiE T SR MR E L KB P R AR E 2R, HRNT
% Je A% £ ) Sir2 NADase /589 3074 B AR HLH| 3 48E 7 388 1 3%,

XH#81a  Sir2; Thoeris 2 4t; SPARSA R 4t; Sir2-HerA 2 4t; DSR2 A2 4;; Kongming R 4t; it
Wik T 44

Research Progress on the Sir2 NADase-Mediated Anti-Phage

Mechanism in Prokaryotes
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(College of Life Sciences, Fujian Normal University, Fuzhou 350117, China)

Abstract Sir2 (silent information regulator 2) domain proteins, as a member of the Sirtuins family of si-
lencing information regulators, exists in various organisms ranging from bacteria to humans. In eukaryotes, the Sir2
domain proteins are NAD" (nicotinamide adenine dinucleotide)-dependent deacetylases. Functioning as protein deacet-
ylases or ADP ribonucleotide transferases, they are involved in regulating transcriptional repression, gene recombina-
tion, DNA repair, and the cell cycle process. Recent research has revealed that proteins containing the Sir2 domain
are extensively distributed in multiple microbial immune systems in prokaryotes and act as NAD hydrolases, namely
NADases. When bacteria are infected by phages, they can rapidly hydrolyze NAD" within the bacteria, thereby caus-
ing the death of the infected bacteria. Studies have shown that defense systems such as Thoeris, SPARSA, Sir2-HerA,
DSR2, and Kongming all function through the Sir2-dependent NADases. This review mainly introduces these five
anti-phage defense systems and discusses the crucial role of the Sir2 domain in phage defense, providing theoretical
support for an in-depth understanding of the prokaryotic Sir2 NADase-mediated anti-phage mechanism.
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THIX 5 25 A S 0t 4l A i T 22 18k k
HH A5 AN [ ) PR B AR A R G, 22 BUSRE Gn PR
#ill 4 A& i (restriction-modification, RM) % 4 5 CRIS-
PR-Cas 5 Gt i i i 5 11 TR0 I B Ad A MIEAZ IR S5 30 H
PERTAE A, A, 15 E R S SRR AR TR AT
[EP 4 J Y (abortive infection, Abi) |75 44 BG4t o,
AT R 37 A2 i 52 Wk T A 7 A B, b SR 44
T 095 B ANARAS 5 BRS B 2% R0 S 08 B 1 TR 2
WOE B, PR R AR R GuiE @ Abiy UK FE D) RE,
WICBASS. PycsarfllThoeris®”, — ELE Al TR 1 5 g ¢
YL, I E 50T, BER RO AR AN )
RBLds o J3—Fh AbiH WA R B R P15 &K (toxin-
antitoxin, TA) & %t, gl — X e M8 R E M
AREMPEE R E LB RNA, WA S0
B R A, BBOF BS TR 0 T, AT fid A A
JRGL 100 FEAH R % RS, A B B 4 R g b A
IF) (1 873 700 28 8 RAIR IR G, X 2L G e (Lt AH B PR
L EGERF A RS M, B T EIRBEH R Su4),
KIRERIR FEAN A T TS Sin2 85 M & B T
SHRET A B BB A R 4, 8IS K 3% NADasel 14
FEUNAD e , LEARIE A MIFIE & AR N AR I & 4% B 22
YER™I,

1 Sir2&5Hig R % I

Sir2(silent information regulator 2)/& Sirtuin£g
FFREI R R, A& — M NAD i 0 4 8 1 /AR &
2 LWEALEE (histone deacetylase, HDAC), it 5 &
LT BRI 1% BE(Saccharomyces cerevisiae)™, Hig it
A B AR R A R IR Tk Ak 2 ek,
BRSSPI NSTE - SPS RIS 9it M L e e 2 2 T
Z R BRI EAZ AV Sir2 [RIYR R 1, X [ 7R B
BEFIIR AL s eh O 2 0F 58, €48 SIRT1~SIRT7
LA, 2 5T 2 P A BTG S, A4 e S A
FERE 2. DNAME T 4N i J&] 35 ik f 05181 3L
WA e S5 Thae 2HRE k. (1) .
SIRT it 25 4 MEAk 4H 85 T H3K9 K p53 55 s A 1,
PR AR A A 5 A BB B ;- STRT2 DU ek 4k
EHRA R O AR R R A AR e v, R A A
HEREPY, (2) RRLATIRE : SIRT3ME LR AR 57
PERG < TR R, U 428 TR IR I Tt S A2 5 A TS 1, 2R
UL B BE AR Y, SIRT438 i ADP-4% #3548 411
A AR I U, 1T R ATP& Rl ) SIRTSIE

AR ) AW, ST A AR S R TS
B, (3) BN R SIRT6 i Gy o o 25 58 1 4 vify
R ARS8 1 S JRE S, T SIRT 73 i RNA SR A B 111
F LA ARG, —E RS EEE
5 B g,

IEAERWT TR B, & Sir2 45 M3k 1 & A AR
JRAZ A=W R AL R Y NADasedi P, g e
RIEW I R BRI, EREMRZOCEEN S
NAD KA, 159 40 B U B AR 97 180 32 4t (1) A% 0 3K
AR R 113261 32K 2 40 3 Ik PRV FE NAD 75 A AR
W, SRR SR, Haito S e
) Sir2 NADase/ 5 90 1% B 44 2 4t F L2494 Tho-
eris 24t ?'. SPARSA # 4 ). Sir2-HerA # 4t ),
DSR2(defense-associated Sirtuin 2) &4t 'LA I Kong-
ming RGA (LA RG)PI(E ). RERIAIR R T
Sir2 4514 381 NADaseidi P, MR 1 Sir2 45 #4387
Y BN B AR S R R B AR .

2 [E#xE4Sir2 NADase S0 E &
A%

2.1 ThoerisZ&%t

2.1.1 Thoeris# 4890 TR S5 k45t Tho-
eris RGUE RN —RKT 20 T4 5 B it
Wk T A4 7 18 R 4, LA T ML AR A R A AT B
(Bacillus subtilis) "4 AT B2, 2 248 th 4> 1)
RERLIRMI A : (1) TIR(Toll/interleukin-1 receptor)
SERIIE 1 ThsB, £t o7 U5 50 W 18 M4 AH 56 4 P
(2) RN A ThsA, il NAD /K fif 5 BUR 441 i
MR PESE TS (B 1A)327, ThsBI TIR 45 K45 7]
AL NAD* & eNAD ¥ 44H 17-3" gcADPRE 17-3"
gceADPRAE 543 T B, ThsA [ N-ii Sir2 45 4 15 H
A NADaseiii £, C-#i SLOG(Smf/DprA-LOG) %5 14
BRERE S RIS 5 40 7 P2 Thoeris R4t 1H
1T ThsB ) 2 BEIE S B W HUm 22 B # [ — 3£ X
£ N 2> ThsBAR R n] 5] TSPO1. SBSphil%
ASFI WG R A4, Thoeris % 4t H ThsBE [ 1 il Wk B 44
1775, TEDhRENLEE B 5 B A Cnshdr. HE9)
9% F 40 TIRER R B B A4 AH 26 7 F A
75 X2 AEE AL, XA R HEAE R AR ST
e,

2.12 Thoeris% 494 ME M EAE Ak
HLBE 5 73 T3 15T L W, Ths AR FEFHERA
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Table 1 Prokaryotic Sir2 NADase-mediated anti-phage systems
Ea 1 R B 2H B Sin2 451 B Dy g 275 R
System Host origin Core composition Sir2 domain functions References
Thoeris Bacillus subtilis ThsA (Sir2-SLOG), ThsB (TIR) The Sir2 domain of ThsA acts as NADase, caus- [27,33,35]
ing metabolic collapse by hydrolyzing NAD*
SPARSA Pseudomonas pAgo (MID-PIWI), Sir2-APAZ The NADase activity of Sir2 is induced by [28,52]
aeruginosa nucleic acid binding, catalyzing the hydrolysis of
NAD" into ADPR and NAM
Sir2-HerA  Staphylococcus Sir2, HerA (RecA-like ATPase) The NADase activity of Sir2 works in synergy [29,56]
aureus with the ATPase activity of HerA to clear the
phage genome through NAD* depletion and ATP-
dependent DNA unwinding
DSR2 Bacillus subtilis DSR2 (Sir2-MID-CTD) The Sir2 domain senses the activation of phage [30,64]

Kongming  Escherichia coli

(a HAM1-like noncanonical purine NTP

pyrophosphatase), KomC (Sir2)

KomA (adenosine deaminase), KomB

TTP (tail tube protein) through CTD and catalyz-

es the hydrolysis of NAD" to cause miscarriage

infection

The Sir2 domain of KomC is activated by dITP [31,68]
signaling, mediating NAD" hydrolysis to block

phage replication

T UAVY SR AR T SAFAE , FHe Sir2 45 #1808 i Rossmann
Pr S AL O, T SLOGSE K48 5 A1 A) # 52
24 1"-3' gc ADPR 4} T 15 SLOG 5 #4355 /K 1 485
ML, Ths AV R R AW REHE, HE K
WEHELT4ESE R . R SLOGH AR B oK 1 3 2038,
AHSEALSE S, v FSi2igtEdL =45 Al
¥, filbR NAD S5 A 47 55 10 28 [ AL BE 27 33— 25 43
&7, NADTE Sir2 i VAL 2 1 25 A 0B =
PR, LRI (4] 5 FR <7 Tk HL1 86 1 Jl S 4 Y
4% | T B PEE R4 R 43 B L 5 K AH B4 F A& 2 T Ross-
mann$f7 & i) B-a-BI IS5 . B0 JS B ThsAPY 3R
PRAEMR T 27 2 v S 3030 35 0 R AR AN, Sir2 45 A4 $AH
X T SLOGSS M3 i A= 12 3 IRtk g s | T B % 45
FINAD /K ffiEE . [FIRF, #EARA T ik 34~39
AR BRI TE 3% T SIr2iG AL SN 1, AR S0 i
FEHIZIA R AML RS, R ER HNADEE A 275, X
FAZFFRMUBIAUAERE T Ths AR A& R 1,
WOV ) Sir2 45 RS0 /N Z T H I R SR A T 4
P J: itk o

2.1.3 ThoerisZ & WL HAIH 5 3h KA
Thoeris % 4t $7t Mk B 44 B5 180 HL 1] 43 2 = A B B (B
1B). (1) {55 /8% : ThsBiEid —Ff K 20 ML 1) 8
KR TR AR N, P2 AEAS 540 1 17-3" gcADPR; (2)
L : ThsAFISLOGZE #4385 1"-3" gcADPRZ: &
25 KB e 47 4, 0T Sir2 NADaseid 5 (3) 18

WA 35 . NAD® [ S0 FE 085 5 S04 B AT 5t 5k
PG ANR I G BR P Thoeris Z 4t il i 808 2 A
(2 B AS B 2AS HHE e e mig N AEARIR EEAS 5 00 T
T, ThsA LADY SR A4 AAERR ZERIE M 10 w0k JEAS
G0 IR BN T B AT A0 P R 1) v o S R A, PR
R B B AR e A2 3 T R G PR v A AR
TE FAZ A5 5 I (W cGAS-STING) H [H] F 47
1E, 7 7 RS BAR AR B 3 g _EAFAETR
EHECREL . R Thoeris RGuE I ML HIR(E 5
[F] 22 JE R WG T AR N A2, (HL LR B 19 Ths AR 38 56
A BE HL A J5 SR 5T HoAth 2R AL Sir2 NADase /3
P A R G s R it 7 VA, K E
M AL IR ) 1) 78 75 41 R 58 —— SPARSA R
45, Halid Argonauted5 (111 5] 5 T RE S DR, 1 48
[e1) 575 70«

2.2 SPARSAR%E

2.2.1 Argonaute® & Kikt) e b ok Argo-
nauteff 2 AT HEZ S EZAED T, A
Argonaute(eukaryotic Argonaute, eAgo)fF N RNA %
FUTERE A 1K (RNA-induced silencing complex,
RISC)#% 024l %y, /£ RNAT-HL (RNA interference,
RNAT)F1EE R U8R R AR AZ O A 0, B2
™, JE#% Argonaute(prokaryotic Argonaute, pAgo)F:
AW 2R, B B4 BB A TR A IR AT
HARRINAR W iR ILAN P Ago% Jy—Hf i Ago
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A: Thoeris[ 25 #3541 B, B: Thoeris % 4t H Ths Bl i —Fft A< 1 (1AL S Junn e B 4 e 0, 0 ) 7= AR A5 5 75 5 3 7 17-3" gcADPR, ThsA SLOG
SEMIIBEEA1"-3' gc ADPR, FESir2 INADase i 4 4 3%, 8 id ¥ ANAD S &4 ustT .

A: the domain organization of Thoeris; B: ThsB in the Thoeris system senses phage infection through an unknown mechanism and produces the signal-
ing molecule 1”-3" gcADPR upon activation. The ThsA SLOG domain binds to 1”-3" gcADPR, which leads to the activation of NADase activity of Sir2

and cell death through depletion of NAD".

Bl Thoeris &4kt (A 15 B (IR1E S5 STEK 2711220

Fig.1 Mechanism of Thoeris system in phage resistance (modified from the reference [27])

HH, A& A MIDMPIWISS #3, 8% 554 Sir2.
Mrral TIR 45 A4 45 (1) 2 5T AH OC 9490, R~ 1) Sir2 Al
TIRZS 14 38 B A NADase i P B0 g AT 4L [F] 24 B
FipAgo R 4L, PRI HEXT AN A% 1R Rk B 425 114 77 21
TER Y. HETC& %€ MR pAgo R L EA =3
(1) SPARSA & 4 (short prokaryotic Argonaute Sir2-
APAZ system); (2) SPARTA R4t (short prokaryotic
Argonaute TIR-APAZ system); (3) SiAgo &4t **),
XU Z G E I HFENAD", 551 A, 5l &
PRI, SRR S ORI

222 SPARSAZ %y THMRE LM LA SPAR-
SARG] VZ oy An T 5 2= IR M B [ 40 K A e
(Escherichia coli) TV 4445 ¥l B (Pseudomonas
aeruginosa)], AIREFPER B ME TR /4. SECphi275%
I JEAAR B2, % R G0 R pAgo R 1 5 N-Ji il & Sir2-
APAZ RN 8 A R R — SR AR (K 2A), A pAgo
(11 PIW IS M B ST AL IR 51 %, 1 Sir2-APAZil id
NADase i AT RN D fig 2. ¥4 1 FLE 45 1 i A
LU, Sir2-APAZ B /K (7% 2, Leu213-Phe225) 5
pAgo PIWIZE #4485 32 [ 11 B 7K V1 4 B e Fa e 45
JLFEMI 9151 F RNA(guide RNA, gRNA)FIEE
DNA (target DNA, tDNA)HIE & P, (A ERR

T, BT Sir2 447 f H1865 NAD Mt %
FEPMPER A 8.2 A, FUbE A B IR A R 47 FH G v K
fi, FESPARSAKL T HIIHPIRA P, 24 SPARSA
#4915 gRNAFIDNAZ & 5, A A NAD B
i 1 PR DY SR AR, 5]k R AL A7 s H186 T 7E loop I
NAD 77 A R A5 ARIRLEE , (KT HE N AL
48, RIFEERIGEIER , SENAD KM, i
75 Sir2 NADaseY,

2.2.3  SPARSA % %69 30F HLb] 5 Hu7 | 4K 7 fe
SPARSA % 4t H71 Wk 1 44 b7 e AL 1 23 9 = AN B B (B
2B). (1) HHIFEL : Sir2-APAZAN pAgo il JE 20 % 1
—A~SPARSAE &), i@t BANIXT IR NRIZIR ;
(2) WEMT B : t(DNASS & ik Sir2-APAZI 784k,
B E SRR, 5 NADaseif M ; (3) RN
BY: SPARSA R %i K 4% NADaselif It , i i #6355 Py U5
PENAD G| KA MIBET: 2859, fEIX AN, Sir24h
Py 3 ) U SR A LT B 1o 2 () S i i, AL ik
% (His186/G1u220) ) 7 22 [ 5& NADased #6126
FEBY, X b AL RN 4 G HE RN BOE R 2k
BCHLAHI AL 2 B T SPARSARI 2 T ML, B oNFET
Sir2 NADase )% [F 445 T H T RS AE T B % .
SPARSA % 4t B nJ I8 ok B 437 1R 531 Wk B 2 2k D] 28 s B
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(A) SPARSA

B

Sir2 APAZ

MID PIWI

SPARSA

complex

|

SPARSA gRNA

~

ONAM
& S I%IO ADPR

Cell death T
Binding
SPARSA gRNA-tDNA NAD*
complex

J

A: SPARSA A5 HIRAL; B: SPARSA R4t 5 gRNARIUDNALE & )&, Sir2 W H: 4T, 1 INADaseiiNAD /K N ADPR, SE4IASET .
A: the domain organization of SPARSA; B: after the SPARSA system binds to the guide RNA-target DNA, the Sir2 is activated and acts as NADase to

hydrolyze NAD" to ADPR, resulting in cell death.

El2 SPARSARGHIMEE AR E(IREESE LRk [S411E250)
Fig.2 Mechanism of SPARSA system in phage resistance (modified from the reference [54])

TR S, (E T R DR G R S5 TR 4 S A 5 3 S e ik
. DRI, 4B R SE DR 2 W R B AR SR e
Sir2-HerA 2 4t P [F] 4% 2 PV, AN SE DA
JA T, I AT AT BRI T R DNA, M T 005 I 7 144
B, BN T 24 FE AR 0 A R A

2.3 Sir2-HerA &%

23.1 Sir2-HerA 2 %u894r T A5 7 fedstE  Sir2-
Her A& — )12 7040 T v 1 B W% i P 158 40 1 [
W& INEH (Thermus thermophilus) W £5 T (Halobac-
terium salinarum)|FIHUVE B ARB 1 245, H RecA
FE ATPH HerA 5 NAD /K fift g Sir2 20 i (B 3A). 1%
R R HIT4. TSR T B AR Y, H
DIREMHR T Sir2 - 5 I NAD #E3 )2 Her AR 5 1)
ATPREEE 1 1355500 846 22 73 Hr R B, HerAfE N
ASCE(additional strand conserved E)ifH Ak 7,
5 Nur A% FE S 12 Sir2 36 58 i U1, $onHAE
DNAE S 5405 B 57 451 H (14 0= A i 570,

232 Sir2-HerAZ &-Meytax 585 R X4
T (08 4 BRI R Sir2-HerA (SaSir2-HerA) () 45 K i
T, Sir25 HerA R 20354 1 MDalfiE o1+ \
RAR O, BT 1 Sir2 (R I H AR T AL IR
BEiE e, 5 HerA4S & )5, HUGMEA SR A MR &
I, ¥ AL N NADase. {HIFEERRZ, ATPIKE X%

SEYMThae A XA s ERH - 4 ATPIRE & T
0.5 mmol/LIf , Hoid it 55 4+ 14 45 & #0 i Sir2 i NA-
Dasei&i 4:; M HerAXT ATP 7K fi#(Kw=0.2 mmol/L)A
ACRT g R A, 34 T ST A TR T, S BN TR A ik (A
I AR BE S D E ), IX R 2 PR (ATPRE . NA-
Dase. fift BERG S A% B2 g ) [51/E F A Sir2-HerA R4t
RERE = OB RN R AL R, HALHIRALT B A
cGAS-STINGI# % (1) 24 B UK R o

233 Sir2-HerA & 46905 55) A4 SPAR-
SA F G4 iR AR 7 AL 4 S = 2B B (E13B).
(1) TS B - Mok ol e i DR 4L 19 52 109 3 ik R 1
ATPIEI SRS FE, AR ATPXT Sir2 AN HI1EH 5 (2)
RUSEBY B - HerATf] ATPRE S M4 9K 5) DNAfRIE, [FI
Sir2i# i NAD 7K 75 AR ot P (5035 o s 7 2k
DRIZH; (3) 2% b B Wl A s BT ok, 4 P9 ATP
AR, WP 181 7+ ATP(>0.5 mmol/L) = 5 4
Sir2(f) NADaseii P 314 Sir2-Her A 5 1 &2 & 14 fiFt
5, B TE E R IE R A FRAER, X —B 5T
i LA I8 5 < Rl 2 S R — 2K RS R S EE R IR P B
W, SEELT iSRS A A S R e R . 5
Sir2-HerA Z 4 ik #i 1 £ A RS A, DSR2AR S
AL B IR SR AR A L Coui AR IR AR A5 1
I} (C-terminal domain, CTD) "] B 45 A W g K 2 &
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(A) Sir2-HreA Sir2 > | HerA >
B)
% """" NAD degradation
Sir2 ’ o)
CE T dsDNA unwinding >
ssDNA cleavage )97 Cell death
Phage infection / -
ATPase  .____._. K
HerA Helicase ATP degradation | ----*
hexamer

A: Sir2-HerAIZE R R B: Sir2 G I BREF IS 1, Her A BB R NEBE £, Sir2-HerAR &9 24 WU BEIG M, S FGATPEGEE. NADAFIE M.
R E Tt 1 RO R TS P, A T — ol 52 0 1 v R D A AR ATL 1, A RECHb L e i A 11 s o

A: the domain organization of Sir2-HerA; B: Sir2 has nuclease activity, HerA has helicase activity, and formation of the Sir2-HerA complex have four

enzymatic activities, including ATPase activity, NADase activity, helicase acti
fense mechanism against phage attack.

vity and nuclease activity, which constitute a complex and efficient de-

E3 Sir2-HerA R E AR B (R IESE SCHk[56]1810)

Fig.3 Mechanism of Sir2-HerA system in phage resistance (modified from the reference [56])

£ M (tail tube protein, TTP), SZI 5 J5 N K14
PRABIE, I P4k K S ) IR AL 4R T SR TR
T S (%) BT AR R A

2.4 DSR2E%

24.1 DSR2Z%tynFiambhfcsst DSR2
ARG E— AT T 24 QP B [k 5 2 f A
(Bacillus subtilis)] B E44 & 4 Gz ML), v DLOR
Fili B 25 T T 40 P %0 52 SPRIFIR 3, HAZ 0 R0 2R
1 DSR2i# it NADasei 14 /-5 1 2= 41 Mo i AL 41 i
T, T 0 ) T A 1 0 B0, DSR2AR (I A = A
Thiedsk: (1) N-3ii Sir2 45 #3871 5L NAD /K fi#
(2) HRAIEBMID, f£ 1B 5455 ; (3) C-Iifh e
SERI CTD, H5 53 1 IR 51 W B8 7R TTP( 4A), 4
SPRWE B /A N2, TTPS5 DSR2 CTDZ: &, fii &
Sir2 25 MR A 14 S0, 5 EUNA D FE 5 [ sk e 4
FBET o A5 4 T ¥k Pl B 181, SP B B 7k 2 ) (1)
DSADI1(DSR anti-defense 1) 7] i i 3% 4 1 45 & 40 )
DSR2JF P, S g2 b i B0,

242 DSR2AGHehsEMmr S iRt IR
HLBEIT 7L B, B SRS DSR2LL i sk U A
TS, L Sir2 25 /3w s A% 0, T CTDAL T
G % 7, TTPER Al i g K AH FLAE AR e 4 &
CTDI -GS, 755 MIDKZE 12,7014 o-R2 e e i |
I AR Sir2 3G AL 1 (FRIEH158-E192) 1) 23 (B AL P,
B NADaseIhfE. #H/&x, DSAD15 CTD I FF i

R4y, BT R MID M 1A R WS 51534
KRR G IF I HLHIHE 7R T DSR2 M 5 (1) 73 1 5
fiti, CTD-MID-Sir2 () Z5 S AR IS 1 A R 1R 3]
RS S 53 5

243 DSR2Z%AWAERAKRE LR L RFHEF
B DSR2ARGHUNR BB BN 7 = A B (K
4B). (1) F2IRZS: DSR2VUEARMICTDAFIHA A,
SIr2¥ P OB MR T 55 (2) TGRS W AR T TP
5 CTD&5 & )5, MIDHIHY RAA AL 1 22 Sir2, 0 Sir2
NADaseii 1, 3 V1 FEATMINAD R 05 B 44 B3
(3) #MHPIRZS : DSAD15 TTP3: 4+ 5 DSR2 45 4,
RN DSR2AINADasedE M, M T 40 B £795 1),
T TR S A BN PG T A
SR B AR ] 1) 7 TGRSR NS AR AH B S Sir2
HAR ) NAD FEB ML B e 7 IR SEf 36, 5%
A RITER B A 2 TH) [ <2 46  B8 R IR A 11 42
T EERYE . U DSR2 AR B3 U I 44
SERER (S A, (B R S v BE R I DU
TR . BOH R ILHT Kongming R4 A1 1 HEZR
B R(E 58 SR B i MRV B R g
(AR (Wt EAL T R PR L B T dITPAE 5, ¥4
V5 AR (B TR AR T IR S e s filuk 4%, 6
N T AR HAE DU EE B A AR 1

2.5 Kongming &%t

2.5.1 Kongming % %894 T A MR 515 5 7 A AL
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(A) DSR2 [ Sir2 ] MID [ CTD ]

(B) SPR

Y
O rre
® (
+NAD*
m —— > NAD' depletion

Sir2 domain activation Cell death

DSR2 tetramer \ ————— Activity inhibited

Cell survival
D D DSP;DI/

SPbeta

A: DSR2IIASF I i B Wk PR Ak o e it 17 ) W 4 47K 2 45 4 1 T S5 DSR4 45 SR R AN 14, Y00 Sin2 485 3 (RN A Daase ¥ 1, 6 40 L 114
NAD', M\ 5 B0 e . WA A PT R IDSAD L@ 5 TTP 3 4P 45 & 4 DSR2 4 -
A: the domain organization of DSR2; B: phage infection is sensed by the recognition of the phage tail tube protein through direct binding to DSR2. This
triggers the NADase activity of the Sir2 domain to deplete NAD" in the cell thereby causing abortive infection. The phage anti-protein DSAD] inhibits
the activity of DSR2 by competitively binding to TTP.
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Fig.4 Activation and inhibition model of DSR2 system (modified from the reference [30])
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A: the domain organization of KomABC; B: phage DNK and KomA interact to produce dIDP, generate dITP via host NDK, and subsequently activate
Sir2 NADase of the KomBC complex, leading to the death of infected cells by consuming NAD". Phage-encoded Dmp degrades dAMP to dA, thereby

inhibiting dITP synthesis and thus resisting the Kongming system.
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Fig.5 Activation and inhibition model of Kongming system (modified from the reference [31])
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