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Rapid and Sensitive Detection of Brucella spp. by Loop—Mediated Isothermal
Amplification Combined with a Lateral-Flow Dipstick
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(1. Animal Disease Prevention and Control Center of Tianjin, Tianjin 300402, China;2. Animal Husbandry
Development and Service Center of Tianjin, Tianjin 300384 , China )

Abstract: In this study,we established a rapid Brucella spp. detection method by combining
loop-mediated isothermal amplification (LAMP) and lateral flow dipstick (LFD) examination. The
method used four specific primers targeting to Brucella spp. OMP25 gene for LAMP and one
fluorescein isothiocyanate (FITC)-labeled probe to specifically hybrid to the biotin-labeled LAMP
product for LFD examination. The optimized amplification temperature and time were 63 °C and 50
min,respectively and the total procedure time was only 80 min by taking sample process into
account. The established LAMP-LFD method could specifically detect Brucella spp.. Its detection
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sensitivity for pure bacterial culture reached 5.4 x10° CFU/mL,100-fold lower than that of
conventional PCR established using the outer primer set. Overall,the established LAMP-LFD
method could rapidly and specifically detect Brucella spp. and is simple ,economical and intuitive. In

addition, it requires no other auxiliary equipment,thus it is suitable for basic laboratory tests,

emergency use and in on-site monitoring and has high promotion value.
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Table 1 Primer sequence

K (IR FHI(5'-3")
BRU-F3  LU4hs1 4 18 GACGGCCTGGAAGTCAAG
BRU-B3  Fiif4hs1 4 20 GGGTGTAACGGTACTCAACG

BRU-FIP LN GI49
BRU-BIP Rl 5[4
BRU-HP 2428 4l 21
1.3 HERKITE DNA EEARER

7 FH 40 BT 32 PR 4 DNA 38 Bt 5] 8 %6 7 6 QA
PRLZN TR 15 FR MR BOCRE L2 DNA L, =20 CRAAFE 75
1.4 LAMP ¥ & &AL

DAAR & FCAT T 2L [ 2 DNA 2 A4S BE A i i
HEAT 9 38 25 R A Ak (8 P AT Rk i e, A v A
M B A 24 T 5.4x10° CFU/mL, 5 AR B o 135 A 24
F 5.4x10° CFU/mL), LAMP W& £ 0 25 wL, £
& Ixbuffer(Tris—HCI 20 mmol/L(pH 8.8),MgS0, 6.5
mmol/L,KCl 10 mmol/L, (NH,),SO, 10 mmol/L,
Triton X-100 0.1%,), #t36 1.6 mol/L,dNTPs 1.4
mmol/L,4h51%) BRU-F3 #il BRU-B3 4 0.2 wmol/L,
W54 BRU-FIP Al BRU-BIP 4% 1.6 wmol/L,Bst
DNA REH 8 U, e [CFFRSEEHLZ DNA £ 2 pL.,
BF P 6 R R AT AT B AR DNA S TR A W0 — & I
ETFREE, 280 C # 5 min Z 1k, FH
1.5 ofdL (35 A0l B I Pl Vi A 7= 1 . 4 BITE 61,
62 .63 .64 .65 CFH 44 60 min, HWIEY 1R E
R SN TR 43l RL 20.25.30 .35 .40 .45 min
R LB R 7E 63 CHEATH 4G, M4l 4 38 BOR 0
T LA S B ]
1.5 HEERIRKERN

FIREAL I B9 LAMP SRR & i FHZ A &
PRI 514 (BRU-FIP) ZE 47 LAMP 973 )2 1, )& I
GERBIN T Ak N, TAE OB AR &R Hoin A 20
pmol BI#E%T BRU-HP,63 CZ4%¢ 5 min, 2238457
J o, MR B 8wl 2R 38 WA #] 100 L

49 (Fle:22nt,F2:23nt) GAGGTACGGCATAACCGGGTTCTTTTCGGAATTCCGGCTTTGAAGGCTCGCTCG
42(Ble:21nt,B2:17nt) AACAACGGCTTGGACGACGATTTTTGTCCGTCAGCTTGGCTT
ACCCAGTACGGCAACAAGAAC

Buffer HIR~5), ¥ LFD i4CRBE A, W45
min , PR WA 45 1
1.6 LAMP KR BENE

W A B SRR Y B B TR R (R Y T 5.4x10°
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[F] e 8 e B A1 TRT VR 2R A7 2850, IO TR A 7T 0 4t B
KIZH DNA, - Lt S Bk, R A A6 B9 LAMP 2 )i
RRBATY G PG W50 W2 1.5 ofdL Bt b e
JE L UK R LED A4 3G 25 58 [R] I 76 AH W] A5 Al vk
R, LL4h5149 BRU-F3 #1 BRU-B3 % 351
Y, iE47 PCR ¥4, PCR AR ZR K 25 L, Tag DNA
R AW (5 U/pL)0.15 wL,dNTPs (2.5 mmol/plL)
2 uwL,BRU-F3 (10 pmol/nL) 1 wL,BRU-B3(10 pmol/
wl) 1 L, #i4% 2 wL, PCR W A#2FF:94 °C 3 min;
94 °C 30 5,56 °C 30 5,72 °C 30 5,30 MEH ;72 C
10 min 4" 3= W) R H 2 o/dL SR WE BE I L Pk A
1.7 LAMP B4 2 HiRLe

W AT B LOFF B (SRR A & TR B8 4 Bl A 4 [
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W O157) FE R A B2 , ¥ FREE 57 19 LAMP-LED £ Ul
J7 % TR SR
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W A 5 DT T 40 781 1% 77 VR 48 7 A R 9 AU
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AR & R IR [ 41 DNA, I DAk SR B, 1) A
AL LAMP FOSAR 26479308  S0ibiZo ik i s a2

| 2 =5l

21 LAMP ¥ ig&EmME:
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FEVEAT LAMP 9738 | 45 5 WL 1, 75 [ BE 5 B R 1R &
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) ol S R EE Ry 63 °C, LAARS ey R L KT 4H DNA
(5.4x10° CFU/mL)E R BEAR B, )2 1 20 min B 0] 46
I F A 2y | R RE 25 min 7RG R B B W B L P ik
2 fie i (B, AT A 3G B R )R] 4G 7 4k RO B
P 2 (] 2(a)) 5 DLACAR M B L D 24 DNA
(5.4x10* CFU/mL) YE A AR B | 520 20 min A GEAS
TR B8, SN 25 min A KGN F) B B 7
N 30 min, 37PN BB AR (&1 2
(b)) o ABALRFE FAS I B, 78 B I AR A vk B R AT R
AT RE A 55 B, e LAMP 988 i) f¢ 4 52 17 s 1)
7 40 min,

M:100 bp DNA ladder marker;1,2: &5 E N 61 °C;3,4.:
F i BE SR 62 °C55,6: S Wi B 63 °C 57,8 K2 I it B2 Ol
64 °C;9,10: S MLy 65 °Co H,1,3,5,7,9: LTI % 5
FARAE AT ;2,4,6,8,10: LUAT & [CHF 1A 5 26 DNA (5.4
10? CFU/mL) A HAR
B 1 LAMP &g E Rz
Fig. 1 Establishment of LAMP reaction temperature

M 1 23456 7289 1011 12

()P FE I DNA(F 24 F5.4x10° CFU/mL)

(b) BURAE A ZH DN AWK (124 1°5.4x10> CFU/mL)

M:100 bp DNA ladder; 1,2 5 i B[] 25 20 min; 3,4 & N B
[6] 4 25 min;5,6: JZ W ABF[E] A 30 min;7,8: S i [E] R 35
min;9, 10 52 B I 40 min; 11,12 52 )% W ] N 45 min, J
H,1,3,5,7,9: A £ B F KR R ;2,4,6,8,10: LI
[l 94 JBE 14 7 45 EC AT T 2 1A 21 DNA A 454
B 2 LAMP [ 7 il 69 8 52
Fig. 2 Establishment of LAMP reaction time
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FEARACT LAMP AR 2R 4 AR W R ARic i)
W51 % BRU-FIP #5417 LAMP 9734 [ i, |2 i 7= )
28 1.5 o/dL (BB HEE IS FL DK A I & 30, DL R AR A
B IRFFE AP AT B IOFF I 08 Bl A & LT B AR
A & BT B FE R 20 DNA S AR A9 e N7 P= ) vl
PRRRAE M B R 25y, DL HAtL 6 Bk I TR 3 R 4
DNA B4R 8 S W 7=y b R DL B ™14 (& 3
(a)), ¥ ¥&™=¥2s LFD kil & B, LL2E b A 4 [CFF
DA A LT T A A LT 1R R R b A
[CAT R 2 DNA SRR 1 52 1 7= ) Al fff LED
YUAR IR I 2R 07 BB B FHPE A5, DA 6
PRI I B 55 R 2 DNA SR #5248 1 B 1 7™ ) #E 1 AR 2%
(ARG I 28 7 A MR B4R (1 3(b))
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(b)
M:100 bp DNA ladder marker; 1: LA TG B 2% B T K VE B
25 LA FAG 65 [CFF B 2 0 A 6 COAT B8 5% A 6 IR AT 3
R Foft A B G AT 581 5 R 20 DNA B0 5 6~11 ;43 1) LA B3 =
B R WA RE YR R ERIRE
Ji 25 FF B R OK i 2 A ST 0157 AL P 41 DNA AR
3 LAMP #1 LAMP-LFD %14 417

Fig. 3 Specification analysis of LAMP and LAMP-LFD
2.3 LAMP-LFD W R S ENE

A& AP B R G B (M4 T 5.4x10° CFU/
mL) AT 22 10 A%V B2 B0 B2 B, X B I AN (W) Ik
JEE A S 0 RV AT 0, BB TR AR I U B U PR 4
DNA, DL [A] ¥ B2 7Y 3 (R 4 DNA A A5 A a8E 47 11
LAMP-LFD 2558 BoR , N =48 1.5 o/dL 93 fig
WEEE I P, VRGN 1Y e AR AR e B Ay i s e 2 1 10°°
7, H 5.4x10° CFU/mL(E 4(a) I 4(b)) . i LALRE
FERBEAR EAT PCR 43, T A6 0 1) d5e AR AR R oy
JRUA e FE () 107 4%, B 5.4%10° CFU/mL(E 4(¢)).
A0t , LAMP-LFD J7 ¥ ) 2 8B 72 R FH A8 51 9
BRU-F3 .BRU-B3 %37 PCR J5i% A9 100 £,

M 1 2 3 8§ 9 10

7
-

e

()
M:A:100 bp DNA ladder marker;B:1~9; i & [T % DNA #
BEW R BE 4 5 5.4%100~5.4x102 CFU/mL;10. VI TEH A5
TRAE AR
E 4 LAMP.LAMP-LFD #1 PCR &K R 8 E Lk &
Fig. 4 Sensitivity comparision of LAMP assay of LAMP
LAMP-LFD and PCR

24 LAMP-LFD HEE M

L 3 93 A 5 ECT 181 4 PR VRRE i, 28 P AR 4K
Joi , FESE 10 A% U 3 16 3 70 BE 28 S AR A M ¥k 32 (20
5.4x10° CFU/mL), fii AP 3E 41 DNA 42 B0
SEPOGE 2 DNA, DLt i AR #E47 LAMP-LFD
Pyl R EIZ 1.5 g/dL B R B R I R Tk A
LED A6 0 35 77 3545 0 58 A% PHPE 25 5 (LI S) , i
BTN B R e AT

M 1 2 3 4 5 6 1 2 3 4 5 6
JaELk
[oallE24
(a) (b)

M. 100 bp DNA ladder marker;1,3,5; LAJGH 52 7K/ H
B 52,46 5 AT AG I ¥k 3 (5.4%10° CFU/mL) 049 455 4 [ FF 14
PR TR BOE R 20 DNA 1R A AR
5 LAMP 1 LAMP-LFD B E £ i1
Fig. 5 Repeated test of LAMP and LAMP-LFD

|3 o it

Aii 45 IOAT B2 — FHRE SR A & 2k 0 A& IR
RIS Sy A R (o =L AT SNl =y
Yo B, 0 NSl W ) Az i 22 A T Y
o ARSI JEL AL, T JR X i B R A T DR | R AR ME B
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) A U 2 A 55 B 3 AR 0 RN IR £ i T AR e 4 ) T
BEFB, PRI N — A | R AR A T A
RAFRE M T A RN AL T AR L,

OMP25 J2:41 & [CHFF & 8 22 Y Bo 0, g )
12 AFAE TN ) K 5 ) A B[O 18 OM P25 R J2:
& [P PR S B B 5 oAb 40 i 35 ) JE R
FRPE , R, OMP25 3£ K E %k A 6 ECAT 8 4 1
K J5 75 (41 PCR %% PCR %5 ) MY Ry s LN 2 —
VB2 L OMP25 55 AR R A 5 [GFF 7 LAMP A5l 7
BHBEER ZIFT 4 Z519 8 14 DNA 44, H
T LAMP-LFD &, JF 004k 148 s 454, 451 3%
W, A ERIC R LAMP 738 54 I VTR R 63
C F5c A4 S R 1) 28 40 min, 3734 J5 5 5 1 77 ) 5
SRR 9 FEARIC A DNA #£4FT 63 T4 5
min, AT LFD KW, 5 min Ji BV AT 38 i 00 246
A B ILL A0 5 AR FE 4R i R
B[] K AR 4 4, A RE B 50 min, 5 JH: Al 46 0 2 A A
R N R TSR e

G0 4 A 11 T2 A R R S X PR A
RAEE EEN  LAMP WA B R AT b7, 9
BOSORM R, E 1 h ] 58 Os S SE P 2 101 %
Py R B0 E TS IR R SO R A R A
LAMP 4734 45 5 0] 38 528 Syt B 8 e el vk ™ | H A )
o RN b SRR N e B 0SRG2 A Ty
BoRHFIE T LAMP RN 512 = E 4, ik
JURN A E J7 ¥ AN REAE X 20 e S P M AR R e 9 3
IF H YA & BB AT, b R R Ty i 7E 5 SR A
I SR KT 53 A, B RGN % S0 5 Ty vk v
FHI — L Yu Rl X LAMP 47 38 2 I 2345 — 26 17 4
JH, e SYBR greel AT 554 3 7= W) 4% g 1) /)N 1 &5
G R 7y RS H PRI T A i R
B R B LG E AR I 2 6 A B RS T kB 2 10

SE Wk

i AR E RO I 3 B B = s G B HILE T LFD
XF LAMP 9 3 25 52 11 4 s W2 AR08 15 91 22 [ 19
Fi Sk 238, kT SR E O I L Uk L E A ARG T e
JEE e RSORS00 okt | A T 2 ' A ) T R R
AR R SR 1 3 A BB M #E LAMP &3 19 5%
filt b tF— 25 4 v T RN R SR R AR AR
o JLAMP-LFD i & [CAT & 09 4 U BR 2 5.4 x10°
CFU/mL, 5 PCR J7 & A0t 2 805 &5 100 45 FiF
4B 521 Ohtsuki R™ Lin GZ2" Song L% & 57 1)
LAMP 2B {K % | 55 Soleimani M4 2 38 i) 46 ) B
i = DS A 45 S TR AW Sl o e IR
T, 80 R LAMP-LEFD #4740, LAMP-LFD #i
£ FCHT A A S P G T 245 SR 3 Y, 4 R AS ) 1) A
QT P 25 2 BH M R, H At 6 #k A A 45 EC AT 1 35 Ry
BRI M U0 B A2 R v R R M A O AN 5 A G 4
P A A8 RN & 3 S8 o LAMP-LED £ A 6 ) 41
IO B 1 ARG

58 25 S vl DL A6 & [CAT 1 LAMP-LEFD
R 3 AEORE LR B PCR i i 2 S 9 i bk
R H e B ASAS I a ARAYTE 80 min, HiZ 4%
ARATLEREIR AL AR B A5 R I PRt 484 f i, R
BEORE v, M AT FRAT B Y32 W B 4 SR AIE T B 1 &
D5 1), R R F B B A I T B, HE T 3
J2 0B 4G I g

R

DL A & T B OMP25 FE D b bR 2 S 6
LAMP-LFD $£ AR | Ge % Pl | 5 b A5 0 15 & [ AT
B, R R U KB 5.4x10° CFU/ mL, {85 75 3R 1
B ATl R R 2R I ML I 92 D b RS I 1
g
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