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Progress of type VII toxin-antitoxin system in prokaryotes

YE Le, ZHEN Xiangkai, OUYANG Songying

College of Life Science, Fujian Normal University, Fuzhou 350000, Fujian, China

Abstract: Toxin-antitoxin systems (TAs) are prevalent genetic elements in bacteria, archaea,
and prophages, which are usually composed of a growth-inhibiting toxin and its cognate
antitoxin. Toxins are stable in bacterial cells, while antitoxins are prone to be degraded by the
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ATP-dependent proteases. Most toxins are proteins and have enzyme activity, which inhibit
bacterial growth by affecting important life activities such as protein translation and DNA
replication. Antitoxins are either proteins or noncoding RNAs that neutralize the toxicity of
toxins to bacteria in diverse ways. The available studies have demonstrated that TAs function as
plasmid-stabilization elements, provide defense against phages, and promote biofilm formation.
As the research deepens, increasing novel TAs have been discovered, which improves our
understanding of TAs. At present, the classification of TAs has been extended to types [-VIII.
This paper summarizes the recent discoveries of new TAs and focuses on the type VII TA in
which the enzymatic antitoxin chemically modifies the toxin to neutralize it. Since TAs are
closely associated with the pathogenicity of pathogenic microorganisms, in-depth study of
these TAs can provide new targets for the treatment of drug-resistant microorganisms.

Keywords: toxin-antitoxin (TA) system; type VII TA; post-translational modification; treatment of

drug-resistant microorganisms
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1.1 TETA

TE 1A TA t, HUEER & RNA, BEGEIMH]
B R mRNA BIBIFED. BB 1R TA 2
hok-sok Z4:', 1 8 TA h 5 ERZ B4
2 P R 8 R PR ) /N K IR, R R A LRSS,
w240 FE KGRI hok-sok REGiH,



MARSE | fZE W24, 2023, 63(3)

995

I
NVAVANS 3 NN NNV
. o ] }' P4 boog
NN @ e f' - o0 O o6
v J N PY i) Stable \ / Inhibit
~ - ® ¢0 cytoskeletal cytoskeleton
o e (9 o & : .
Inhibit translation Inh1b1t protein RNA-toxin protein fom'fatlon
of toxin mMRNA synthesis or DNA  ¢omplex Cytoskeletal protein
replication
Type I Type 1 Type 11T Type IV
AR I U A ey
@ D .. .. c'lo
L)L .\l/ ¢ f A
\/\KQ/ y X Hijack tRNA
~ o pm ‘E‘ o 8 o TN
Degrade toxin Degrade toxin Toxin protein is Cas- ant1t0x1n RNA
mRNA protein modified complex
Type V Type VI Type VII Type VIII
1 TA RGHERHRFMHLE"
Figure 1 ~The classification and the neutralization mechanisms of TA system!®’.
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SHEREERENEZSY, NnibagRMY, 5
1A TA R[], 3K A Rl 7E R — R s
PraE E — M FRe R I L™, 7EE IRk
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PRI TE P, SR HipA A B FHF
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%5 MreB fll FtsZ fE 456G, T dgiis2e,
THEREEZ ChtA AYEEPERY,
1.5 VE TA

V B TA iR EENR, HEAEERYS
BERAG, MRS FEMHEERN mRNA, #0H]
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JAET:, HLEER GhoS H A BBHEIR N IEES
M, BERSIEAR R Z E T GhoT AY mRNAP,
1.6 VI#E! TA
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Rv1045/Rv1044 R4 fil Hha-TomB R4, VIIE
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I, B 2 LK 3D B & (cascade-repressed
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5 16S rRNA 3455175, CreT Xf tRNA"
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R (PolyP)iififk. Lon 25 1/, Lon & [ ] DI
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TR, SEEFERMNIERS. HEYE
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SOS S — it i 75 5 5L 48 1 RIFITIZY TA K
ITRS KR AR CHIE A (T IA, F A A S
Wz, WK (Salmonella)#E 2 TacT ik
AT Z e -tRNA, ISR A A e, Jf
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BE 3L R OCIRTE LR VE . AN VBNC RS
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FIRIRAR M, HET AL TA RGBS S5
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FBI I8, R A 8 v 28 & bl ™, i
B EE R I DNA K K 2 R R AL
#F mRNA WL 0] 40 0 o 22 45 0 i A= 4
VBNC RASHITE ,
2.3 EIHBRAIRZ AR
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$E@E_§(Pseud0monas aeruginosa)@ﬁ%ﬁﬁi%
PR, XHHUaE B BIEALE Y TA RES5 49
PR BT B DA T dE T 8 TA R&%
sprG2-sprF2U 118 TA 255 hicAB . priF-yhaV
1 yafNO™™ , VI TA 255 ghoST™, VIIE! TA
Z%; Hha-TomBP", #4k Uk B GEGS 1 3 52 ma 41
ARV I B fe e BLRE S H 45 2k
PR L TA RERE mgsRAPY ., Hig R
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R R P18 R MgsA, 30 RpoS 21, /&
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N ST WA/ 3PS U R A KN R
WY Bos TA 5072, 51k 4 i i A 4t 5
A, BLIE WP R TE A BRI P 22 ki
FFH K-12 (Escherichia coli K-12)" & LAY
TA ZGH MY rnld-rnlB 25 0] UL 3 FH 1 T4 1§
A R Y, 2 0 B AATE KA T b A i
2 R T A TR 40 A b — SE SR ) Rk, Horp AR
PraE RN rlB, I HAMEHHi5: R RalB A f2
E, RO, RSB EER RalA B
FRI R ke, D0 240 B v 240 B FH I R 1A ) mRNA,
O T 13 0 W B A R B A T PN P B ) Bk
PAAR, 7 TA 41 toxIN F tenpIN 5, WIRES
2 2 i A0 TR 0 R, AR LR ALK A
(Lactococcus lactis). & YeHHF 0 (Photorhabdus
luminescens) MIRIAFF R . IEH KT, HLER
ToxI fEfF SHRE T ToxN BRI EZ AW,
P EER ToxN MMM, YWE AR AMZ AN EET,
FFE BRI R ToxI FEff, BER ToxN #iF
B, T TA R R ToxN HHA RNA i
T, 23 V0 A B I TR A R TR mRNA,
A FHAMAESET- Y, FEERIKARE, B
PR A HCHUE I TA 635 18 TA R4
hok/sokP LI K 1% TA £ %4t MazEFP®! DarTGE”
S, XM TA WEEMSIE LIS i R, R
FERL W TR A L AN T, AT A R BHL 1 1 7
Mt ds . HeAh, 20T Y B AE 2 e AR TP AL T
TR BB & F, I TA & %8 n] el 3 13 [A)
AT H AP RS, W CRISPR-Cas R4, MR
e RS, BRG R IERPUEE AR
RERY,

3 VIA TA WHFRHE

HETE LA VIR TA kA% KK
(Shewanella oneidensis)i¥] HepT/MntA Z%%, 45
1% 43 BUFF T8 (Mycobacterium  tuberculosis) 1 HY
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Rv1045/Rv1044 258 VIS BB IR 7 F g 9 1 (Yersinia
enterocolitica) ') Hha-TomB 24, WK 2 s .
3.1 HepT/MntA £%;

HepT/MntA ' {ZA7AE T 40 Ay o v 500,
38 o 0P EE P L B E T Hep T/MntA A i —Fh
B TA, {HE % HEPN HRMIA w2801, %
T HEPN ByZhae Ll S HAh TA B RAYIhRE, ff
Il HEPN FJ 2 HA RNA B8, i Y1 H AR TR
Y RNA (tRNA . mRNA #il rRNA) #{ HEPN A
PR El ompAd mRNAPY, FIFT X-5F4k 5
T2 H R AT HEPN/MNT &Y 45k, &
M HEPN/MNT DX 6:2 1) FL lIE jl— A~ S /A 2R
T, XARFFREZE TA 1:1 554 H 120,

0,
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Cell lysis, biofilm <—— .
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HEPN i id — AL —1 v B HE, HAE
SR RXy-6H EIGEFALT VO ALAREN, T
MNT 0| =% 5 HEPN A9 o2 fl ad A EAEH, Xt
Frh#l HEPN M4E4 B2 XEEP F MNT
AfLLE LS HEPN B H 3 A0 B AR b i #
P, HEPN/MNT ) gl 2Rl TARY, (i
A TA Bl AR R 2P EE R MNT 2 — P HA
AT RS RS s & 1, mAEIR TA Hhit
RO H B W SR R 45 M8, ks, HEPN
—AMESERY R70 %FT HEPN/MNT i tf i 3]
KHEME, WRAIRZRAE R70 FEAS L DL IR
HEPN/MNT #9 A0 EAER, X ARME AT TA
HefrRrll,

H=G=0= P—OH
PIIN OH

Ser78

Inhibition of
translation

. ~
. ~
’ -@ ~

Ser78

oo D o

l
s

3ATP
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E2 VIE TA 2B RHESFHZH MG

Figure 2
chemically modifies the toxin to neutralize it.

l

l Tyr104

:: “ Bacterial growth inhibition

Summary of the type VII toxin/antitoxin (TA) systems in which the enzymatic antitoxin
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k5% % B, HEPN/MNT 3£k 1}, SDS-PAGE
45 7R HEPN [ 401 B i 5 T Bl 2 ik 1Y
HEPN (K% 1 kD), 3K 0 MNT 571
GSXoDXD Z54him548f5, HEPN Zpfii A
PARR, XM E B K HEPN nJRE R @I R
MNT #1771 HFEHE 16 B /N T
TR B i R A5 H B P EE R MINT, i K
AT DLREAZ B IR 5% % B HAA R B 2 AR |
FE XA IR R I iR —ERE . B
JaiE it HPLC/MS 43 #74: PDE [§t])5 1Y) HEPN
B = LA I f AR S5 R, R AN R HEPN 1
Y104 #i5%% E T 3 4~ AMP, it HEPN &
PR RS R B R L, KB Y104
PRFFER A 1 5 2 T H: RX4H loop [i] HEPN .
RARTE 1 0 VB HE AN K e T — A i i LT
180° e 120, I ik 3 4> AMP %52 HEPN
— A IE R A X, A4 HEPN — A
SFRY R70Y, [k, HEN HEPN ()RR TR L 15
W RE G TS R A A AL R

[R5 4N (Aphanizomenon flos-aquae)
1 I-D CRISPR-Cas [fif i — %} HepT/MntA F
ik, AR R B T 254, HEPN 7] LU tRNA
3 YIRR 4 nt, M08 B B fE , 4k
ST B = A PE, T MNT FIF ATP BT
HEPN [ loop HILRSFHY Y109 Heffr ik 2 4
AMP, i THEARYBES, MEEes
RIER HepT/MntA R4t , E&LWHiE XM+
R T 05 2 0 FLRR T MR Ak A& 0 , SR R
NIEHE R 2 HEBBEOE E AR, ULERE
HA AR AN ZAH B 2 E BB IR IR 250
3.2 Hha-TomB Z%;

Hha-TomB F 4 & /776 T HR /R =F R R
MK E R TA, KIBHFE ) Hha-TomB &
G5 WHRRAIE A ¢, % Hha AT LUK
J AT TR EE 0 e R a2 2 S B0 TR Y 2R
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fif, MHLEEE Tom AJ LU Hha kLMY, £
BT R B EE S TomB 7] LUK # % Hha — 4
TRSFRE AR C18 AfLi-SOxH, 58w
ke AL, PAHEEE, g NMR
fEMT T HR/RF R R PLEEE C117S YmoB
g, RMEH—"ME 4 DREATR
o SRR C R — /0 o BBIETE B — 1R 2
fZike, Hop C117S 7 F C i/ o BZE,
A TR TA Z M # R SR B E BN E
G, Wi PN AREH C117S YmoB & ¥ Hha
il TomB =[] U WAt (9 A BL/E T, i NMR
KB TomB —4~E5FH) ES3 XFF Hha 5 TomB
) B AR AR B O
3.3 Rv1045/Rv1044 Z%;

GEAZ AT RCFT TR ™ G NS R — 2K
Ji J5L TR, RvO078A . Rv0836¢c . Rv1045 Fl
Rv2826a J& T —RIEEAR AN DUF1814 Kk
HACT, CATEAE — AT R 5 A 1 45+ 3k
(nucleotidyltransferase, NTase), NTase H.AG 4 >
PRSI motif, AP N 3% T I motif Al DNA
RABERA AR, LGS 54 R E T
EEIFMTL TR, T C WAYIL motif
il RNA R EARRL, AT DLFE AR B 1Y)
tRNA 3" K5 U IN-CCA, T VI motif W AT LA
5 motif JEMUfEfL 0, S5 4 4
DUF1814 # % & AR THLEE R AR 1T iE,
H:rp RvO078A F1i7 Rv0078B Zwfh i~k 68 4~
RAEMREAHSHHR MazE HA [FJEME,
Rv0836¢ Fll COG4861 L K 21 Jif,— X} TA,Rv1045
Hl Rv2826¢ 7371 5 Rv1044 . Rv2827¢c 41J%, TA,
IF HA B2 Rv1044 Fl Rv2827¢ Xf T-45#%
Gy BOFE BRI A A 43 O

Rv1045/Rv1044 (“mycobacterial AbiE-like
NTase toxins/antitoxin MenT3/MenA3”)ixF-#IA

HHEIVEL TA, Rv1045 it & 58 R AE 21
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IR R4l TelT (unusual type guanylytransferase-
like toxin), Ifi Rv1044 %l & &P i ZNHER
20 5 1R 3 H B4 TakA (unusual type of atypical
kinase antitoxin)”', Rv1045 {F h—HA 51
HREHGTERN R R, WSS NTP, fili ATP,
GTP. CTP 4%, F#ilXt+ GTP HAT Ml 17,
Rv1045 XF KM #F B 09 A K S0 6T DLk Rv1044
R, BRI Rv1045 Fl Rv1044 2 8] 7] DL 340
HAEA, XARFTFIVE TA, Rv1045 H5rHE%
(L5 A8 7R B I RE AR S A S XK, R N- 4
¥4 5, (N-terminal domain, NTD)HI C- 3t 45 ¥4 1,
(C-terminal domain, CTD)4L A, Hirp N 3 45 4 35§
H— ML BRI RO MTE o 915,

M C Izl 5 4 o B2 e %, NTD #1 CTD
Z A —A 1, f5FRY D80, D82 il E146 i T
NTD #l CTD Z[EIfES, o, XMERE
A IE L ESL R, ENITRES 5 GTP
44107,

BRI Rv1045 —AERSFI) S78 s %
BRIk B i, JF HILBE MR LR T i
Rv104417 ) H T Rv1044 = 8 i s R AE
PN A E—A A R AR, 384k HHpred 4
Hr & B Rv1045 Fll Rv2827¢ #RELE—1 N Ui h
HTH Z5F 3R C Si— N REN I RERI L5 IR, Fr
JLARSFI G711 D74 7485, Uit A B &
PE Rv1044 NIABEXT Rv1045 HE1 TBERR A0 & 157
SR, Rv1045 5 GTP R AW HIBAR AR IA,
S78 &M f5 i Rv1045 L faf 41 il 240 v A= K i 53+
BL H RTATIAS T 2 o 1A o1 5305 17 e Pk e B
iz fb i Rv1045 Xt GTP 454 fE 1 35K T A 0%
MR AL Rv1045, HEMPLEEZR Rv1044 XfH %
Rv1045 (8RR AL RILIE T HXT GTP 125517, &
9% Rv1044 Fl Rv1045 Z [ BHEWAHEAER, H
J& HHT Rv1044-Rv1045 &AW 45H) i AR IE
XFF Rv1044 ERRALIEE Rv1045 1953 F- Bl

A AL

REHMC ZIE 3 v TA /AL
Tl L [ g 48 7, ABAT A — S [n] A AT B fif
e, o, VIF TA & ARG fb ok
VI TA TE4H T e & A8 B 2 1 E Y
e, DA RAEA R H 2 S AT S 7 MR R RE
W VIIE TA BB ? HepT/MntA F1
MenT/MenA (Rv1045/Rv1044)h i e £ )E T
NTase ZEE, HITTLIKT 2R 4> BIPEL 5 AR AT IR
TABIFIBE IR AB M, AR ) 2 A e S
&M, A AAEM B H e S AE{ESR 2 A VA
TA FUF R FIBL] 7 X SeER 7 o LE 5 h 7
SRR R, VIR TA RERS7E S0 i R 5 Ha
SEMIBIRE B, WA REBUMSIPTEE R 1 Fik ok
AP R R BRI BR B, R
RAEREPE, AP0 AR o X d i T VIR
TA VEHTRY TA, TEM 25T BIRYT A2 W50 s
VEFR A A BRI 1 LA KON FH RS

4 TA FHERZEALA

TA R&ZS5 THEMME T HIF 2 EES
2, fudh DNA &, Sk EORRE. 400
REG AL B B 2R B, &l 3 Bim .
SRR AESHR A U] E mRNA, LUK E )
A TA WY mazEF 2500, mazEF REEH)
B R NI R N UG, RERE S PEY)
4 mRNA ) 5-ACA-3' FIFRBRELS, 2l
A5 VapC il RelE # % . ¥/ MazF 8 %= K
JVERT 23S tRNA . 16S rRNA il tRNA, M ifij
BT, HicA # % HAAFRRPEGE RNA
ZEA I (~50 R IER)REK i RNAUY, Tfif RelE
B R BEFERZAHR A 75 mRNA B85 F55 2 {3 F1
55 3 iz A P)%E] . RelE F% I 2 HAT KT
VR, HAREZREITF T1, SA2 fil U2 (R HEA
RIS AW A R P9 BT ) PR~ T 8 U
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Figure 3 The molecular targets of TA system encoded toxins.
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WA E T A RIS 2 R (RNAYYY,
W AT LA RS AR (RNACAY R4 # 1,
0 At B B P O

— TA RGEMERZ WAL RMER
P, it CedB Al ParE 3£ [F/FE T DNA jiE
S, 4545 DNA Jiéht B iy M2 3% iT BH T DNA
SHEROEE, M DNA R HREY, JE%R
=G w-e-{TA ARGl zeta TR VEA, #ad B
R AL AT A% WM UDP-N- 2 Tk 44 5 ) 26 4 >k
T 20 B BE B B

5 RE£5i4tb

HT TA A7 THTA AR . b 40w LA
JRMERE AT, BF5E KB TA Sid Y Eom
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JEH IR BT RE FR AT LURR S 1 v R R E 20 4 TR Y
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