3 = 3 PACKAGING JOURNAL

[E I 2019 FE E 115 FE 2 1 Vol. 11 No. 2Mar. 2019

LAMP S i edi i MR 1 i 71220
A SIS

doi:10.3969/j.issn.1674-7100.2019.02.008

B BEFW RER

B o =M

g Tk k&

A BRI Bk
M EEEERRE

Wd R 412007

W OB REXMHAOEFEREAR (malB) , &5 REFRNFFRT Y
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8 %8R EAL, X LAMP 373§ F it 7 S etk AN 4R E . LAMP
52 R E kA K AT 69 R ALE X 16.010 ng/L, 5 R ¥%EE S PCR W
AR S, B, EI 5% LAMP £k E R T AR ST KHAFHE G
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( Enterohemorrhagic Escherichia coli, EHEC) , W]
Ik MAEZE A8, S % 78 Ry s I PR 7 25 B AR

( hemolytic uremic syndrome, HUS ) FIIfL /M id />
PSR, UEE A SREGET Y. BT, E.coli 2RI
B BTGP FE bR, e TAAG I Y B SRR
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LAMP S5t B S s U K A AT 1 7 SR O BR ST S LR 5T

fai o, RESCBLm R EUGIN H Y, (B ZE Bk 2
HERR S, AMEFIEZHE

2000 4, H A3 Notomi T. 25 7 & B (38 RIA%
FRIKAM AR, BRI/ AR 3 (loop-mediated
isothermal amplification, LAMP ) AR, Hy" 4
JEMEAE ALY 8 N IX BT 6 514 ({46
PSRN TIH, PIARANSI AN Z&3R 519 ) , AR
— P e DNA B4 ( Bst DNA ploymerase ) 1E
THIRAEIET (60~65 °C) fiif 60 min ( F55 4093 hm
Al R R A 40 50 2 30 min 245 ), BP RIS A% ik
PHE . LAMP 458 7= 1 (R A J vk 32 AU 35
SYBR Green I #i0  AJ 400 £ £ 4 R 555 Ay ok B2 A6
BEIE B IAS ) DNA 7EE Hldferh, FMHEA
¥ =1 ( deoxynucleoside triphosphate, dNTP )
oy F454 %) DNA #f ERF 2 5T — AR &
(pyrophosphate ion, PPi) , Ifij PPi -5 5y " Ao

TEEAT A A EOTTEERREE, hT DNA 7Ek I
@WW?kiu%wm%&ﬁﬁ%,Mﬁﬁﬂﬁim
FEMRIRBEDTYE, B B, .00 R
R ENATHE Y 45 . Chen Z. 25 "V IFh] T Z3@ i h
FERRMZRSE, R ™ A UTTE 5474 Sy
HA B MM, iR sy Hh A= AT 5K
X AZ IR 12 B ARG

LAMP $ARTE R BURE | FF 58 AR U Y [ 45 4
Fr EREIREEL BT PCR £K,  H Ol LUK =
5 AR B2 SIS A, S A At
I F 5295t 5 PCRM, V. Pal 28 U I H A5
WF2A &) A2 77 Loopamp® 552 i it B #6710 28 45 460 1L 9%
H R SRR, AT IR ARSI B A 1 pg B SRR
[H 41 1 5.5 x 10° CFU/mL (9% LA, Ye L. 25 U3 )
FH LAMP 52 Hf o 28 7 6 D0 20 ot v 190 BRLAZZ 24 4 A 4=
W pE , KN R AU 6.4 x 10° CFU/mL, sz
I FH S B 2 G IR T A5 A 398 5 A DRSS D i 4 1t
PERIGAFIA 0157, FMIPRATiA%] 5.1 CFU/mL 4%,

LAMP $i AR 5 HAth Y2y oA, BA
eI R . E. Yokoyama %5 "9 33 T LAMP 4
HHAR 5 PCR UG AR T B B REBUE . LAMP £
AR RBEESIRZEEAG R, AR PRI 2
TR AFAERE R 22, T BB 5 [ F ik R i FE S
A G, Wl Re 5 RN R il | Bl s
SR TURIEA 5. PO DR 5 S0 A o ) St
AHIEXFR, BHET, 7EE 00N R 7 HHRGE 0 KIGAT

HIEEA s AiCH | e pENT RN LT, ASHI Y
(1) malB LR HAT m BEARST M, o] LUK St b 3 o
KIGFFEE, FEE 2% LAMP & 2 9 52 i i 2 . 375
PR EE . ANTPs M= & S A A T il Ak
N7 — il LAMP OGS I R B FF B 0 751, FFxTz
D0 RAGEFRE AT, DASSER A B8 1Y)
e R

2 SLg

2.1 SERERIRLE
211 #EHk
AT T AL 5 BRI B bR BRI 42
HOHATIR A O MRAE BARIRRE , ARRAE BTE LR 1.
Fx1 STRAFTAEK
Table 1 All strains for test

e [Lil73 e [

1 CICC 10421 KIGFFIH Escherichia coli
2 CICC 10411 KIGFFEE Escherichia coli
3 ATCC35150 KIGFFE Escherichia coli 0157: H7
4 CICC 10899 KIGH B Escherichia coli
5  CMCC 44817 KIGFF Escherichia coli
6 CICC 10786 GBI RIERE Staphylococcus aureus
7 ATCC 12344 AL MeEEERTH Streptococcus pyogenes
8 ATCC 6633 A LEHUAT A Bacillus subtilis
9 ATCC 14485  FEMFLRRBEEREE Streptococcus thermophilu
10 ATCC 9027 HSHB P IS Seudomonas aeruginose
11 CICC 21298 IR AT IR TA Escherichia hermannii
12 ATCC 12344 TR &2 KA Bacillus thuringiensis
13 CICC 10010 ZR R Paenibacillus ploymyxa
14 CICC 10011 BRYARAFT I Enterobacter cloacae

212 =EBRXA

10 f554% 8 () LAMP Buffer ZZ i . Pfu DNA R4
fiti . dNTPs. DNA Marker DL5000, Hiyk bFESE M |
9. THSEnE . A AN 2] DNA flid 70 £ 55
B aATAY TR (B RIGERAA; 2 5%k
J£ A9 talent qPCR premix ( SYBR Green ) ¥¢)6iE 5k
R G B ORAR AR (dbmt) A FRA ] Bst
DNA 4§ H New England Biolabs ( Jb 5T ) 47 R
NI
213 EEME

B AR 258, Gel Doc XR+ B, W[ Fi#EA 4R

A BR A F] (BIO-RAD) 5 SER 266 E
5 PCR Y, LightCycler 96 %Y, Iy [ 35 [ % X ( Roche )
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Ay % PCR AL (6331 7)) | R P15 {X (D30
) Rl B ML (5424D F ) ¥ YA
Eppendorf /A F]; LAMP Z5fE b A, g b .
22 EBAHE
221 3HEI5EK

M4 GenBank 23 i 1 K #F B 22 28 W AL 2 11
B malB K [ J¥ %] ( GenBank NC_019072.1) , %
THES 3 X519, 2 546N 5149 FIP (forward
inner primer ) il BIP ( backward inner primer ) | 4p5|
¥ F3 ( forward outer primer ) 1 B3 ( backward outer
primer ) . #5|4J loopF Fl loopB, 4I5S WK 2.

x2 malB EE LAMP RESIMFIIER

Table 2 LAMP primer sequence information of malB gene

519 FFINEE (57 =37 )
GTTTGTCGGACCGTCTGGCTGGTCTCAAGCCCGGC

FIp AATC
TTCGATACCACGACCTCGCCCCAAAGGGAGAAGGG

BIP CATGG

F3 CCGTTTCTCACCGATGAACA

B3 GCTGTCGATGACAGGTTGTT

10opF CGGTAAATCGACTTTACTGCGC

loopB TTTTGCAGCTGTACGCTCG

2.2.2 DNA #A 8% &
B KA bR FP T LB ( Luria-Bertani ) 55357
F b, 37 CPb&EESR, IFWE R IR0 10 B bk e R A
AL R 2] DNA 300 & d B 3 2R UE 1 7k [
2 DNA MF2EL, F R IR AR (1 DR 43 B (SO 7 BT
BOEF 2] DNA ¥k 5 405 H A260/A280 {HF7 ),
FW LR 2 DNA T —20 CHAA7 .
2.2.3 LAMP R &4k % 894048
LAMP SR Z NG9 (FIP/BIP) | 4h514)
(F3/B3) . #5149 (loopB/loopF ) . Bst DNA R4
fitt . LAMP Buffer ZZtjiifi . dNTPs. #lISEHK. AzEK
(ddH,0 ) T HRAZRRAL L. ASWFFE I [ St
NZEL, WEER 1 L WA 0.2 pmol/L ) F3/B3,
1 uL ¥ Bk 1.6 pmol/L /Y FIP /BIP, Bst DNA R4
FHH M 1 uL, LAMP Buffer 2% M JH & 4 2.5 uL,
DNA 4z ] 5 24 2 pL, #b 38 ddH,0 2 J i 1k &
BRTUN 25 ul; SR 5 X N . R 51 B vk
B . dNTPs (¢ ly 10 mmol/L ) S REISEm (M Ny
4 mol/L ) AR &ML (W3 3) |, #E

AL VAR R
£3 LAMP REFREHML

Table 3 Condition optimization of LAMP reaction system

JOREEE /) SR/ dNTPs AR/ EHSERARL /
C (umol-L™") uL uL
57 0 1 0
59 0.2 2 1
61 0.4 3 2
63 0.6 4 3
65 0.8 5 4

W 3 TR, LAMP J b i & B 7 57~65 C
ZIA, FERE2 CHRELIB G, 5|k . ANTPs
AR SRR U 5 BRI . e 2R T 1Y
IR T, AR — N g iR, B S.0
uL i LAMP ¥ 34724, 2B e MEEERE ey A, i
FE AR R A5 o
2.2.4 LAMP %7 R 5 4E

FIAEACS BN 2648, X 5 BRK AR B bR
PRGSO ER A SE 9 MRAE AR EEIES T LAMP 4734
B = WA TR I L KRS, BIE LAMP 7R
s
225 F%XETE PCR R KBHITE

SR 9 6 E 5 PCR B 2 W AR &R 41T : talent
qPCR premix FIAFR 12.5 uL, ¥ K 10 pmol/L #b
5191 F3 Fl B3 AR 0.75 pL, 2 uL Y DNA
B ORI N 1.601 mg/L FIRSEHRTE 10 1759 5
JEFRREZE 1.601 ng/L) , fJatbse ddH,0 2 AR
25 uLo PR N AR RTE 95 C A T fi#4E 3 min;
SRIGTE 95 CRfREE S s, 60 CTR454 10s, 72 CF
SEM 15 s, =407 45 NMIER; figo i ad SEa) e
JEE R PCRAX, 3 traciast i,

2.2.6 SSRGS K BAT

BOE F R BT A L R 2H DNA, 1) HE o i vk 3
4 160.100 mg/L, A260/A280 {& 4y 1.88, M DNA Jfi
SRR 16.010 mg/L JFUR, $ie 10 A5 v B A6 K L
Fi B2 1.601 ng/L 5 DNA A MALG A &
254 LAMP SERF AR Iz vk ) R, IF S
SEI G RE F: PCR .

3 RGN

3.1 LAMP RE{EZRE KL
311 RBRRBRAE
KT ARGE RN TR X LAMP 3 3 % 25 (1 5 i),
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223 Frik, ASHE ST AE [ 2 i n 25000 FE
b, B 1 UL ¥R 0.4 pmol/L AUFRE 4, 2 uL ¥
JE N 4 mol/L i E 08, 3 uL ¥ 4 10 mmol/L Ay
dNTPs; 3 i3 2748 LAMP f%) 52 7 38 B, 1) FH e i v,
VKRG ARAT LI ZE R, il 1 s

M: 100~5 000 bp DNA marker; 1: 57 °C; 2: 59 C;
3: 61 °C; 4: 63°C; 5: 65°C; 6: PAMEXTIEA,

B1 FARARBREXNXBHTE LAMP K&K R0
Fig.1 Effect of different reaction temperatures on
LAMP reactive in E. coli

FE 1A%, LAMP 9 A S b i B 02 63 C.
VLIRS N RO, 3B e, RN AR
U, X R BEAT il B SN, AN [ R S 0 i
FE T BTG AR, R S AR ) T P TG 1 o8 A
T, b S ARG KT, i LAMP 9 R0
SRR A BRI R o
312 F3 ek E

9 T ARTEIRG | YU EE X LAMP 3 B3R B 5401
ARWFFEBEA 2 pL W EE N 4 mol/L WIEHZEmR, 3 pL ¥k
B & 10 mmol/L ¥ dNTPs, LAMP Jz I &5 14 H:
63 °C T S 60 min, 80 °CF 52 20 min £ 11 ) )i
TS BB R RS, A FBERS UK USRS 5255
55, WE 2 BR

M: 100~5 000 bp DNA marker; 1: O umol/L; 2: 0.2 umol/L;
3: 0.4 umol/L; 4: 0.6 umol/L; 5: 0.8 umol/L; 6: BAPEXIHRZL,

2 ARIRFIREITKBAFFE LAMP [ B 208
Fig. 2 Effect of different loop primer concentrations on
LAMP reactive in E. coli

&l 2 W1, LAMP i i s R 5R 5 1 vk ok 0.4
umol /L. FEMJI AT, 4B s, R
RN OR by, XRS5 LAMP
JLH WAL ERATA G, A RGPk EE AT
BE4RT LAMP N TE], 3 REIE NS N 505
3.1.3 dNTPs BIHE

9 THRSE ANTPs % LAMP $ W40 R 19520, A
5T 1 pL YA 0.4 pmol/L B3R5I, 2 pL ¥
R 4 mol/L RYFHZENR, LAMP b 554 : 63 CF
S 60 min, F 80 °CF 2 20 min 281, il
MUE ANTPs B9 EE, A8 e H DK IR AR A 52 e 4
R, nE 3 PR,

M: 1000~5 000 bp DNA marker; 1: 1uL; 2: 2 puL;
3: 3pL; 4: 4pL; 5: SuL; 6: BIHERFHRAL,

B3 dNTPs AEMXEFE LAMP &R HFM
Fig.3 Effect of different ANTPs concentrations on
LAMP reactive in E. coli

i & 3 AT %1, LAMP i dNTPs (15 R FL N
3puL. FERLRON AR, RIS, R
BRI, 1SR ANTPs (19 B 15 50 3 it Hh ik
MISEMA DG, WREEIRSS P B 1 SO PRk, o
2 SEER R Y
314 #EBRHAE

N T ERIEFESEIE AT LAMP 7 8 80R 0, A<
WFFTIEF 1 pL WA 0.4 umol/L 3514, 3 uL ¥
J& 7 10 mmol/L ¥ dNTPs, LAMP JZ i &40 63 C
T 60 min, F 80 °CF SN 20 min 28 (k)N . 38
U EHSERR R o, A FBE R F UK GRS S 00 45
R, W 4 PR

& 4 AT %0, LAMP Jr 75 fH 22 66 0 S AR AR
2 uL. FEMCNVAAMETS, 12 s, RN
RCRIRAF, 30K PR RS A R B S I T A G
A SRR B 2o v 2 5 Sy ) 4 s S A EAE
AT it i P 3 4
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M: 100~5 000 bp DNA marker; 1: OpuL; 2: 1pL;
3: 2ul; 4: 3uL; 5: 4pl; 6: BAVEXIIEL,

4 FHEREAEXKBHAFE LAMP R B #5008
Fig. 4 Effect of different betaine concentrations on
LAMP reactive in E. coli

g5 b, AT E KT R R LAMP 2,
WER (BRIEESESN) ¢ 3 ul ¥ AN 10 mmol/L Y
dNTPs, 2 pL ¥&EEH 4 mol/L FUFISETR, o9k
FE4 0.4 pmol/L, KN ARZRFE 63 C N 60 min,
5 80 °C R [ 20 min £ 1} J2 v .

3.2 LAMP $ 5 M1

FIFH E ARSI I35 59 LAMP S d: 50 451, %)
KIAFFE A PR 14 MR T LAMP 973,
P38 7y e BRI FL UK A I, SIS A5 A Nl 5
FiR o

M: 100~5 000 bp DNA marker; 1,2, 3, 13, 14: KIGFFH;

4: BEAAERE 5. ALMEEERT 60 MNRZEAATIA

7. VEPGURREEERT; 8. WLREAUHIE; 9. BFIRIRAICA; 10:

PEIREERRTA ; 11 ZHRZEFAMTFRG 12 a2 TE.

5 LAMP 3 5 $xX B & 69 RIREEF 9 #%

3 B R E PR B0 = 1 IR E
Fig. 5 Homology verification of five E. coli and
specificity of nine non-E. coli by LAMP

MBS AT, 5 BRORIAT B 5 H IS I B
BRI, 9 MRAE IR BRI R LY 3 2517, it
YEHTRIH malB FERIES 1 LAMP SOWARFR, ATRAYT
R ZE I RIpAT wE , TS IE AR R MR ORFRr Y

33 REESHT
EN e | WYER e I B PO N 77L S BE VAN S S
4¢G5 B PCR A FI LAMP 52 B WA,
K25 AN 6~7 i .
0.40,

—»—1.601 mg/L;
0.35F —@—160.100 pg/L;
—e—16.010 pg/L;
0.30F —a—1.601 pg/Ls
—=—160.100 ng/L;

8 025 ——16.010ng/L:
2 . o
g —h— S
ﬁ 020k 1.601 ng/L
g
=  0.15r

0.10-

0.05F

0 10 20 . 30 40 50
cycle index

6 SERISERER PCR REEHRMER
Fig. 6 Results of real-time fluorescence
quantitative PCR sensitivity

0.016

0.014F ——16.010 mg/L;
—e—1.601 mg/L:
0012 —e—160.100 pg/L;
—A—16.010 pg/L;
00107 —m—1.601 pg/L;
—¥—16.0.100 ng/L;
—»—16.010 ng/L;
—<—1.601 ng/L

0.008

tuybidity

0.006
0.004
0.002

0

1 1 1 1 1 1
—0.002 500 1000 1500 2000 2500 3000 3500

time/s

7 SEEHHE LAMP REERNSER
Fig. 7 Results of real-time turbidity LAMP
sensitivity test

M B 6~7 W] LLE H, 9285 6 E i PCR 5
LAMP 52t 3 vk (A R FR 3514 16.010 ng/L, 4k %:
e 1.601 ng/L B}, PHEIIASBEARIN 2] BARMZIR
S 2% SR B LAMP 52 b R 1 5 SE R 98Ok 8
PCR ARG I FRAH 24, LAMP 52 b 8 32 % K W A 1
RS I S B v T R R

4 iR

ATHFTE I KIAATF ) malB R BT LAMP 4%
S5, X LAMP AR R B ROV IR B . B H
B ANTPs M RIES208 0 F i 55 Sk ik o dl,
N7 LAMP SZHF b B2 VR R I R B FF v, i s HoAT LA
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TREA:

1) AR AT LIS K AT TR B4 38 3 AR i 75
AN, A A e T S R R AR S X5 T, A
T 4 BB BH PR 25 2 5

2) SR T R SR AR, BRAE T B, LAMP
F; A BRI A, KIS E N e R Y, 5
PCR L, JCif & skl i & 5

3) Fekom, REE S AW BT
LAMP S syt B v (R I FR >4 16.010 ng/L, BEWE
ANt KA I, Bt b R AT e B DR A
DAL T —Fr AT FE ) B .
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Establishment and Optimization of LAMP Real-Time Turbidity Method for

Rapid Detection of Escherichia coli
CHEN Zhu, HE Ziyu, HE Nongyue, Deng Yan, LI Song

( Hunan Key Laboratory of Biomedical Nanomaterials and Devices, Hunan University of Technology,
Zhuzhou Hunan 412007, China )

Abstract: According to the specific gene (malB) of Escherichia coli (E.coli), the primers of loop mediated iso-
thermal amplification (LAMP) were designed and screened, and the optimum LAMP reaction system was obtained
by optimizing the reaction conditions such as betaine dosage, concentration of loop primer, reaction temperature and
dNTPs dosage. Then the optimal method was established for rapid detection of E.coli by LAMP real-time turbidity
method. In the optimal conditions, 9 strains of non-Escherichia coli strains were tested for specificity and 5 strains of
Escherichia coli were tested for homology. Moreover, using the multichannel turbidity device developed by the research
group, the produce of LAMP could be real-time monitored. The results showed that the sensitivity of E.coli was 16.010
ng/L, in line with the detection limit of real-time fluorescence quantitative PCR. Therefore, the optimization and estab-
lishment of real-time turbidity LAMP method could provide a powerful approach to rapid field-detection of E.coli in
food.
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