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Development of loop-mediated isothermal amplification
method for the rapid and sensitive detection of
bovine tuberculosis in Korea native cattle
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Loop-mediated isothermal amplification (LAMP) was developed to detect Mycobacterium tuberculosis
complex (MTC) and non-tuberculous mycobacterium (NTM) genomic DNA in blood samples of Korea
native cattle. A set of four primers, two outer and two inner, were designed from M. bovis and M.
avium genomic DNA targeting the IS6/7/0 and 16S rRNA gene, respectively. Based on 85 Intradermal
Tuberculin Test (ITT) positive blood sample and using conventional PCR and LAMP, the agreement
quotient (kappa), which measures agreement beyond chance were 0.93 (conventional PCR) and 0.97
(LAMP), respectively. The detection limit of the LAMP method was 2.0x10> copy/ml M. bovis and M.
avium cells, compared to 2.0x10° copy/ml M. bovis and M. avium cells for conventional PCR. These
results suggest that the LAMP is a powerful tool for rapid, sensitive, and practical detection of MTC
and NTM in blood samples of Korea native cattle.
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HE wet =38ttt 5+&% DNAE= LAMPS} PCR
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Primer

LAMPS} PCRo] ©]-8-3 primers= Table 13} Zch.
Z+ZF 471 9] primer (F3, B3, FIP ¥ BIP)2} 2711 9] loop
primerE LAMP primer design X = 713 (http://primer-
explorer jp/e/index.html)& ©]-&35}o] A &5} 11 PCR
primer+= DNA star 3% 13 (Dnastar Inc., USA)S 9|
gatol tiapelatsc

LAMP HtS
5252 uk3-2 Cho 5(20062)9] WS o] &5}o]
Aeatgick. DNA Z2F 2 ul, 22k 1.6 uMe] FIPS}

BIP, 0.2 pM2] F39} B3, 0.8 uMe] LF$} LB, 1.4 mM
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1. Elongation and recycling step
A, I. Starting material producing step " I:I‘c :: aB" fe o L
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, ® B B B e B 3 = EE:‘GF"_FE s 43
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81 B2  Blc Lal -4 \ ;z
= e = (&2 D
Fic Fz ;%’F“P \
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-~ .l ' Fig. 1. Schematic representation
\J"f g = _.;_c of the mechanism of
81 A
. (R nomre 533}\(5), e LAMP. (A) Steps in the
. g1 = . e " . .
s e S (= NG LAMP reaction. This
i : Eﬁ 81 ,% & figure shows the process
[ F2c
O e B:ﬂ";s"\m,r_a\‘ that starts from primer
B1 Fig F2c F1 ; Ble B2 B: oy, \\ .
v (G =i : e B“—E‘“f@ FIP. However, it should
B2 Ble - ! “ be remembered that
0 -2 9 o - DN{% synthesm. can also
= e et begin from primer BIP.
Bic B2 B1 Fic .
SR E= - (B) Schematic presen-
AP tation of the structure of
LAMP products in a lin-
B. e s earized DNA form. B+,
¢ [BahdFs] B-, F+ and F— stand for
4 E!’E"E’ the DNA  structures
— » ELFIIERFIIE] “II]:: ] shown in the boxes on
5 + -
o BT s 1o [ETERF E the left. +, the target se
Ed * 1] [F2c[F1]3 - — 7 HIE!EE!HEI EE}I@EIE] quence flanked by Bl
+ & [FlelF2] _TFT]3 = v i and Flc; —, the comple-
7. BR8] I 4
; 4 mentary sequence (Noto-
) mi et al, 2000).
9] dNTP, 8 U9} Bst DNA polymerase large fragment Ho] Y& & DNAE ZZ3} t}& 1.5% o722 A0
(New England BioLabs, Sumida, Tokyo, Japan), 8 mM A AV|dEo g2 ZEZAEL 39l5gtt
9] MgSOs ¥ SYBR Green (Invitrogen, USA) 2 ul&
- = = = 0,
go] F 25 w7t FHF B850l HESF Skl 65°C, 14] oI2iC ol E0|E A

2t AstHlolE oA HE-SAI AT

SEILAYS(PCR)

Table 12] PCR primer setE ©]-83}o] ZF A|79] &
= AEe ASith 24720 we) WhE §I W R

M. tuberculosis, M. bovis, M. avium subsp. avium, M.
intracellulare ' Escherichia coli « DNA (2.O><1O6
copy/ml)Z zFz} 108 Agt 3]43}0] 2.0x10°~2.0x10°
copy/ml®] =04 PCR H LAMPO] Izt 3 £o]
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Table 1. Sequences of LAMP and PCR primers used in this study

Name Primer Sequence (5'-3") Length

LAMP

M_common F3 TTTGCGGTGTGGGATGG 17
B3 GCGTCGCTGCATCAGG 16
FIP (F1ctF2) CTCTCAGGCCGGCTACCCGT-CGCGGCCTATCAGCTTGT 38
BIP (BlctB2) GTGTCCGGCCACACTGGGAC-TGCGCCCATTGTGCAATA 38
LF M CGCGGCCTATCAGCTTGT 18
LB M CTCTCAGGCCGGCTACCCGT 20

MTC F3 CCACCAGCACCTAACCGG 18
B3 TCGAGTACGCCTTCTTGTTG 20
FIP (F1ctF2) GACAAAGGCCACGTAGGCGA-TGGGTAGCAGACCTCACC 38
BIP (BlctB2) ACCGACGCCTACGTCGCAG-TCGATCGCGTCGAGGACC 37
LF MTC CTGCCCAGGTCGACACATA 19
LB MTC GCTTCCACGATGGCCACCT 19

PCR

M _common Mycgen F AGAGTTTGATCCTGGCTCAG 20
Mycgen R TGCACACAGGCCACAAGGGA 20

MTC MTC F ATGCCCAAGAGAAGCGAATACAGGCAA 27
MTC R CTATTGCTGCGGTGCGGGCTTCAA 24

M 1 2 3 4 5 6 7
2,000 bp— [ 1,000 bp—=
1,000 bp—

500 bp —

Fig. 2. Detection limit of IS6//0 using LAMP assay in M. bovis.
Varying dilutions of the IS67/10 genomic DNA. Lane 1~7:
2x10°, 2x10°, 2x10%, 2x10°, 2x10°, 2x10" and 2x10°
(copy/ml) of DNA, Lane M: Marker.

olu} PCR¥} LAMPY] W7 =9} Eo| =2 H| w3l
o5 F HAF Abo] 9] UA|=i= Cohen’s Kappa ++

o},
xS A X 5HATHAltman, 1999).

e
=

at

LAMPR0 QI OioIg=tHI2IZ = BT

Table 19] 52ZZHH-E primer setZ ©]-§35}0] A}
ohe] Felo] FZAHES Atk 2x10°5H 2x10"7

500 bp —

Fig. 3. Detection limit of 16S rRNA gene using LAMP assay in M.
avium. Varying dilutions of the 16S rRNA gene genomic
DNA. Lane 1 ~7: 2x10°, 2x10°, 2x10°%, 2x10°, 2x10%, 2x10'
and 210 (copy/ml) of DNA, Lane M: Marker.

A 108 3] A3t A Z ol A 1S6110 geneS EE3F M.
bovis®] HE3TAL= 2x10° (copy/ml)©] QI(Fig. 2),
16S tRNA geneS ZEZ3 M. avium® HEJA=
2x10” (copy/ml)7}2] 3 tHFig. 3).

PCROl 0|8t Mycobacterium #9| 2=

Table 19] PCR primer setZ ©]-83} conventional
PCR¥ S 2 1,030 bp (Mycobacteria spp.) 2 786 bp
(MTC) A7]9] FEAES S5t M. bovis?}t M.

avium®] AEIA = BE 2x10° (copy/ml)©] it}
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Fig. 4. Results of LAMP assay to detect Mycobacterium using bo-
vine blood samples. (A) Visualization on a light box. (B)
Visualization under UV irradiation : bright fluorescence in-
dicates a positive reaction. (C) Visualization in agarose gel
electrophoresis: amplification shows a ladder-like pattern. 1,
Positive control (M. avium); 2, Positive control (M. bovis);
3, Negative control (no template with NTM primers); 4,
Negative control (no template with MTC primers), 5, NTM
positive in case no. 1; 6, MTC positive in case no. 1; 7, NTM
positive in case no. 2; 8, MTC negative in case no. 2; M:
DNA ladder.

4= 0188 AZ0AMY LAMP 2t

107718] A EE tJAFCE SYBR Greens ©|-835}0]
LAMP 235 F3utgo= St dx o vk

o] ¥ BFde FlstAtFig 4).

AZ0AQ LAMP X PCRA Zil} Hlu

1| U4 AP (Intradermal  tuberculin test, 1TT) FHAM};
okd o=z Fholy 38utzle} SAo 7 FQlE 47ulkg],
85utz] o] Pl AJmof|A] LAMP W PCR A} Azt
Fig 49} 2t} fJAHEI= Y AEE dde=
Mol tubeE T NIER 43T F 79 tube
oM & g FHeS Holw MIC (Flg 4B,
5, 0% = WA tubeo ATk T éJ £ NIM
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Table 2. Comparison of the sensitivity and specificity of LAMP,
conventional-PCR and intradermal tuberculin test (ITT)
for the diagnosis of bovine tuberculosis in Korea native

cattle
Conventional PCR LAMP
+ - + -
ITT + 36 2 34 4
- 1 46 2 45
Kappa index 0.93 0.86

E38l, ITT ZAF}F LAMP @ PCR ZALS] Q3=
(kappa)= Z}Z} 0.933} 08602 SghS 1T 4
Q1 ¢l tH(Table 2).
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W3k AIKTable 2)o| A ITT /<1 2 F2l| <} 4527t Q1% 38utE|e} Ao = IH 47t & 85U}ﬂﬂ

Z¥zy 7]&9] PCR 9l LAMPRIO|A S0 2 29le] 39 @ AJRofA PCR AR} Hlwsto] et 7|9

ek E3HITT 249 1589 2587F 242 7]&9 o] 84S Hrlelgct LAMPH R M. bovis L M.

PCR 2 LAMPHo|A] oA o2 Folx it} o5 4 avium % AZE3AE 2.0x10° copy/mlZE 7|2
AbE 7He] EYA= 719 ITTAAR] tigt W= PCRY. T} 108 o]4fe] Hizhehg &1stlar, Tl A

oF Eolr o] A1 ¥ 7]& PCRO| H]s LAMPH o] £ &% ITT ¥4 PCR XJDJ‘%‘;F%PJ U 2] I (kappa) =

Ztbe 22 e E 18 o ITT g4AP) 2= 24 Z}7F 0931} 0.860.2 1 93k 3holslgint H}a}
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