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MazEF 2 4 2 78 K % FF 1 ( Escherichia coli) 4t
ORI —4 TA Ro, 7R HEM Mazk £ —
Fift P 51 45 S M O A% R N DD 8, RE A2 72 ACA J2 41 B 1)
# mRNA ) 8 H B G . MazF K H: W] I8 8 A
T — A B A% M R N D) il K R mRNA
Interferase (Mlase)H_NO EERIZHEANRE K4
T 5593 T ppGpp M ] MazEF 5 4t # 5% 5%, 7]
I 25 8 I A S T (T R AR 1 Mz B 1Y
BER M MazF L4551, 5 8040 6 A4 K0 i 25t
T

25K oy BT ( Mycobacterium tuberculosis ,
MTB) H37Rv &K 241 b A 24> 3 A g 15 MazF [5] )i
H ™Y, Ling Zhu % F 2006 4E4E E. coli Xt 7 4
MazF [m] i 85 1 iE 4T 7 %€, 45 R B H 4 4
(Rv2801c¢ . Rv1991c,Rv0659c Fil Rv1102c) X} E. coli
ARG MEIE R, F & 8 Rv2801c 1 Rvl102¢ B
A mRNA PYIAE TG P HOR , TTIE 55 Rv1991c
A Rv1495 JE P51 4E 5 (1 mRNA U1, HAT % A
AN TRV S PR 47 5. Amita Gupta 45 76 E.
coli HXTIXBEFE R EH M EE LR Ling Zhu 5§
N &5 RS A A, A Tk H A Rv2801c,
Rv1991c Al Rv1102c X K BT i A K A7 W I 9 40 il
PEAT . HHT X T S5 8% T B MazF [7] I 8 (Y
Y B AFAE P, B BRI AE E. coli thiEAT,
FZIEH E. coli Ry KA 18 1 2 Pk BT YA 6], A< BIF 5%
FRIRATLE E. coli A3 AR T AR A X 87 S 35 70 B AT 1
( Mycobacterium smegmatis) Xt 45 #% 43 &% ¥ & MazF
[ U AT S o TS BT R W, 45 4% 00 BOAT
PR MazF [) Y525 11 3 DY AT R 5 B i 0 6 DR A i TA
RG, FI I — D % T X L] RE Y TA R &E
L HAE FIRLEL, 38R0 T B ATTHE N B A 1 T i 3R 5k
P . SR RO T ) TA RGEHON 5 45 o
RO T 45 B L G0 AR G, 3% 28 TA FR 48 1 48 58 FI
FR WO A B TR T 45 8 00 BOME i
TA RZG ) IRE, INHRFF B IR R A LI,

1 MopAn 7 %

1.1 ##

1.1.1  PEREFE; F3L . E. coli DH5a \BL21 (DE3) flI
BW25113 ##F LB o M9 K532 3t Hik-35 70 B AT i
mc2155 ) ¥ fh F

( Mycobacterium  smegmatis

Middlebrook 7H9 ¥ 14 1% 5% % (0.2% H i, 0. 05%
Tween 80,10% OADC) 8% Middlebrook 7H10 [ 4 %
FrHE (0. 5% Tl ,10% OADC) , A 5 il & R )
E. coli {9/ HI# B 150 mg/L, X 73 BCAF 1 A
50 mg/L; R B R X K W AF 09 AE vk Bl
50 mg/L, X 73 BOAF B 0 25 mg/Ls X E. coli fif FI B
ARERIEN 50 mg/L, WERWKE R 25 mg/L,
E. coli FVEYG 73 AOAF B AR AE 37T CHE 5%
1.1.2 EZKH : BamHI Hind 1145 R P9 U0
M DNA R4 H TaKaRa 23w ;T4 DNA 3% 3 il
) H Fermentas %y &) ; Ni,NTA His-Bind Resin #l
RNeasy Mini Kit l§ B 7% F Qiagen /A & ; PCR F= ¥ 4l
PRI & DNA I [l 50 & | Bk il £2 1K 5 & T
H Tiangen ;RiboMAX T7 large scale RNA production
system &3] & ) H Promega,
1.2 MazF (EEESEMNEEURBENER
ERERAMERE

W T ASGERZ I KO T MazF [R] 5 4k DY 23 031 v R
A pBAD33 AR (E. coli F ik 8, BT i fH ¥E 75 2 &
KRB R (£ 1), ¥4k E coli BW25113
( AaraBAD) 76547 BOR & A7 0. 2% BT R A 5 55 &
FI MO [ERF R (/&G R) B 3TCHR AR,
WL T A AR KA L o

W T ABERZ S KO T MazF [m] 5 3 DY 23 031 v R
A pACE #Z K (E. coli-Mycobacteria % ¥ Jii i, Z, Bk
e ARkl m Ryt ) (R 1) IS > Bk
W o Kb R s B A pMV261 #AK (E. coli -
Mycobacteria % ¥ iU KL, 5 22 K ik, RIBF R yu i)
(R 1), B A S A MNL pACE-7 3R 8 H Rk 8K
AIEIR 3 B T P TR S A B S 0. 1% O T B
f THLO WU A R By 57 56 (&l s R AR IRR R
37°C HR AR R, WA TR AR KB L
L3 ZAWREM4AL

W S5 03 WA B MazF [R) 5 5k P 2 1 9ife T g
P AL FE 2R 19 AL A 23 50l SC B pET28a 4K (E. coli
FIRER,IPTC 3R 3A 6 (His f-aHE M, FIRER
PirE) (£ 1) AL E. coli BL21(DE3) , M9 {4 1 77
R T 0D, 153 1.0 BF,0. 5 mmol/L IPTG %5
HEFRIK 4 2 B0 AR BT A M 7E 2% buffer (55 10
mmol/L K M, 300 mmol/L NaCl, 50 mmol/L
NaH, PO, ,pH 8. 0) H i &, i o 4 75 i 1 )5, 4°C B
O EBR AR R S B b S NETT - NTA
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Table 1 ~ Strains, vectors and recombinant plasmids used in this study

Strains, vectors and plasmids Characteristics

Strains

M. tuberculosis H37Rv

M. smegmatis mc2155

E. coli BL21(DE3)

E. coli BW25113( AaraBAD)

Vectors

pBAD33 E. coli inducible expression vector; Cml"
pET28a E. coli inducible expression vector ; Kan"
pACE E. coli-Mycobacterium shuttle vector; Hyg"
pMV261 E. coli-Mycobacterium shuttle vector; Kan"
pSD5B E. coli-Mycobacterium shuttle vector carrying lacZ; Kan"

Recombinant plasmids®

pBAD33-1991¢
pBAD33-2801¢
pBAD33-0659¢
pBAD33-1942¢
pBAD33-1102¢
pBAD33-1495
pBAD33-mtpemK

Rv1991c gene was cloned in the Xbal-HindIII sites in pBAD33
Rv2801c gene was cloned in the Xbal-Hindlll sites in pBAD33
Rv0659¢ gene was cloned in the Xbal-HindIII sites in pBAD33
Rv1942¢ gene was cloned in the Xbal-Hindlll sites in pBAD33
Rv1102c¢ gene was cloned in the Xbal-HindIII sites in pBAD33
Rv1495 gene was cloned in the Xbal-HindlIll sites in pBAD33
mtpemK gene was cloned in the Xbal-HindlIll sites in pBAD33

pACE-1991¢ Rv1991c gene was cloned in the BamHI-Clal sites in pACE
pACE-2801c¢ Rv2801c gene was cloned in the BamHI-Clal sites in pACE
pACE-0659¢ Rv0659c¢ gene was cloned in the BamHI-Clal sites in pACE
pACE-1942¢ Rv1942c¢ gene was cloned in the BamHI-Clal sites in pACE
pACE-1102¢ Rv1102¢ gene was cloned in the BamHI-Clal sites in pACE
pACE-1495 Rv1495 gene was cloned in the BamHI-Clal sites in pACE

pACE-mtpemK
pMV261-1991a
pMV261-2801a
pMV261-0660c¢
pMV261-1943¢
pMV261-1103¢
pMV261-1494
pMV261-mtpeml
pET28a-1991¢
pET28a-1991a
pET28a-2801c¢
pET28a-2801a
pET28a-0659¢
pET28a-0660c
pET28a-1102¢
pET28a-1103¢
pET28a-1495
pET28a-1494
pET28a-mtpemK
pET28a-mtpeml

mtpemK gene was cloned in the BamHI-Clal sites in pACE
Rv1991a gene was cloned in the BamHI-HindIII sites in pMV261
Rv2801a gene was cloned in the BamHI-Clal sites in pMV261
Rv0660c gene was cloned in the BamHI- HindlIll sites in pMV261
Rv1943c gene was cloned in the PstI-HindlIII sites in pMV261
Rv1103c gene was cloned in the BamHI-HindIll sites in pMV261
Rv1494 gene was cloned in the BamHI-HindIII sites in pMV261
mtpeml gene was cloned in the BamHI-HindIll sites in pMV261
Rv1991c gene was cloned in the Ndel-Xhol sites in pET28a-
Rv1991a gene was cloned in the Ndel-Xhol sites in pET28a
Rv2801c gene was cloned in the Ndel-HindIlIsites in pET28a
Rv2801a gene was cloned in the BamHI-HindlIllsites in pET28a
Rv0659¢ gene was cloned in the Ndel-Xhol sites in pET28a
Rv0660c¢ gene was cloned in the Ndel-Xhol sites in pET28a
Rv1102¢ gene was cloned in the Ndel-Xhol sites in pET28a
Rv1103c gene was cloned in the Ndel-Xhol sites in pET28a
Rv1495 gene was cloned in the Ndel-Hindlllsites in pET28a
Rv1494 gene was cloned in the Ndel-Xhol sites in pET28a

mtpemK gene was cloned in the Ndel-Xhol sites in pET28a

mtpeml gene was cloned in the Ndel-Xhol sites in pET28a

pSD5B-P1991¢ Promoter of Rv1991a-Rv1991c system was cloned in the Xbal-Sphl sites in pSD5B
pSD5B-P2801¢ Promoter of Rv2801a-Rv2801c¢ system was cloned in the Xbal-Sphl sites in pSD5B
pSD5B-P0659¢ Promoter of Rv0660¢-Rv0659¢ system was cloned in the Xbal-Sphl sites in pSD5B
pSD5B-P1942¢ Promoter of Rv1943¢-Rv1942¢ system was cloned in the Xbal-Sphl sites in pSD5B
pSD5B-P1102¢ Promoter of Rv1103¢-Rv1102¢ system was cloned in the Xbal-Sphl sites in pSD5B

pSD5B-P1495
pSD5B-Ppemk
pSD5B-Phsp60

Promoter of Rv1494-Rv1495 system was cloned in the XbaI-Sphl sites in pSD5B
Promoter of mtPeml-mtPemK system was cloned in the Xbal-Sphl sites in pSD5B

Promoter of hsp60 gene was cloned in the Xbal-Sphl sites in pSD5B

* Constructed in present study.
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(Qiagen) 3L W5 7 1 b, 485 % Resin 56 75 51 3 B A
I, Y W (50 mmol/L NaH2P04 , 300 mmol/L
NaCl,20 mmol/L Bk M, pH 8.0) V&%, 5 A ¥k B ik
(50 mmol/L NaH2P04 ,300 mmol/L NaCl,250 mmol/
L Bk pH 8.0) Bt H 85 1 . dfi ik SDS-PAGE £
D25 1 4 U R 2l B2, 1T BCA SR s vk 2
1.4 MazF FiEZE B/ FSN RNA Y] EIL5E

LI pET17b-Rv0707 J5i ki b B A, b 7514 5'-
AGATCTCGATCCCGCAAATTAAT-3'Fl g5 ¥ 5'-
TCAGCTCTCCGTGCTCTG-3' A& T. 4 ¥ T.# ( &
) AR F) G R, i PCR 93548015 & T7 JR 8+
) Rv0707 %& A R B, 1K 4b &% 5% il & RvO707 (1)
mRNA , K5 RNA YJ#1 B4 f 4 £ (20 L) &% 1
pg RNA JE#,1 L RNase 5] ,6 wL 4] %122 vl
(20 mmol/L Tris-HC1 pH 8.0,100 mmol/L. NaCl, 1
mmol/L DTT) , #¢ R & 11 (1 pg) Bi# R ML HE R H
HRAY(1:2) , A E &5 M DEPC Kb 2, 37°C
JZ 15 min J5 R WIRE Yt 5% RNA PAGE (N
e 292 1) FEAT 50 5, EB G @ A5

1.6 BHFENEEHTHIAE

Bt &4 pSD5B-promoter-lacZ #, 4 B4 Hik 35 73 A
FF 1 7 Middlebrook 7H9 Wi {48 35 B 35 & 0D, ik
1O, BE.LEEREIFRIT A 0.01% Tween-80 Pk 2
W, ULTE B & T TBST ¥ ¥ ( Tris-buffered saline with
Tween, 50 mmol/L Tris-HCl, pH 7.0, 150 mmol/L
NaCl,0.05% Tween 20), #77 ODy, £ 0.2,37°C,
190 r/mind% 35, FEYUERAL PR O h,4 h,8 h,16 h fiI
20 hHRURE T B-2F4 00 il 3 1 0 v A T A B 5
W,

2 #X

2.1 o RHEFH MazF BIEEB R H A&
S 5K TA &5

SEAZ 53 SCRT TR Ak DR A A7 AR 24 G Y MazF [A]
TR AR, AT S 8 & 1 Rv0659¢ \Rvl102c,
Rv1495 Rv1942c¢ . Rv1991c . Rv2801c F1 mtPemK 5
E. coli MazF & H 47 7 51 [R] U8 b, B AT 48 5 14 [)
Pve (B 1), RS RY, 5 E coli iy

L5 BaFEERNE mazEF B\ 52, 45 1% o0 BOFF 1 4 i MazF [H]
SHERDER ARG LIRS 3 7 XU A IR AR N S T A AR A B ) B AT — A s

pSDSB # K 1 19 lacZ JE P L UiF, #9 i pSDSB-  BRIEXT O E S AR TA REEMEH . AN, K
promoter-lacZ FMR (K 1) , L AREIR P AAT B, ZRGRG P & 0925 B d 5 K MazE
B~ FLMI M5 PRI kA I 5 3 36 M. B-FFL HEEM MazF MK 2) o WL, ENTHA FThE
R B I AR Miller 3 AT TEL BT R Y TA RS

Rv280lc  ..... NB TATRLG a2

MazF MVSRYVEDMEDLIivEFDE TKESEOR A VEP YN . . . . . K 42

Rv199le  ..... SR...L 319

Rv0659Cc  ......MRIXEETWFAAT..... PVADRIG. . . 31

Rv1942c a0 G e ARIBRIE. .. 36

Rv1102c  ........MRPEHTAQOED........ 29

Rv1495 MNAPL ....... 35

mtPemK  ..... VYR AR 38

Consensus mp rgeiwwadldp g rpvlvlsrd np

Rv2801lc  RGVITVYPVESNIAKVYBEOHT) SITTTGLQ cKAQAEQHRSHATE 89

MazF TeMCLOYPCIH . OsKBY LABOVKSEAWR 84

Rv199lc  ATVI ITSNIALAAM G = 85

Rv0659c Lvs LEMTAVENR . 74

Rv1942c LAS EPGSDPT RRS . 79

Rv1102c I LAT 70

Rv1495 AVR GPSD. . 74

mtPemK EVPTS SAQPAVFRPE!EVMG 78

Consensus vvvvptttt rglpfev 1 a glprdsvvnadni ti

Rv280lc  RLPERPIGRVSAAELAQLDEALKLHLDLWS. . . 118

MazF ARGATK TVAPEELQLIKAKINVLI. ..... 111

Rv1991c TDITDR EVPASLEHEVDRGERRVEDHE . . 113

Rv0659c TAFRRRIT SPARLHEACQTERASTHC. . 102

Rv1942c [VNR DIRERATCT EVEVDCSE . 109

Rv1102c GROTIEYHI ASQEPALAF IGNAF DWVV 102

Rv1495 DE GDYLEEVTPAT] KINT PWP. 105

mtPemK YVHGDPVDYlDRDQ) VARY 106

Consensus lgdr g laa m i algl

B 1 Z&a#4AFE H37Rv fiiy MazF BIRE B 5 X & MazF 5 FF 5 b 3¢

Fig. 1 Sequence alignments of MazF homologues from M. tuberculosis H37Rv with E. coli MazF. Identical and homologous residues are shown in black and

shaded backgrounds.
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Table 2 Toxin-antitoxin systems in M. tuberculosis H37Rv

Antitoxin pl Toxin pl overlap
MazE (82aa) 4.72 MazF(111aa) 8.49 1bp
mtPemI(100aa)®  4.99 mtPemK(106aa) * 9.51 7 bp
Rv0660c¢(81aa) 4.40 Rv0659¢(102aa) 11.16  13bp
Rv1103c¢(106aa) 5.32 Rv1102¢(103aa) 5.10 1 bp
Rv1494(100aa) 9.29 Rv1495(105aa) 7.89 4 bp
Rv1943c¢(125aa) 5.23 Rv1942c¢(109aa)  9.00 4 bp
Rv2801a(76aa) " 4.37 Rv2801c(118aa) 9.09 17 bp

Rv1991a(82aa) © 4.63 Rv1991c(114aa) 9.51 4 bp

“ mtPemK was identified in M. tuberculosis by Tyagi, J.S. et al '™, and
mtPeml was encoded by the open reading frame located upstream of
mtPemK gene.

" Rv2801a was encoded by the open reading frame located upstream of
Rv2801c.

“Rvl1991a was encoded by the open reading frame located upstream of
Rv1991ec.

2.2 MazF BEiEZEAXNAEEKOIFER

E. coli mazEF JE WA [{) TA R G, 155 MazF 1§
FI Ik, Al 5 Bodn i i A K, iR R
MazE U] Bk MazF 88 R & L. 0 T %E0E 4
BB X 7 A MazF [R5 8 56 2 5 5 K
LRI R I TA ZRGE, FA 53 50 46 K FF 1 ARk 3R
Oy BRI 75 R 08 MazF [/ I8 B 80K 5 B F
SEIH R 32 35, K ) MazF [) 5028 F1 00 40 1 A= 40
S o

B3 2 T A G52 BOF I MazF 6] 53 [
S TERE R pBAD33 34K, ¥4 1k E. coli BW25113, 7F
IR AN 0. 2% BT R AL HE i MO [ 14 15 7 ik 1%
Fi G5 R R AL I T 50 /9 MO A L, i A7 40 iR
FRAEIE B A8 K, T AE N 0. 2% Bl B A7 B F B B
pBAD33 75 2 %f B i 2 2 38 Rv0659¢, Rv1495 FlI
Rv1942c¢ B E. coli 1IFE & 4 K, 1 Rv1991c Rv2801c,
Rv1102¢ F1 mtPemK DU & A9 5 Ml T E. coli
A A (18 2) o X —&5 2R R BT 45 8 0 BOFF T 13X
7 4~ MazF [R5 8 X E. coli #: K () 5% i 2 B A [l
H Rv1991c . Rv2801c¢ . Rv1102¢ F1 mtPemK 3 Bf H
FRE A WETE, X E. coli 8K A W Ay 30 )
R

o1 T E. coli F1 53 BT W BAT R KA A, 45 4%
Sy BT TE Mazk [6] 5 2 U LE E. coli W B4R A —5E
REAZAC B M 70 BOFF T A LS e o R, AT
A3 SR T 19 6 3 5 2B k-l 3 20 BOAT T A2 1
T, X A5 RO MazF [R) IR 8 F AR 9o R 1 S

Arabinose
+
pBAD|1102¢ pBAD|1102¢
pemk 0659¢ pemk 0659¢
2801c¢ 1495 2801¢c 1495
1991c|1942¢ 1991¢|1942¢

B2 XEBHFES MazF (iEEANEELEE
Fig.2
homologues on E. coli BW25113. E. coli BW25113 cells were
transformed with pBAD harboring ORF of the individual MazF

Identification of toxic effects of the seven M. tuberculosis MazF

homologous gene as indicated, and were streaked on M9 ( glycerol,

CAA) plates with or without 0. 2% arabinose.

AIREM A TA RGEEATEEE . 5 T D a0 B
T MazF [a] P55 K23 53 58 e A pACE 4K, o e AL
W B, 7E0.1% OB iESFMEMNT, &6
Rv2801c¢ .Rv1991c  Rv1102¢ il mtPemK i 5 3 ik &
KL TG 70 BOAF B 7R THI0 [ R B % 56 Y AE K2
U] W, WA pACE = 2 LU K Rv0659c
Rv1942c FIl Rv1495 5 T 3 3 FURL Ytk 3 50 A AT 11
A LUE R (FE 3-A) X —45 R 57 E. coli 344
M a5 B — 2, Bl Rvl991c, Rv2801c, Rvl102c #0
mtPemK 2 F Z & M, M Rv0659c¢. Rvl942¢ #l
Rv1495 J& 48 02 MazF [R]85 (1, (H A B A7 00 ) 20 1A
ARBIEM.
2.3 MBEREANEYAERETE
RIETHENL A &5 28] f 3 2 PP R AR
Iy TERE A pMV261 725 38 24k, i e A& A7 Xt
7B pACE-35 2 175 5 2 38 UK (4 Jhk- 3 23 B b
0. 1% & T 75 35 R 8 1 Rk, Rv2801a,
Rv1991a Rv1103c Hl mtPeml [ 77 7 3 B T X I 9
FEZ&EH Rv2801c Rvl991c Rv1102¢ F1 mtPemK X
20 T A A R A A A I 23 BT TR AR KRR A
EH (KF 3-B), X — %58 F£ W Rvl99la-1991c,
Rv2801a-2801¢ . Rv1103¢-1102c#1mtPemI-mtPemK
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(A) Acetamide

1942¢ 1102¢ 1942¢ 1102¢
[pemk 495|pem|

(B) Acetamide

PACE+!
pMV261{1991c+1491 :
doc+0880c 2801c+28G1a  odsoc+o660c

+

2801c+2801a

\

19?4&9430 1102¢+1103c 13(&194@

1495+1494 | pemk- 1495+1494

1102¢+1103¢,

3 BLRSARTES MazF BiREANEREERERSEERZAEANGEN

Fig.3 Identification of toxic effects of the seven M. tuberculosis MazF homologues on M. smegmatis and characterization of their correspondent antitoxins.

A: M. smegmatis mc2155 cells were transformed with pACE harboring ORF of the individual MazF homologous gene as indicated ( pACE-T), and were

streaked on 7H10-OADC plates without or with 0. 1% acetamide. B: M. smegmatis mc2155 cells were co-transformed with pACE-T and pMV261 with

corresponding possible antitoxin gene, and then streaked on 7H10-OADC plates without or with 0. 1% acetamide.

Al RLR A 2 B TA RGE. Hb el W7 7
ALER 5 BFF T MazF 8] 95 2 (1 2 Rvl991c,
Rv2801c Rv1102¢ 1 mtPemK 2 #H Z & 1, H 5 H
U L TA R5
2.4 MazF BEEBREAIIE

E. coli MazF & 1 J& — ¥ 51 #¢ 5 Pk RNA (194
DI , 30 o B mRNA SRIDHIA M A K. 2183
A8 45 4% 43 A KT B R ) MazF 6] 5 25 Rv2801 ¢,
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Fig. 4 Characterization of the RNA cleavage activities of the M.
tuberculosis MazF homologues with Rv0707 mRNA as substrate. Lanesl-3
and lanes 5, 7 and 9, RNA was incubated with the indicated toxin; lane
4, control, RNA alone; lanes 6, 8 and 10, RNA was incubated the
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Fig. 5 Analysis of the promoter activities of M. tuberculsis toxin-
antitoxin systems. M. smegmatis mc2155 cells were transformed with
pSD5B vector harboring the promoter of M. tuberculsis toxin-antitoxin loci
as indicated in front of the lacZ reporter gene. The B-galactosidase
activity assays were done in triplicates. The data represent the average,
and error bars represent standard deviations. Hsp60 promoter ( Phsp60 )

was used as a positive control.
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Fig. 6 The activities of Rv2801a-Rv2801c¢ system promoter
(P2801c) and Rv1991a-Rv1991c¢ system promoter (P1991c¢) under
nutrient deprivation. M. smegmatis mc2155 cells, which were
transformed with pSD5B vector harboring P2801c¢ ( A)or P1991¢(B)
in front of the lacZ reporter gene, were cultured in Middlebrook 7H9
medium and then transferred to the TBST complete starvation
medium. The B-galactosidase activity assays were done at the
indicated time points after the starvation treatment. Error bars
represent standard deviations, and the p values derived from

Student’s t test are “ P <0.05, ** P <0.01, and ** " P <0.001.
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Characterization of  Toxin-antitoxin  systems in
Mpycobacterium tuberculosis

Yibo Xian, Lidan Cui,Junjie Zhang”

Key Laboratory for Cell Proliferation and Regulation Biology of Ministry of Education, Institute of Cell Biology, College of
Life Sciences, Beijing Normal University, Beijing 100875 , China

Abstract ;[ Objective ]| To characterize the toxin-antitoxin system ( TA system ) in Mycobacterium tuberculosis, which
consist of MazF homologue gene and its upstream gene. [ Methods ] Seven M. tuberculosis MazF homologues were induced
alone or co-expressed with their upstream genes respectively in Escherichia coli and Mycobacterium smegmatis ,to test the
toxic effects of the MazF homologues on bacteria growth, and the antitoxic effects of protein encoded by their upstream
genes. The RNA cleavage activity of MazF homologous was identified in vitro with Rv0707 mRNA as the substrate. The
promoter region of the identified toxin-antitoxin loci in M. tuberculosis was cloned in front of the lacZ reporter gene in
pSD5B vector. The promoter activity was measured under the normal or starvation condition. [ Results ] The growth of
either E. coli or M. smegmatis was inhibited by four MazF homologous proteins, among which Rv1102¢, Rv1991c¢ and
Rv2801c¢,but not mtPemK , had the RNA cleavage activities. The toxic effects and RNA cleavage activities of Rv1102c¢,
Rv1991c and Rv2801c were inhibited by their corresponding antitoxin Rv1103¢,Rv1991a and Rv2801a,respectively. The
other three MazF homologues, Rv1942¢  Rv0659¢ and Rv1495 ,were not toxic to E. coli and M. smegmatis and also could
not cleave RNA. It was found that the promoter activities of Rv2801a-2801¢ and Rv1991a-1991c¢ systems were significantly
increased under the complete starvation condition. [ Conclusion ] Our results demonstrated that Rv1103¢-1102¢,Rv1991a-
1991¢, Rv2801a-2801c¢ and mtPeml-mtPemK were typical toxin-antitoxin systems in M. tuberculosis. Rv1102¢, Rv1991¢
and Rv2801c were toxin proteins which inhibited cell growth through their RNA cleavage activities, while the mechanism of
mtPemK toxin is still unknown. It is possible that Rv2801a-2801c¢ and Rv1991a-1991c¢ systems are involved in the
starvation stress response.
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