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R S A - i 7 B L O (400042 T I, 45 = 72 [ K2k BF B2 B2 T R ANRHIE ST AR 36 R} 5400016
TP, TR R 50 B2 A B PR S0 12 W7 3 7 T T 063, 518045 TR, TR i A BRGS0 K938 SR s BT s Do 2 )

[H#ZE] Hy NIRRT (rolling circle amplification ) A HE N7 X454 43 BT T it 245 55 PR Al i 5 728 1y bRt ez i)
Tk Jiid: DA AT B FIAR ST 25 rpoB B[R R BF 5T X 42, - Xoh i 35 DR L 28 A8 o7 5 f sl X 28
PR IR | B A RS A 45 2 53 A T o 35k PR B AR B AN [) A9 ) 2 78 RUASEA AT A JEUAR AR VR A R A (9 R, AT 5 AR 512
I IR RE S RS, AL RE S HA I rpoB 3 PR BARIL S8 AR [ VR FR 9 G U o T A X I PR AR A S I 3 5 0
SR B T Z TR IR B, &5 IR A SR S50, B VR SR 8 1 R BB AR S R 25 A A R R T
i 48T rpoB J IR (1 B AL 5 AE o 38 i X 55 A5 AN () L 9 A8 TR AR A TR G R AS Al S AR B A i 19% 275 75/ 1B A 78
R BIREAS o 80 BRI RFEA BRI 5P 45 - —3, Z518 RIFY IGEARFE & R BUE m , T FRik & S A B
HAGHRAE , RSP A AL ARSI H Tt 24 45 A2 1 L i 28 A28 |, 2 LA I PR BT FH T 5 1 7 1% o

(KB ] RIFY I B5A% BT R T 24 5 rpoB B: Al
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Detection of rpoB single base mutations in rifampin-resistant Mycobacterium tuber-

culosis by rolling circle amplification

Zhang Jiangfeng'” | Zhang Yali’, Zeng Zhaofang’, Gu Dayong’, Lu Weiping' (' Department of Clinical Laboratory, Institute of
Surgery Research, Daping Hospital, Third Military Medical University, Chongqing, 400042 ; *Key Laboratory of Clinical Laboratory Diagnos-
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[ Abstract | Objective To establish a rapid detection method of single base mutations in rifampin-re-
sistant Mycobacterium tuberculosis by rolling circle amplification (RCA). Methods We used rpoB gene of ri-
fampin-resistant Mycobacterium tuberculosis as the research target. Padlock probes were designed. The
sensitivity and specificity of this method were evaluated by detecting mutation template, wild-type template,
non-Mycobacteria tuberculous gene sequence template and different proportion of wild-type and mutation template
mixed samples. The reaction conditions of RCA were optimized. The clinical values of the RCA method was e-
valuated by detecting the clinical samples and comparing the detection result with that of sequencing. Results

RCA was used to detect the single base mutations of rpoB gene of rifampin-resistant Mycobacterium tuberculo-
sis specifically. We proved that RCA method could detect 1% mutation template in different proportions of
mixed wild-type and mutation template samples. The detection results of clinical samples were consistent with
those of the sequencing. Conclusion There are many advantages of RCA, such as high specificity, high sen-
sitivity, no special expensive instruments and simple operation. RCA is rapid in detection of single base muta-
tions in rifampin-resistant Mycobacterium tuberculosts.

[ Key words | rolling circle amplification; Mycobacterium tuberculosis ; resistance; rpoB gene
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ZE A% 43 A AT B ( mycobacterium tuberculosis ) Jak 4%
5| AR 45 A AT s 4 ThE 5L L A 7 e 3 N R Y
I WAL YR 2 — . i WHO 531, 78 4 th i) 45 4%
TR, 3. 6% B EAFAET 22584 | i 2k
SER PRI TRAT B R RE R B 25 R R
F-(rifampin , RFP) J2& 15 48 1 5 3 20— i 45 2
Yy, 3L 5 45 3 BT rpoB B 4w i ) RNA R 5
fitE ) B WV FEZE A ] RNA B4l 1% 4 , DA 1y BH W7 45 4%
PR B RNA (96 B B T S B i se T, Atk
rpoB HE PR G A S I S A0 P % REP Wi 25, H HiT Y
IR, K2 95% ~ 98 % FIAE V-l 251k i) rpoB &[]
GEAL R HEAERHR N FAR -1 245 P X7 (rifampin re-
sistance determining region, RRDR) [t 507 ~ 533 (v %515
THY 81 bp A HR A DX, b dsc e DL A 2 531 {2
MBS

TR 1 (rolling circle amplification, RCA ) 7 A,
SRS F AR U SR A R R A A2 il DNA 177 X
M o ZBOR AT DIFETE IR 25 1F T AT IR 4
SEUNFE ARG , 5 2 T 4 LD 2 DNA
Fer I | BAAZ 1 2 2 25 M (single nucleotide polymorphism
SNP) K5I A% I T . 240 M S 57 A0 L K2 DNA e (A
B A K 45 — R BB ge op T A g i is
RCA BORKMZ5AZ 73 BT B rpoB JE K 58742, DL PR
R AT T 25 45 2 WK |

1 57

1.1 ##

ARSI R A SRS 510 RT DNA B3 31 14 B OR6% =%
AW TR R B BORT T A AR T T 24 40 Bk B R 40 Bk
(2 BURNESZ 96 R ] WHO HEZ# 1 Lh 135 ) 1 e 0 B i i R
P BBt , 45 4% B FF TR AR R H37Rv 1l | v [ 2 5 2E W il
FRE BT . Tag DNA JEF2[, Bst DNA 45 B H NEB 24
#) ; Premix Tag® Version2. 0, Lysis Buffer for Microorganism to
Direct PCR ,dNTPs, % B25MMI G 1, B4 UIEE I X1 5 K&
FAW) 2~ 7] 5 PCR AL (Mycycler Bio-Rad, USA) ; BEZ IR R 58
VersarDoc 1000 ( Bio-Rad,USA) .

1.2 7k

12,1 $EPHIEHR  BIR A R 51 Bt &l R
Y R ARRI B R IR T S A DA BANES &, 7R3 3%
B VE PR SRR, 2 S O A7 7E N T0 2 45 L8R, RIIE T4
IS S FES [ RUER G B AR T TR 1, YA £

ASIVAFAERT, AT LI BRI ROR B9 3428008 . ARIR S5 A% 0 B
FFBARE R Bk H3TR (19 rpoB 2 [N ) b1 4 7 51145 &L (ML NCBI
HARAT ), N T B A R e 41 i A A B P B A S A D 46
B, WA Sy 35 (e sk 1.

&1 RCABRTRAMATIABERE BRI HE5M

#HFE JF8I(5" —3") JrBERIE (bp)
i gy COTTCACCCACAAGCGCCEACTGTCGGCGCTCE 10

GGCCCGG

)  GGTTGACCCACAAGCCCCCACTCTTCCCCE TCC
S ] ﬁg(‘cg(‘f‘(‘(, CAAGCGCCGACTGTTGGCGCTGG 40

ACAGTCGGCGCTTGTGGGTTTAGTCCATTCGCAT

Bzt #R4  AACGTTTCCAGCAACTAATCTCGATCAAACAGCT 79
CCCCAGCGCCA

3#1  AGATTAGTTGCTGGAA 16

B#2  TTAGTCCATTCGCATA 16

RS A B XIRA S Je 5 5) AN S a9 #e ) B 51, 40K w30
AA R TR

1.2.2 #iRErRERERE 10 wL WK FR 100 nmol/L
A 1 WL 10 x Tag DNA #FFSE Wik 1 w100 nmol/L 4l
B4 1wl & ddH,0 6.85 pl,95 °C i 5 min, FHA0AR 40 U/ pL
Taqg DNA % #: /i 0. 15 pL, 65 °C X i 60 min, 95 °C [ h]
15 min, 2555 7. BT VKA 5 min,

1.2.3 EEYIHAE 1) BRI AR R TOIA 10 pL i EEY)
NI (7510 x AZFRAMIIMG 1T Z2Pil 1 L, 10 x PRSI 1l 2%
ML uL,S U/pl BRZISMIME 12 L, 10 ~30 U/uL AR
AT IMO0. 15 wl,ddH,0 5.85 wl),37 C i 3 h, /5 80 C
K2 20 ming,

1.2.4 RCA )i 10 b 20 R« 3% 432 A A R I 7™ )
4 wL,10 x Bst DNA BAEFZ R 1 wl,10 pmol/L § 1454 1
12451 pl,10 mmol/L Y dNTPs 1 pL,8 U/pL f{) Bst DNA
AT#0.25 pwl,ddH,0 1.75 pl, 65 C i 1 h, #J 80 C [ i
20 min,

1.2.5 GEEILREMEAE  FIHBEEE PCRAY, B5E %
FERIE 60 ~70 °C LU E il i He I SO IR BE o JF i i % 4
PAE 1 ~3 h DUAH R fid 3 2 BP0 S L IN 18] SR 7 A gk AT
RCA SR, 7047 BRI WHBEIE FL K o

1.2.6  RCA JyiEAE bR R GBI [ A AR
A 57 AR - 41 At A A 5 BE RF 81 L B TG H T 4 1 S
AR AT RCA P3G, ARG IN 2% 07 1k B R St o LK Y
100 nmol/ L 1575 B B ) 471 Ay A M ASE AR , 12 5 78 L/ B8 14 7 Oy
0% ,0.1% ,1% ,10% ,100% Lt {5 e il A< 5 W, Ao i 322 5 2k 1Y)
RIPE

L2.7 I RAEARR  FIJH PCR RS HE rpoB JEH, |
W5 ¥ 5'-AGCGGATGACCACCCAGGAC-3'; T i 51 ¥ 5'-
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TACACGATCTCGTCGCTAACC-3", 41 B B 7 56 9 A8 o7 5 T 15
AR 2R AR XY 81 bp, I3 BeA BE o 385 bp, §7 =W
FIFH RCA J5 A 52 A5 A8 5, [ e 326 P 3 4 I e 2 /) 0 (R
FHXLIA , LIRSIEZS SRl §EdE) o

2 #R

2.1 RCA B &M e4kA4k

HEAEME R NR B 65 °C, JOWiRTa] 1 h, AT RIS RE R 1)
AL IR B, W S B AR R L, AR AR R R
2.2 RCA BE_Ftg4 Fik

{UA SRR E B T ANSE A3 I 6 B R A 1 3R Ak 1 28
ASTIRENG , 2030 RCA SR 45 5 W) 40, 715 554 375 7 , A S 780 P
B A BV SR 1,

2
—

M:DL2000 #7231 SF A R AEAR ;2. R A AR ;3. FANLER A
FIBEAR ;4. RAE 7
E1 RCA RR4FRMEMNEIXKER

2.3 RCA B8 RHE
OT R ERARBEAGI Y 1% R RALHY, ULIA] 2.,

M 1 2 3 4 5

M:DI2000 47 4;1:0% £ T #52:0. 1% ¥ £A;3:1% £ LA,
4:10% % £ A;5:100% K A
B2 RCA RMREFEHRMEKER

2.4 F)ig-T it h AL AT R NG R B ke K

80 MRZEHZ 43 BEAT BRI PR 43 8 k3 2 DU e & 30, 26 BRI A
S E kR 531 37 5 AR Ry C-T, 284850 65% , A 14 #RIE%
NE A5 AN 533 v 15,526 45 55, 511 {57 28 il ik IR 2 748 Wiz gy A
C-T 28745 T30 &5 1 0 BT B R AR 25 0 S5 42 0 BT B8 I IR
SR Kb iERR H3TRv 1 PCR 434 7 My LUK 25 S An 1l A, 4
H A B S i BRI — B T H B A AR AT 0 R
RCA K25 5 7 ,40 BRI R - 25 8k 1,26 £ 531 7 4 C-T
GEAR J PR SE A 14 BRI A 2T 5 AR FIHE 2% 7 p5 5828 LA
2 A0 BRF AR - SURBR I A BAPESE R (K 3) . SllF &R
LR —EL

2 000 bp—

1998 bp—
500 bp—
385 bp—
250 bp—

100 bp—

oy
M 1234567

2 000 bp—
1000 bp—
750 bp—
500 bp—
250 bp—
100 bp—

®

A:rpoB & (385bp) #7325 R ;1.2 : Al A% T LR AR ;3 4 - AU AR P A
4k ;5 H3TRY S5 A 5 HAT B AR AR B: e AR & B 4k RCA 77 ik 4h
Mk 2ER 12 A 48 T SRR AR 3 4 A AR P A 25 4k ;5 H3TRY 4
B HAT AR MR ;6 JE B HATH B AR T : AT IR

3 IGEFR# A PCR =4 & RCA F=#jr k&R

3 it

VLA, T A NG B AL IR 9T, S0
(AIDS) FY G AT A S A S AR B AR %2
Tl DR 2R 5 BT 24 PR 2 A% 0 SBT3 22, e ) o 22 T T 2
( multi-drug resisitant, MDR ) 4% #% %5 A17Z i} 25 ( exten-
sively drug resistant, XDR ) £5 1220 09 Hy B 25 4200 1o 42
il T 38 B Sy 0, N Ry 45 A s A 1) e L D T 22
— O R B — R PR, S A
FEBRXS FIAR T 24, 25 T 3Rl pe B vk F A e 45 4% 24
Yy 250, R, AR 24 B PR s a2 W R T 245 PR 25
BRI S5 RO B AR 25 bk B
DLAEAL 2 RRDR P X8 N 531 7 1 Y 22 2 R 5%
A8 AEIZALE XL C-T 978 M 8 die 1wy, K29 60% /i
A0 DRI, K AR T A R A 0 ot 5 4% S R AT
TR TS 245 P T DRI i DG B, R AT e 33X A 98 A8 1 3% e
SIS il SR N N a2 NS M8

1R GE R ZEAZ I 24 PEAG I J5 ik ] S (B i), — e
BB ARER R A2 I HiY . BEE 0 T2 B4
ARHY BT 5, B B2 BOR & et (H R 280 ik
FHEAR , e 2 B Bt ARSI AL TR , 3 6 PR 3R B A
TR BYHE I o PRI, ST R R L 2T Y
SEARZI 2 PRGN O 1k AT B8 S RIS A 2 Wk
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B A R LR DNA B2 56055, IR & i on] 7 48 it xR

TR PEE DNA, I IERE - #57) RCA # R A
AR R R R S A S RS T, AR R
T FH o AN BRI 2 AR (A T R Y 3 — AR AR
IRRET—BIEUER T (padlock probe ) SUFK A H-ER A AR ET
(earring probe ) , IZIREN Y Wi vty 5 HAZ R 91 o S P L
A, AR AR TR 3 0 P S A R s 5 i 4
FEAERERED , R R P W55 . M 5Er 55
TR FETCAF AT, G W JC Tk 5 AR 1 29T 30k
ICARAIE TR A i S . SRS KRR 7 vk 183140
SEREE, B SRR 5 K0 Tm {F, [F]I E 3746
v Tm AE & 29 15 °C B, ] B 5 45 v 4G ) 4 5
PENR S ARRR ST B B AR AT B K 79 bp, 5 i
Kl S B RCR 19 bp, Tm {H 2 60 °C, 3" dyi K6 Il
GIBEIEECHK 11 bp, Tm {4 39.6 °C, Hr[a] () 49 >HdFE
R BT RTH AT T it T —XHR A
W51, SLERLE RIS 65 C U TERIME Y,
ARG I e 5

BEAh SRR B 4 422 PR AU T FH %) 34 2 il 1 o %
XSS R A B . i T, DNA &gt T
SRR, B I ANTEA, SON B S 37 °C, ZEAG I B
Az RIS B B T M PP 5 (8 R i B DNA 322 422 fify
R o 1 R UL RE T S R R AR A S A
5 A R T B b R FH 1992 Tag DNA 35 £2 i
Tii $AE FZ i , 30 A% RS MU I T AR VR 3 Ty
ARG SE . S5 4h , RCA WA —Fh {55 A B
KEG, KK TR 720 RUE, 5 PCR M H
A DLEA RS E B m i ae 71, X —m R UEFE
PO HAEAS A6 I B 304y KB L AR S8 sE i s
7 1N B A TR RN 58 AR TS [R] () EE R A R AR R A T4
DU, RTINS A 1% S8 A8 TURTAR I REAS .

H 1T , 22 F il 24 1 45 A% s I Tf 24 M 25 A0 i
ARG, ELI 25 P25 a7 K YRy T 25 W RIlE
FHR IR AR, BT 2 T A o, Tf 24 M 25 A% 1 .
WhzWi A EEE L, Al TR E BN —ZIRIT 4%
255 ASBIF GG BT A7 2 5 A% 43 A AT R AT T 2
KM A R T s, AR ST RCA HAR X 25 4% 43
ROFF BT A AR SERR Y rpoB BE R A58 AR HEATAG I , LAY
RSP R, TOTE R B DA EL RS R
SRy W S a Ul PO ¥ b AN N N80 A NN
ST TR 24 65 A2 R RGN s ), %o I R T 245 235 4% 1) L 3012
WA G H 2 A S
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