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(WZE] B IR EHT SR -PUEER R (TAC) RYEH higA higB Fll Rl 957 TE4
K43 BT R B AN ) RS G b o B S I 2 2 R AR B S, ok BEER 1S3 MR Ak
T TRT I IR AR , 8 100 I DX S A% 1 IR vk 164 7 3 PR 0 A, TR IS 40 A7 TAC FR G2 3L A higA | higB I
Rv1957 1¥) PCR 14 Ko 7 41, 1| FH 1-Mutant 2.0 % {4 F5000 A [7) S 2 25 %o 2 11 25 44 1 T B 14 52 1) o
LR 183k 138 ¥k (75.41%) B KR, 45 ¥k (24.59%) JEAEIL i K% . 4 149 BRI (81.42%)
1) TAC RGe KA 578  AE 2 Fh ] S22 6 R[] 7% - ) L5848 B/ F higA P AL FE
SRR 5 3L AT WL AR ] g As , Horh 2 FhlE ] Lo AR A L TR s R Ak, HoAs 4 Fh
RAR T ARG RE . 6 FhiER] X SRAE A 4 Fh oS AE AT REFE IR A DI RE . (T higA FEPRY
CACI21CAT Z&7E 57 1 A B 4% 25 22 R BT R o7 (AT o ) 98 AR Wi 38 o T Uk bR | H2E2 9 Geit
2E Y (P<0.05), S5 SRR TAC 2% BT — B ML R 2 80k Hrhdb & i
U e 1) 2 MK, T RE T A A 3 W AN ] 1 1 2 085
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Polymorphisms of toxin-antitoxin-chaperone system of Mycobacterium tuberculosis complex in
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[Abstract] Objective To investigate the single nucleotide polymorphism (SNP) of toxin-
antitoxin-chaperone (TAC) system of Mycobacterium (M.) tuberculosis with different genotypes and its
biological significance. Methods A total of 183 clinical M. tuberculosis isolates were collected for
spoligotyping. The sequences of higA, higB and Rvl1957 were obtained by using PCR and DNA
sequencing. The sequences were compared for possible mutations. Functional consequences of
nonsynonymous SNPs were predicted by using [-Mutant 2.0 servers. Results Among the 183
M. tuberculosis isolates, 138(75.41%) belonged to the Beijing family, while 45(24.59%) belonged to the
non-Beijing family. A total of 149(81.42%) isolates showed polymorphisms in the TAC system. We
discovered 6 nonsynonymous SNPs and 2 synonymous SNPs. All the synonymous mutations occurred
in higA gene, while nonsynonymous SNPs were found in the higA, higB and Rv1957 genes either. All
the synonymous mutations and 4 nonsynonymous SNPs were restricted to the Beijing family strains
and only 2 nonsynonymous SNPs were observed in the non-Beijing family strains. Of the 6
nonsynonymous SNPs studied, 4 were predicted to have ability to affect the stability of respective
protein. Conclusion The SNPs in the coding sequences of TAC system in clinical isolates can be
relatively high and the Beijing family strains are with higher polymorphism, which might benefit
to adapt to different host environment.

[Key words]  Mycobacterium tuberculosis; Toxin-antitoxin-chaperone systems; Gene polymorphism;
Genotyping
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G55 BOF AR B TR AP R S BU S5 % 0
T 24 %) B S A R A TR A SRR B
# A 4 (toxin-antitoxin system, TAs) 7 727, TAs
2 NSRRI L B g A e s R R A
(toxin ) 1L A 4 ith AN Fet i APt 5 2 25 11 (antitoxin)
AL, —F M EA S EA A EERDE R G,
HraE R n] hAEE R AERT, 2 [F 2 5 PR iy
FIk KA MR P EAE T AR R . HATE RIS
W2 BT TR TAs FH 88 X 4ifih B 2 — P85 R A 1 Ay gk
ZH 1Y, €045 RelBE .MazEF . ParDE . VapBC . HigAB
ERWE . FEAEIERN, S ISR TAs 1 4 ith 1
LA RS AR A /0 St G A 56 DR 7 B S T e v
EMEZEMEY . #ER-PUEE R HA (toxin-antitoxin-
chaperone, TAC) 3% J& HigAB F G W) — % th §it 8 %=
HigA . # & HigB A1 HE4R Rv1957 — 4 HL W] 41 1%
() JE 8 B TAs [ 4 6% BT 88 R & 11189 5L 1A higA
(Rv1956) v T4t as 22 & K higB(Rv1955)
e, SR TAs AN [ SIABIESE 704 TAC £4¢
TEGEAZ 53 BT TR AN R AY B bk h  J DR 2282k, O
PRHA PR

PR T %

1. TR R IR : 183 BRESAZ 43 BT T I IR 43 25 Bk
Ko bn HE TR PR H37Rv 387 o [ 52 5 i o7 4 il v %
Yo T )7 97 1l T 4t A B AR AR 3595 SARAE

2. DNA R il 45 < SR /K B IR S A o R
PIE ] DNA . SO [R5 LB 16 7% 50 ~
100 mg, 2T 200 ul Tris-EDTA 28wl , & 185 C
30 min, #X J5 100 °C 10 min, B0 U5 3, I 7F
F-20 C&H.

3. Spoligotyping 43 7 : PCR 4 3% DNA [i] [ [X.
(51} DRa: 5'-GGTTTTGGGTCTGACGAC-3',
DRb: 5' -CCGAGAGGGGACGGAAAC-3") ., ¥
TR 5 R 1Y) 43 X SERZ AT BRIR T 22 28, Horh 37 4[]
B DX 13 51 U8 H37Rv bRifERE 9 DR X751, Hogk
HIETF M. bovis BCG ) DR X J751'7

4. 25Haas R LU . BE RN 4R — 2k
25 A T 43500 9 S AR (INHD 0.2 g/l F) 48 F-
(RFP)40 pg/ml. 55 % & (SM) 4.0 pg/ml., &% T P
(EMB)2.0 pg/ml, ¥ H 3E [ Sigma 2\ #]

5. TAC ZE [H 1) PCR B 3« AR 98 A E B bk

H37Rv [ 3£ K /5 51 (NC_000962.3 ) fifi Ff] Primer 5.0
AR5, 0SS WK 1, PCRAK R &
PRk 25 ul, Hirb 2 X Tag PCR MasterMix 12.5 pl,
T 228 T /K 105 ul, EJF51H 0.5 ul, 519
0.5 ul, 3£ K2 DNA 1.0 pl. PCR J2 v 2140 94 C
25 P 10 min; 94 °C 7514 1 min, 60 °CiB K 1 min,
72 CHEAH 1 min, 35 N H 5 72 CAE A 10 min,
PCR " 38 B4 % BEFL LA H37Rv K 2H DNA Wi,
BT HRFLLATC B 2 B F 7K O A . PCR ™5t
RN AE WA BRI ) 4 Bioedit
7.05.3 BCAF Wy 45 R 5 bR UE Bk H37Rv I 51
(GenBank JE41'5 :NC_000962) 47 X .

&1 PCRHANMFESY)

514 RIS ~3") ﬁ%‘m i;qf
higAB-f GTCCAAGCCGGACAACGA 60 937
higAB-r  TCGTCGGCGTCGGTTCGGTCAGT
Rv1957-f GTGGGTGCAGACAAGGAAAT 60 710

Rv1957-r CCCGTGCCGCTGGGCTGACA

6. A7) LA A I G5 A T RE 2 0 7Y T 53+
Br o« Al JH I-Mutant 2.0 (http://folding.biofold.org/
cgi-bin/i-mutant2.0.cgi) %F 525 s #4178 1 D BESY
M 4y

7. Gt R H SAS 9.2 FAFHAT Y R g 4y
B, P<0.05 UM ZERA G E Lo

# R

1. TR AR 2 78 183 BR &5 A% 43 R AT BT I R 43 25 Ak
AFEI R N 138 MR AL 3 0% 45 Bk (46 T H.
U.CAS .MANU2,LAM Fl New, 43514 19.6.3.3.
3.2.90F) , FEA I T R 2 B0 X E R Y 2
ST

2. TAC RGN Z754% X T4 hs TAC R5¢
()3NPT 183 BR AT A 149 R T8 & A2 9872, £
5 6 FhAETR] 248 A1 2 B fR] L2948 (% 2) , [A] L%
A5 35 K A A higA FE R R, 138 BE b BT KR 1
121 157 25,3 H CAC 2878 Sk CAT, Horp 2 BRI 1 95 o2
S CTG 278 K TTG; 7F higA KX (1) 149 {3 5 & A=
Ak R L5722, Bl GCA 5878 4 TCA , T B4 ih 1) 24 Kk
1% TN R (Ala) 2875 0 22 5 R (Ser) , LIRS AF AL
RAETE N BRAEIE S S s, b 1R B[R] B 485 77
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K2 ISIKRE BT R IG R 7> BIR TAC B\ 1S SR 15 L

AR BRI AR AL FEPH AR (%)
A A TR 5 AN A I "
N AR AR REAE Wik bl BRageAs Eﬁigﬂgi{;})& ﬁg‘ig};igﬂ; ﬂgs:l\ggk m{fi/l%})f* ﬂ(ﬁif%ﬁﬁ)%
higA CAC—CAT His 121 His 136 78.63 80.95° 82.29* 82.89 80.80
CAC—CAT His 121 His 2 0 CTG—TTG 0.76 0.79 1.04 0.00 1.60
(Leu 95 Leu)
GCA—TCA Ala 149 Ser 0 10 6.11 5.56 5.21 3.95 5.60
GCA—TCA Ala 149 Ser 1 CTC—CGC 0.00 0.00 0.00 0.00 0.00
(Leu 111 Arg)
higB GAC—GAG Asp30Glu 17 0 9.92 10.32 8.33 9.21 10.40
GTG—GGG Val I Gly 1 0 0.76 0.79 1.04 0.00 0.80
Rv1957 GAC—GAG Asp 147 Glu 1 0 0.76 0.79 1.04 1.32 0.80
GCG—GTG Ala81 Val 1 0 0.76 0.79 0.00 1.32 0.80
T KL P<<0.05
1117 25 AR A LR AR (CTC—CGC) , B IR i A2 & N

fi (Leu) 25 MRS &R (Arg) o X higB 5& K 7 51 43 #r
R, A 17 BRIE 5T G T 1Y 30 7 s & AR AR R AR
(GAC—GAG) , BUfi i 15 1) & B 1R th K 4 & 1R
(Asp) A AR & (Glu) , B4 AR H A 147
A R 2 (GTG—GGG)., Rvl957 3: [H % ' 81
(GCG—GTG) 1 147(GAC—GAG) o7 5 ] 28
A5 L 2 MRS [R) P AL S S R AR

3. SRR BE DK 5 245 AH DG P A3 A - 28 2 B0
183 MR PR AL FE T 245 7 132 M (72.13% ) FIEHUZS A S 1 #E
(27.87%) o R FH x> 1 3 53 B 5 A2 18 0, i 24 Pk v
higA F R 1 Z2 5P i SRk, PP s INH AR (=
2.57, P=0.11) . it SM # ( x*=7.58, P=0.01) . [fi}
RFP ¥k ( x*=6.70, P=0.01) . it EMB £ ( x*=3.93,
P=0.05) , higB J Rv1957 [¥) 22 25 76 2 Rl 12 0k 6] (1)
ZF G E L(P>0.05),

4. GEAZTM 437 < AERTIN 2 119 6 457 L5 AT v
A 4G HR B A AL R e PERZ R K (DDG
H <O FCFMEINEE (WA 2 M, DDG{H >0 {31
SR T A ASUE 1R ) , A 3 MU R A AR s K
PR (3R 3) o X [F] SCSE A2 () 2 R fifi AR 3R 3 A 7
BT, GRS His B9 B A= AU % 5 1 CAC ff A% R
1.49, 575 Ji 1) B 5 1~ CAT i FH A% % 4y 0.51, 4 b
Leu Y% A= B S5 8 1 CTG i FHAR R K 3.44, RAF 5
(S~ TTG il AR A 1.06,

R3I  HEOBHR 6 MHER AR K DDG TRNE
FHEA AT R RIS DDGH
higA GCA—TCA Ala 149 Ser 0.12
GCA—TCA Leu 111 Arg -1.26
higB GAC—GAG Asp 30 Glu -0.29
GTG—GGG Val 1 Gly -2.72
Rv1957 GAC—GAG Asp 147 Glu -0.75
GCG—GTG Ala 81 Val -1.93

SRR N TAC 2 4 & 3 DAL
Rv1955 . Rv1956 1 Ru1957 F:[5) ity , 43 591 4 ) 75 %
11 HigB Pt 2 % 2 1 HigA 14> F £ 15 Rv1957,
SR Ro1957 2 iy — A AU I 35 7 B+ seeB 91
IR 1, 3%0r 7B B) HigA P £ & A E T
20 NI BH ST EE R B 9k ClpCl 45 2R B RA AR
DCFPAH AR A Rl PR 1 HigA TR RE
F1HigB. 40 b 18 38 PR 45 15 ) (B AL LR S B
B 7R 1 HigB #0000 , i V)5 RNA B, e 2230
AR AT B A AR EAFIY
KRS AR ERE T8 R AR RS, T fig
T TAs 2R S dE R AR R BRI ] . A 223 A
oh TAs W AE R IR T7 45290 A8 25 W 0, B3 s
PRSI RENERECRE, WHIRIE
.

Xt F ) SRS, R A 4 B A AR R A AR K
255 IR HAARRCR ™, H e MRS A% AT
AL AR SRS . 76 138 bRt Al
BERR A, 7 P AT ) 20 A ) SRR B0, (R ItE
ARHWFFE T T TAC ZR 50 v 7)) S e ) 2k i 23 )
TS . A% 4 &R (His ) 19 B A5 A2 1
il FHATR A 1.49 , 5878 J5 FR 26 5 7 CAT fiff FH AT R (%
40.51; Gz 2R (Leu ) Ao AE 2R 1l FH AT R
N 344, RIS YT TTG i FHARFE 4 1.06, 3%
S 2 5 (1 RO T R 2 R ) B P A 3

183 KR A 149 ¥k (81.42% ) kA7, Hovp A
138 1£(92.62%) J& FAL 52 505 . A58 KL TAC %
G SRR RIS SO R (1 s, 359368 B AH
FALTR AR | YR ] BESL IR AR (S k. A
31 AR & U IR e s, 5 BT A R Y
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16.94% , H:rh1 64.529%(20/31) A% 8 Tk 5t 05 .
FE 657 LB AR R FNAT 4 4% B RS AR
A 3 MR A KRRk T . W5 T R BT
FIGWERE TAC R4 SR A L, A T
LR 280, AV R AL SR RARE
PR, WO EHE, 5 BUR, Zit 25, b
R MR AE Rv3908 .mut T2 Fl ogt —Ffi 23 TA 1) DNA %8
G S FE D T R IR IR A LS AR | 3k S 5 AR ]
BN TR 5 AR AR T, 53 b A R T b S B
BRPLHE N FREERIRE S TAC RGiMEN—1 T
FE FEARF 5T rh 2 PG A 0 S IR = 1 2 A
IR, 3K AT RE A I T 45 8 A0 R AT B G S0 R A
BN ANEITE IR . BEAE higA (Rv1956) LA 751
LbXT 2 B, B AT FR b 5t ST RAR AR 56 121 6 Y 4 2
1% (His ) fE 16 B S P9 CAC121CAT 2875, 3% 4k
PR SNP A i AT AR R S b e B S AR e
KGR

TAs 25 205 (W45 58 , i 5 B Bl (1 49 1F 22— 1))
X YA . A SR TAC R Ge 5L 4 5 i 2 2 7Y
Z I G RAEAT THRE A TAC R401 3 45
o AT 75 R R 1 HigA BUSEN Z 250 nT e S
it 25 FRIASE . T higA FEH Y CAC121CAT %78
N AR SM RN RFP B R A A4 58 A8 4% o - ek
PR, H2ZRH G52 L (P<0.05) o 4580kt #
fit SM I RFP A BE 55 higA (Rv1956) Ji& [H 58 A5 4 % |
H CAC121CAT 22537 15 F2 A 30 F PR R (1) A S P 2
AR, R TS b S PR R B AR PTRE T 2 i 24

ZE PR B R TAC 2GS 24
PRI AT T 45 8% 0 BOFE B P B0 o
45 5 e Sy A A
FlemFR

5 £ X #
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