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ABSTRACT Objective: To explore a more sensitive and specific molecular biology method for the diagnosis of tuberculosis disease,
on account of the limitation of currently laboratory diagnosis of tuberculosis. Methods: Ten strains of Mycobacterium tuberculosis (2%
10%-2% 10%ml) being popular in Jiangsu area were extracted. DNA was diluted according to 1:10 series dilution as templates to evaluate
sensitivity. Specificity were evaluated using the related bacteria and Mycobacterium as control. Referring to the relevant domestic and
foreign literature, twelve random primers were selected for RAPD (Random Amplified Polymorphic DNA). 12 tubes of RAPD products
were run by electrophoresis in 2% agarose gel stained with DuRed and visualized in UV light. The high brightness and clear bands were
selected and excised from the 2% agarose gel by means of Gel-out kit. The products were extracted and cloned into the TA cloning vector
(pEASYTM-T5 Zero) and sequenced. The sequences obtained were blasted against the NCBI database to verify whether a MTB DNA
fragment or not. A pair of MTB specific primers were designed and synthesized according to the determined sequence. The specific
primers based PCR were performed using RAPD products as temples. The specific MTB bands were showed by PAGE. The sensitivity
and specificity were compared between this novel method and routine real-time PCR test in our hospital. Results: Three DNA sequences
from bands amplified with the random primer IS986F, S535 and IS986R and MTB sequence from BLAST-nr were highly homologous.
MTB DNA diluted in 1:10° can be detected by random primer IS986F combined its internal specific primers with 100% of specificity.
MTB DNA diluted in 1:10° can be detected by random primer S535 combined its internal specific primers with 90.0% of specificity.
While MTB DNA diluted in 1:10° can be detected by random primer IS986R combined its internal specific primers with 80% of
specificity. MTB DNA diluted in 1:10* can be detected by routine real-time PCR. Conclusion: A new method for the detection of MTB
based randomly combined specific PCR has been developed and has more sensitivity than routine real-time PCR with 100% of specificity.
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Fig.1 RAPD profiles of Mycobacterium tuberculosis( MTB ) using 12 random primers
7E:M:100bp DNA Ladder; 1.5 70;2.5]|4 80;3.5|%7 90;4.5|4 PT1;5.5|41 PT2;6.5|4 MT;7.5|4) MTBC-RP;8.5| 4 IS986F;9.5]| 4] IS986R ;
10.5]49 INS-2; 11.5]4 S535;12.54) ERIC-2, BErskFrmstTEIR AL H b RIS A&, A ST A RIEH A S MTB 5 E LR &S
Note: M:100bp DNA Ladder; 1.primer 70;2.primer 80;3.primer 90 ;4.primer PT1; 5.primer PT2 ;6.primer MT ; 7.primer MTBC-RP; 8.primer
IS986F ;9.primer IS986R ; 10.primer INS-2; 1 1.primer S535; 12.primer ERIC-2, The bands which black arrow indicate is tapping purified and clone into

carrier, the bands which red arrow indicate match with MTB.
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Table 1 RAPD profiles of Mycobacterium tuberculosis( MTB ) using 12 random primers in the first step

Primer name Primer sequence (5' -3" ) No. of bands Source(reference) and description of the primers
Primer 70 CGGCCACTGT 6 Classical RAPD primer”
Primer 80 CGGCCCCTGT 10 The same as above
Primer 90 CGGCCCCGGT 15 The same as above
Primer PT1 ACGCGCCGTCGGTGG N The target sequence of MTP40!7
Primer PT2 CCCCCACGGCACCGC 6 The same as above
Primer MT ATTCCTACCAGCGAGCTGCCCG 2 The target sequence of Mycobacterium 32 kD protein genel'®
Primer MTBC-RP  CTCGTCCAGCGCCGCTTCGG 3 The target sequence of 123bp fragment in MTBU!?
Primer IS986F ACGCTCAACGCCAGAGACCA 1 The target sequence of 1S61102°*
Primer IS986R GATGAACCACCTGACATGAC 7 The same as above
Primer INS-2 GCGTAGGCGTCGGTGACAAA 1 The same as above
Primer S535 AGCGTCTTTGGCGTCGGTCTTG 1 The target sequence of 1S900 !
Primer ERIC-2 AAGTAAGTGACTGGGGTGAGCG 2 The target sequence of enterobacterial repetitive intergenic consensus®

F2 18 12 MBENSI Y5 5/E RAPD 458
Table 2 Specificity of newly prepared PCR primer pairs and amplified band sizes in the second step

Name of specific primers

Sequence of specific primers

PCR product size and description

F-IS986F TCAGATCAGAGAGTCTCCGGA 182bp
R-IS986F ACCGCAATGCAATCGAGATT Is6110 transposase
F-IS986R CGCTCGCCTTGAACCAGG 451bp
R-IS986R CTCCGCCTCGATCACCATC Hypothetical protein
F-S535 GACATTGTTGCCGCCGATAT 193bp
B-S535 TAGTGTCGGTCAGCAGTTGT PPE family protein
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Fig.2 Sensitivity analysis of amplified MTB RAPD with specific primers PCR (primer IS986F)
7£:M:100bp DNA Ladder, #4545 4 ( 1,2 )JddH,0;( 3,4 )MTB DNA 1:10;( 5,6 )MTB 1:10%;( 7,8 )MTB 1:10%;( 9,10 )MTB 1:10%; (11,12 )MTB 1:
10%(13,14)MTB 1:10% (15,16 )& F & (3ng/pl )3 1:10 #%E; (17,18 )& HHE 1:1000, (FHIKES RAPD =41, iH¢MBEUKE B 5 R 1E 540314
BI=4o )
Note: M; 100bp DNA Ladder, The DNA templates:( 1,2 )ddH,0;( 3,4 )MTB DNA (1:10 dilution of 3.08 ng/ul); (5,6) MTB 1:10%(7,8 )MTB 1:10%
(9,10 )MTB 1:10%( 11,12 )MTB 1:10%( 13,14 )MTB 1:10%( 15,16 )Staphylococcus aureus DNA( 1:10 dilution of 3 ng/pl); (17,18 )Staphylococcus aureus

1:1000. (Odd lanes represent RAPD products, the adjacent even lanes represent the products of specific primers amplification. )
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Fig.3 Sensitivity analysis of amplified MTB RAPD with specific primers PCR (primer S535)
7£:M:100bp DNA Ladder, #4545 4 ( 1,2 )JddH,0;( 3,4 )MTB DNA 1:10;( 5,6 )MTB 1:10%;( 7,8 )MTB 1:10%;( 9,10 )MTB 1:10%; (11,12 )MTB I:
10%(13,14)MTB 1:10% (15,16 ) &8 B DNA(3 ng/pl 3% 1:10 #%E; (17,18 )& HH 1:1000, (FHKEH RAPD F=#), HHEMBHIKE A RIES Y
IR )
Note: M;100bp DNA Ladder, The DNA templates :( 1,2 )JddH,O; (3,4 )MTB DNA( 1:10 dilution of 3.08 ng/ul); MTB 1:10%; (7,8 )MTB 1:10°;(9,10)
MTB 1:10%( 11,12 )MTB 1:10%( 13,14 )MTB 1:105% ( 15,16 ) Staphylococcus aureus DNA( 1:10 dilution of 3ng/ul);( 17,18 ) Staphylococcus aureus 1:

1000.( Odd lanes represent RAPD products, the adjacent even lanes represent the products of specific primers amplification.)

2.4 RAPD BE & 45 R 14514 PCR #1% MTB R4 R4

LR 5. 6. 7.8 8 AIAIS |4 IS986F 41 7E ira X i
I TELAEY 8, R TR 100%, 1514 S535 £ 7EAE Bk (8
VKIE ), KIGAT (10 JKIE ) , S iR (AT R (12 VK ) , H SR 2R g
B (14 YKGE ) #FAAAE— SRR L ad1g, Je R AR (8 YkiE)
Fr S A AL S MTB R 3 4 B A IR, HORR
SEMEN 90.0%. 514 1S986R ZH7E TE TRAAFT R (12 ki ) S 4a4k
B BT (14 JKIE ) B9 43S i AF 72 MTB 438 {7 B R 30
[F B %7, AR o 80%.

2.5 iR %I & (Real-time PCR )#&ill MTB By 1%

B9 P B £ B m] IR B, R 1R IR S5 R 1
I DNA(3.08ng/w)#% 1:10 T4 FE), B 5 2(MTB 1:10%), #
3(MTB 1:10%), #£ /5 4 (MTB 1:10%) , #£ 5 5 (MTB 1:10% % ¥
6 (MTB 1:10A8FA 434 AL 5L 4,5 Z [A] ) — Z5 0 L0 0R i i
TR ZR R BRI AR & B S 2 AR 5.6 1 S h 2R Ar

TR MG AT S 3G 2 A O, e BRGRT A I Whr o
38 2 T B e 5 B ot A I, S S B
BURER: 5.6 IEELY 1 o PRI 0 & B0 nT A A R 10% A5 Y
MTB DNA,
3 g

I AR B A SCEERR P IRAT , BN TG, S5 AR
B Z v st ) 11 B0, T 2 A0F R A3 A P2 B R A B RN T
AR R AT B PR VR AR B R 5 R, R 205 B i e 25
Bt PIR R I IR TAT . KIALIK  VE s B i T " S
T PR 2 A DO ] 5 e IR A B, — LR BB AL I RIS
FFEE, REEJL TR .: $5X PCR, real-time PCR,LAMP
(AN FHERY ) K Xpert MTB/RIF S8 H AR (1) % & i
H L MARRRREE 14505 T 45 i i, LR IR Es 1% 4K
I, WA R /N JLES A% R VR BAME i 45 4%, Il A5 4% L) B HIV



REYES#HE www.shengwuyixue.com Progressin Modern Biomedicine Vol14 NO.29 OCT.2014

+ 5613 -

M1 2

3 4 5 6 7 8

2 10 11

1213 14 15 16 17 18 M

4 RAPD BX &5 R 454 PCR #1#8 MTB IS EES 47 ( 514 ISO86R )
Fig.4 Sensitivity analysis of amplified MTB RAPD with specific primers PCR (primer IS986R)

7 :M:100bp DNA Ladder, #4543 54 (1,2 )ddH,0; (3,4 )MTB DNA 1:10; (5,6 )MTB 1:10%;( 7,8 )MTB 1:10°; (9,10 )MTB 1:10%; (11,12 )MTB 1:10°%;
(13,14)MTB 1:10°% (15,16 )3t BRI 44 & % EH2EUAT DNA(3 ng/pl )i 1:10 B%E; (17,18 )& HE 1:1000, (FFEKIEAN RAPD F=4), 1H4MBHKiE
ARSI MY IBH =, )

Note: M;100bp DNA Ladder, The DNA templates :( 1,2 JddH,0; (3,4 )MTB DNA( 1:10 dilution of 3.08ng/pl ); MTB 1:10%; (7,8 )MTB 1:10°;(9,10)
MTB 1:10% (11,12 )MTB 1:10% (13,14 )MTB 1:106; ( 15,16 ) Staphylococcus aureus DNA( 1:10 dilution of 3ng/ul); (17,18 ) Staphylococcus aureus 1:

1000 .( Odd lanes represent RAPD products, the adjacent even lanes represent the products of specific primers amplification. )
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Fig.5 Specificity analysis of amplified MTB RAPD with specific primers PCR (IS986F)
£:M:100bp DNA Ladder, #4853 728( 1,2 )ddH,0; (3,4 )MTB ;(5,6 )& H & ; (7,8 )$EBKE; (9,10 )R &E; (11,12 )T EEHF & ; (13,14 R4 R
EARAE; (15,16 A REREMATE; (17,188 BERERE; (19,20 )ITRSEKE . (FHIKEA RAPD §187=4) , B4R BEIKE A SIS |1 i 18 i =
o )
Note: M;100bp DNA Ladder, The DNA templates: ( 1,2 )ddH,O;( 3,4 )MTB; ( 5,6 ) Staphylococcus aureus; ( 7,8 ) Streptococcus pneumoniae; (9,10)

Escherichiacoli;( 11,12 ) Klebsiella pneumoniae;( 13,14 ) Pseudomonas aeruginosa;( 15,16 ) Haemophilus influenzae;( 17,18 )candida Albicans;( 19,20)

Crytococcus Neofonmans (Odd lanes represent RAPD products, the adjacent even lanes represent the products of specific primers amplification.)
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Fig.6 Specificity analysis of amplified MTB RAPD with specific primers PCR (S535)
7£:M:100bp DNA Ladder, #5453 514( 1,2)ddH,0; (3,4 )MTB; (5,6 )& #IHE; ( 7.8 )4EBKE; (9,10 ) KBFAFE; (11,12 )R HAHFFE; (13,14)iR4%
fREREE; (15,16 ) RAEAREMATE; (17,18) 8 BEIKE; (19,20 ) HBRIKE, (FHIKEA RAPD §187=4, iB4MBEIKE A RIS | ¥ 181 =
o )
Note: M;100bp DNA Ladder, The DNA templates :( 1,2 )JddH,0;( 3,4 )MTB; (5,6 ) Staphylococcus aureus;( 7,8 ) Streptococcus pneumoniae;( 9,10)

Escherichiacoli;( 11,12) Klebsiella pneumoniae;( 13,14 ) Pseudomonas aeruginosa;( 15,16 ) Haemophilus influenzae;( 17,18 ) candida Albicans;( 19,20)

Crytococcus Neofonmans ( Odd lanes represent RAPD products, the adjacent even lanes represent the products of specific primers amplification. )
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Fig.7 Specificity analysis of amplified MTB RAPD with specific primers PCR (IS986R)
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Note: M;100bp DNA Ladder, The DNA templates :( 1,2 )JddH,0;( 3,4 )MTB;( 5,6 ) Staphylococcus aureus;( 7,8 ) Streptococcus pneumoniae;( 9,10)

Escherichiacoli;( 11,12 ) Klebsiella pneumoniae;( 13,14 ) Pseudomonas aeruginosa;( 15,16 ) Haemophilus influenzae;( 17,18 )candida Albicans;( 19,20)

Crytococcus Neofonmans ( Odd lanes represent RAPD products, the adjacent even lanes represent the products of specific primers amplification. )
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