A2 24 1
20234 3H

S PN

Journal of Huazhong Agricultural University

Vol.42 No.2
Mar. 2023,32~37

XNT T, o SR A5 A I 2 T T AT LAMP G )5 ik i 7 [T A ol 22441, 2023, 42(2) : 32-37.

DOI:10.13300/j.cnki.hnlkxb.2023.02.005

F i S KA =E T4 LAMP #7575 B 28 L
XFF, HH L HED Y KA, HE

1A P R RF M EFR/ RLBEDFTREABEEH RN 2B EEEET, KX 430070;
2.3 B B RAT IR B FRAUS R A M, KX 4300705 3.4kt 3 E, KX 430070

TEE NS —FPEEAS TG | ORI A I 2 [RAT B (Mannheimia haemolytica) BT A AL LAMP K il
22, I LAMP 5 W v, LA i1k 2 CCHF B ORSFSE B 2eeC TR ANt 5 1) 05 100 B A5 140, o G B it
BE Mg™ He i (dNTPs e B 45 2 R b AT A0k, PRI T 7 6 i UM R S St I . 25 R R RO IR AE
68.2 °C.6 mmol/L Mg"" .1.6 mmol/L dNTPs 454 N ik $f Ak, 40 min P 58 BRI I T 38 2o P HR 40 e 25 5, %of 40
B R ARG I R R 6.7 X 107 cfu/pl , XiF ZkC 5 41 BURE B SR IR BR 2 7.9 X 107 copies/pL. , SUSME R 5 15 F
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IFEIFRAT

LR C 2 JORE R 94 1 22 QAT T K3 2 v ih AR v
R I A A A W B R i 55 R 4 R A S
B3 R A E PRI T 2 R A TR A
1.2 EFEMEZXF

AHIE S B8 B LB/ Amp 15 97 2 | LB/ Amp -
BRI FRHEHN TSB Ky 7 B4 L A3 ] . %
i # Bst 2.0 DNA Polymerase ,MgSO,.dNTPs Il H
Bio-Rad Laboratories; Eva Green20 X 4%} 4 H Bio-
tium; SYBR Green [ 44 #} | 6 X Loading buffer 4 H rd
SUAMERR A YA IR A H
1.3 SI¥MHEITSEK

A 5 i 1 2 LK B e 3 R T 51 (GenBank
s CPO17484. AT I BET . & 2 &5l
Yy (FIP/BIP) , 2 5 4 51 9 (F3/B3) Fl 1 4 3£ 51 )
(LB), 51915 Bz 1w, 519 h R OUERHE YA
PR Rl .

F1 AHRPMASIMER
Table 1 Primers used in this study

51 ¥) 4 %% Primer name

51¥IFF 3 Primer sequence (5'-3")

NS TTGTTGCAGCAGGGCAGGAGC-
Forward inner primer (FIP) GACCAGTTAGATAACCATAGCG
TUFNRE AACCAGAGCGGTGGCCTCTA-
Backward inner primer (BIP) ~ AGGTGGTGTTGTTACGACTG
F35|% Forward 3 (F3) CAATCGCATCCGGGCTAA
B354 Backward 3 (B3) TCCGGTACGGTTCAGCAA
SINEE
ARG CATCGTCTTCCGGCACAA

Loop backward (LB)

1.4 PFEMRBHFE

DA eeC N 20 Fokr 9 i %% . 7 pUC 57
;AR LA kC I (GenBank % 3 5 .
CP017484.1)238 bp h Bt , #4) Bt ZRrC J DX H 20 ki .
B0 A ReC ORI T AE LB/ Amp W 55 57 5 rh
37 °C 180 r/min ¥5 % 12 h, F§ Omega D6943-02 Jfi #i.
AN G R B DNA AR by BT B (P2 UL 3R 2 IR
WA BV, —20 CIAFE & .

2) ¥ I PE S FCAF I DNA B4 o B i 11k 2
ICHF PR #2 A F TSB K 72 3 v, 37 °C 1180 r/min 4%
Fi 6 hy KIS % SOk [ 3 ] BTk 7 i, R UA B v
F 20 pL T K H, E ¥ 10 min J5 KA 1 min, F
10 000 r/min 20> 2 min & W HC 3548 A BHPE X RS
—20 ‘CIRAFE H o
1.5 T4 LAMP % 75 5% B & 52

D RSN IR R AL . AT 746 i

MR Z A 10X Isothermal Amlification Buffer 2.5 pl. .
MgSO, (100 mmol/L) 1.5 pL..dNTPs (10 mmol/L)
3.5 p. \LB (10 pmol/1.) 1.0 pL. \FIP (10 pmol/1.)4.0
pL BIP(10 pmol/1)4.0 pLL \F3(10 pmol/1.)0.5 pl.
B3 (10 pmol/L.) 0.5 pl. . Bst 2.0 DNA % £ i (8 000
U/mL)1 pL . DNA#EH 1 pl A K ddH,O 5.5 pl.. %
FH A ) 728 5k X S 4% 1 0 R AR R EATARAL L iR
JE 4 %1 L) 60.6.62.5,65.0.,67.0, F 68.2 °C ¥ 47 )
N5 Mg W43 3L 0.2 .4, 6.8 i1 10 mmol/L

17 RN dNTPs ¥ B 43512 0.6 ,0.8 1.0, 1.2, 1.4 fI
1.6 mmol/L #47 ) i ; #5191 43 51 L4 0.0.2., 0.4

0.6.0.8 #1 1.0 pmol/L #E47 | I , |z I 25 3 5 Ctf
/N ] S I R R . 9Ot E B PCR A Ct{A B
JIN B AR L B R A 2R BRI SR AT A LAMP [ 2
A

WAEDEE 1 PCR T 37 1 45 T4 28 58 iR g
WA TC T o Bl S 7E SNV T T 0 30wl VA4 A B
HEAT BT, OF AR SN A A 5E FR N 0.2 p SYBR
Green | Yukt, ¥ 504 & T 68.2 ‘CHE KB
K 40 min, I 45 RS 5% R RN A, 1 gLk I g
WARRA  TE AR T MRS, e
FH VR FR TG (7R SRy e S g £ T S BH M F G £ AR
SRy B €A R

2)FESEERTI . SR FAS SO MRS 07k 117 ik
(R 15 g J EA T AR S PR ARG o B BB 15 i it 1Y)
DNAVE R, IR 2000 5 B SR AR 2 53 51 %6 3%
15 oo i AR A7 RS, R i 52 1 A8 e 2 €2 1) 72 A
ATALAL LAMP B9 FE S o 2 35 i 2 BT R (AL
A2 A6 HD) BERRAGIN Ay B , At R 0 Sy BA 2 R
ke S R AT

3) RABFEREI . 35 7.9 X 109~7.9 <10 ' cop-
ies/pL Ji B DNA DA K 6.7X10° ~6.7 <10 * cfu/pL
(R 48 TR DNA SRR , S8 7K S B X I, kA7 5 T
LhrC HL 20 R A DU ) AT A TAMP A1 PCR A9 R
TR A B, MR 7 A8 268, 1 A2 A S I Rl Ak
LAMP Be A 5k AT 20 5 DNA B9 2 B0 . kil
K 1) SR #8 D ERGRATS | B3 20 T o BT, DU 3R I R A
JE R
1.6 AL LAMP Y52 B 14E4&

X 15 FUNERON TG il 1 2 [CHFF I, 7 d s )
AT EAEAS , 8 SR 52 F R I A BHERE AR . 55 10
HU/IN BUGRS2  1 2 TOAT TR TG 1 . & S Hgr
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MTRPENS 7 d M 21 dFEISR, 53 5 HAas /N, B4 000
LUV S ARSI (R B PEAEAS 439 5 EBCBA 2 A
BH /) B fili 20 20, Fl TIANamp Genomic DNA Kit
(DP304) i & 2 B DNA , 28 J5 #4735 PCR FIn]
AL LAMP R % Lo S FHPERSCR .

2 FERE5HMH

AIAR4L LAMP #6377 3% B 22 32
DB AAFREAL o 7E 25 pL & o, XR |
Mg #e B [ANTPs ¥k B2 315 | 957 BE 43 A TARAK

2.1

A
2 s
2 3000 £ A e —
2000 / —670T
R / 65.0 °C
#1000 g / — 25T
= )/ 60.6 C
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PEIREL Cycles
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m 3000 e -
ﬁ 2500 i 7/ e 0.6 mmol/L
oL / / 0.8 mmol/L
F 2000 / p
1500 [ ]/ — LOmmol/L
R 1000 // / 1.2 mmol/L
T 500 — 1.4 mmol/L
=
= 0 / — —
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&R %L Cycles

HRAE D 38 i LA CUE AT HIW B 2 A 25 o AT
T 9P AR R R Mg® R e
AR ORI BT 2O B 45 R O R RS vk
JET RO S 45 R 53 5 a0 8 1A~D fitzw |, 23 3 7E
PR R R 68.2 CCHF A Mg™ ¥k JE R 6 mmol /L B
7£ ANTPs 4 1.6 mmol/L B | ZE 3R 51 ¥ 1k FF Ry 0.4
pmol/L i, Ct {8 fie /)y , 97 38 203 fe vy, Wl i #%
68.2 “C .6 mmol/L Mg* #¢ % 1.6 mmol/L. dNTPs ¥
J& 0.4 pmol/L ¥ 5| ¥k B2 Jy ] # AL LAMP J7 5 1
R

B
E 5000, o~ — Ommol/L
~ 4000 / /—;:: — 2 mmol/L
ﬁ 3000 A 4 A mmol/L
5 [ i
f§ 2000 [/ — gmmol/L
= 1000 / / 10 mmol/L
?}7(' / /
= Of— / .
0 10 20 30 40 50 60
PEIREL Cycles
0 pmol/L

2 2500f B = 0.2 pmol/L
£ 2000F 7

d 4 — 0.6 pmol/L
& 1500F // — 0.8 pmol/L
§§ 1000F I pmol/L
i i /)

= 500] 7/

z 0, =

0 10 20 30 40 50 60

PEMEL Cycles

B 1 AL LAMP 5% RRE (A), Mg” iR E (B) ,dNTPs iR B (COFNIRS| 41k FE (DO fL4L
Fig.1 Temperature (A) , Mg™ concentration(B), dNTPs concentration(C) and loop primers

concentration(D) optimization of visual LAMP

BIAIE A )5 f 3 S I A 3R (25 pl) B A& D - 2.5
pl. 10X TIsothermal Amlification Buffer, 6 mmol/L
MgSO, (1.5 pL. . 100 mmol/L ) MgSO,) . 1.6 mmol/L
dNTPs(4.0 .. 10 mmol/L #J dNTPs) . 0.4 pmol/L
LB (1.0 pL .10 pmol/L #Y LB) . 4.0 pL. 10 pmol/L
f{) FIP 4.0 pL. 10 pmol/L 4 BIP 0.5 uL 10 umol/L
1 F3.0.5 pLL 10 pmol/L By B3 .1 pL Bst 2.0(8 000
U/mL) 1 pL 4 FR sl 40 WA AR 5 pl ddH,O .

2) SRR . BT A S Y TR AL LAMP JF
PXSROBHS T 117 B ik i 15 R LA T A6 , 25
o, DU I S TR T ALLA2 R A6 T N Y
2~4 5 RAE T I BRI B A, B PDLE G,
A B, AL S i X 07 4 5 107 4 2 S R B, )
SE N L s TR BRI REBE I 1 (5 b, AN 2~4 Pkl A7 i 7R
AIRRR 2671 o S5 RIS iy W Ak LAMP J7
2 B B B R S, ELRE S AG DU A i 1 = FCAT A
AL A2 FT A6 AL, 5 il e TR A 22 SR
B(E2).

3) RABERTI . A A A I 2 LA T A6 -
ZMD B A LReC F 20 BRL 53 5 LA 10 A5 A Ll A
AT LAMP (%) 2 S0 [5G PCR J7 ¥ 1) R
O FHAE X I 255 o, B 57 i ] Ak LAMP
3 0 TRV B R I BR A 6.7 <10 CFU/pL (]
3) K TR A RGN R A 7.9 < 107 copies/plL (1 4) .

M PCR J7 i A D 8 W i A B 2R 6.7 X
10°CFU/pL (E 5) , A I 53 4 4 46 P B R 7.9 10°
copies/pL (&1 6) o %5 3 &R, fr @ 7 i1yl 7 Ak
LAMP 77 3 FH DAK 0 3 1 14 22 ECFF A A 81 A ol
Hr, H R T PCR T
2.2 AL LAMP 8952 BT

[) k% JH 7] #0846 LAMP 1 PCR J5 3% & A1
S/ NI VAT RN . S5 o, 2 RO vE HRE
YRR ASI 15 O B (1 7) , R B 2 Fh 7 ik i e 5
PR A, #°2 100% (95% CI1:78.2%,100.0%) . H
AL LAMP BEAS o A5 00 HE I 14 15 43 BEA: B
TR B 100% (95% C1:78.2%,100.0%) , fij 3 38
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M: DL 2000 DNA marker; 1: BHPEXF B8 2~4 2 3 1 M 2 [CAF 1
ALFS A2RS A6 5~7: ZRPELL IR I AR BAL F AL 8: 43¢
JEAR 9 BALZEVD T IRTA ;10 7= I e R BRI AT 11 5 11« I Vi S 2
312 AP IE A M B 5 13 A TR e M TS e 7 12805 14 . AR 4%
PIRTE 5 15 AR TE 5 16 - AL Yek 53 UE 40T M: DL 2000
DNA marker; 1: Negative control; 2-4: M. haemolytica Al, A2
and A6; 5-7: P. multocida A,B and F; 8: M. bovis; 9: Salmonella
typhimurium; 10: Enterotoxigenic E. coli; 11: BPIV-3; 12: BRSV;
13: BVDV-1; 14: BRV; 15: BcoV; 16: IBRV.

2 AL LAMP fo%s 3 iE4e
Fig.2 Specificity of visual LAMP

Ll LLL

g
-~

- e

M: DL 2000 DNA marker; 1 : B ¥ %} ## Negative control ;
2-10:6.7X10*- 6.7X10* cfu/pL.
3 AR LAMP 46 A6-ZMD & & R E
Fig.3 Sensitivity of visual LAMP to detect bacterium
PCR 1Y fE 1F % £ 15 10 6y FH ¥, UM 66.7%
(95% CI:38.4%,88.2%) (& 8) , 2 Fh Jy 12 Ay A Il
B2 5 .35 (P<<0.05) .
AIALAE LAMP #H #3538 PCR ¥ , sk A 5
PEXIEE R MTIZO IRV M B DR S o
Ty, 77 B0 7 R ARG I 5 E AT AR G 0 oy T 5%

3 W #
Al AE LAMP 3 5 U8 i ek 2 i e A8 AL 64 7
gE LB E , HETH H B YB35 SYBR Green | |

HNNN H'ﬂ

SHNEEERS

M : DL 2000 DNA marker; 1: B 1 %} B Negative control ;
2-12:7.9%10%-7.9X10 ' copies/pl..
4 AR LAMP #&30 IktC fBafir R 85 &
Fig.4 Sensitivity of visual LAMP to detect IktC plasmid

238 bp

M : DL 2000 DNA marker; 1: BH £ X} #& Negative control ;
2-11:6.7X10°- 6.7X10™ cfu/pL.
5 PCR#&ill A6-ZMD H i8I R &
Fig.5 Sensitivity of PCR to detect A6-ZMD bacterium

M1 234 56 7[8[9101112

-
-
-
-
-

238 bp

M: DL 2000 DNA marker; 1: [ # %F I8 Negative control ;
2-12: 7.9X10°-7.9X10"" copies/uL.
E 6 PCR#&l KCEREMREHE
Fig.6 Sensitivity of PCR to detect /ktC
HNB %, SYBR Green 1 — 7R 4555 MA
75 TR0 LAMP J2 R 80100 5 Ji BH P S 9 T
S Ry B sk 10 AT 5N WK B, i
HNB 5 Bst 84 6 U1 80, 16 KB RTINS 00)
SN A D A PR P B 8 T R R 8 A Ry R
e P25 g X S ) AT AR AR R B L AR 5 A
W38 LAMP J7 vk B 56l VI SYBR Green | 44k}
BT G e VA1 s R € IV == O R P ]
ORCDR FF 55 AT B 3 B A TS e A A T R AT
AT AT RIAL LAMP 538 A I R R o
ARWFFE S T AL LAMP 5 32546 0 725 1 2



36 g ol K2 2

i o5 42 %

M12 345678 910111213141516 17

M: DL2000 DNA marker; 1~5: A[FEH /MAYIIA1ZL; 6~10:
%rF7 d AT /N U205 11~15: 58 21 d AR [] /s B
21516 PHPEXFIE ; 17 FHMEXS B, M@ DL2000 DNA marker ;
1-5: Different lung tissues of normal mice; 6-10: Lung tissues of
mice 7 d after immunization; 11-15: Lung tissues of mice 21 d after
immunization; 16: Negative control; 17: Positive control.
7 AL IKIC-LAMP &1 i@ PCR A ik
6 00 BA e /) BR BT 4E 41
Fig.7 Comparison of visual LAMP and PCR
to detect negative mice tissues

M1 2345678 9101112131415[1617

> ‘P“l“t‘!rfﬂ.

Bl
il i i
ok &bk ol 4k @
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M: DL2000 DNA marker; 1~5: B3 J5 AR FC T B AR [F] /s BUT £
A1 6~15: WHE T LTI A R /INERUIB 145 16 : BP0 15 172 BH XS
&, M: DL2000 DNA marker; ; 1-5: Different lung tissues of mice
that did not die after chllenged; 6-15: Different lung tissues of dead

mice after chllenged ; 16: Negative control; 17: Positive control.
8 AL LAMP F5ixfnE i@ PCR 7%
00 PR {4 /) BBl 4B 41
Fig.8 Comparison of visual LAMP and PCR
to detect positive mice tissues
AT B A6-ZMD W 19 R B T BR M 6.710° 1
cfu/pl, TkeC JT KL B4 7 R 6 BR oy 7.9X10* cop-
ies/pL, AH A T8 i PCR S I TR R A9 52 502 A6 i) R
6.7 X 10" cfu/plL I JTRL 7 SR A U B 7.9 10° cop-
ies/pL A WFER R . AUTFRY, B MES AT R
gep-LAMP SEIf i JBE 0 AGH JTORE ) R 48032 2y 0.855 X
10 * ng/pl, RAUE KLY JE gep-LAMP 52 HF b 3
W 100045 Sy Ak FEMESEYE I, LAMP J7 i

By 52 R Bsf 8] 30~60 min, 1fif PCR J5 % 75 % 1~2 h,
LAMP J5 ik #E W05 5 PCR J7 15 T B4 1T 1AL 4%
WA A A & AR D BRI S i LAMP
2 LB A TR By R T B AT R Ak A DN B mT
PR HR L O 58 3 45 Y, R R T T I K 4 1 A
INIERS
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Establishment of visual LAMP method for detecting
Mannheimia haemolytica in cattle

LIU Ningning', YI Ping', GUO Aizhen"*?, HU Changmin', CHEN Yingyu'*

1.College of Veterinary Medicine ,Huazhong Agricultural University/
State Key Laboratory of Agricultural Microbiology, Wuhan 430070, China;
2.Hubei International Scientific and Technological Cooperation Base of Veterinary Epidemiology
(Huazhong Agricultural University) , Wuhan 430070, China;
3.Hubei Hongshan Laboratory, Wuhan 430070, China

Abstract In order to establish a quick and efficient visual LAMP (loop-mediated isothermal amplifi-
cation) molecular method for detecting Mannheimia haemolytica in cattle, specific software tool was used
to design LAMP primers including inner primers, external primers and loop primers targeting M. haemolyt-
ica conservative gene /k/C. The reaction temperature, Mg*" concentration, dNTPs concentration and other
conditions were optimized. Both bacteria and recombinant plasmids were used to evaluate sensitivity, and
15 related pathogens were used to evaluate specificity. The applicability was evaluated using mice lung tis-
sue samples with clear background. The results showed that the developed LAMP assay achieved the best
results under the conditions of 68.2 °C, 6 mmol/L. Mg"", 1.6 mmol/L. dNTPs for 40 min and could be
judged by naked eyes. The minimum detection limits were 6.7X10" CFU/pl for bacteria and 7.9 10?
copies/ pL. for [k/C recombinant plasmid, and there was no cross reaction with 15 other pathogens, indicat-
ing high sensitivity and specify. The results of lung tissue samples from mice with clear background showed
that the method was better than ordinary PCR method. The above results indicate that this method was suc-
cessfully constructed and could be used for rapid and efficient detection of M. haemolytica in cattle.

Keywords loop-mediated isothermal amplification; /ktC gene; Mannheimia haemolytica; visualiza-

tion detection; comprehensive prevention and control
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