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A A1 AL FOSE BT 50 L IR BB IR 3 HE  AR R F A R A3 FL
REg TR E

At ' Ki&® A BEs RRETET gng’
1 " RWIGERHE A RAR T4 )M 510663

2 TR TR M 510070

3 ITARAUAMRHEARAE R R 526238

B E (7] RHARSEHARANLSSA AR XERT, VITKEATLERAILGLE
Bmdz—., MAEAMEMNBE ARG R L&, Z3 8 T HREAAMNBAIL T DT KE 6 £ MR 7%
EAFTEZEL. [8 6] M TAIARNSFERY 3 K (visual loop-mediated isothermal
amplification, V-LAMP)#= 52 Bf 5 3R/~ 5 12 & 4 3% 3 K (real-time fluorescence loop-mediated
isothermal amplification, RF-LAMP)7 ik ik Ae AL F i T KEA 69 Z20k, [7E]1 220K
H LAMP RRLAK 2 Fo RBL 44, 2t V-LAMP #2 RF-LAMP &#F 75 ik 945 bk . RAUE . FE7MH A

H AT AN ER . [ R RA V-LAMP f= RF-LAMP 5 i 4 7 17 K 8 A7 & B 4k,
;Et LR Y Sy radg, A 3E W 1T K AT A AR 4 R O A i AT Oy ik 694 R ) 13 CFU/mL,
Kol E B E A 100%; SN 10 A L5 LR, AT EORNE R ZIRERGHE—K,; 2
Ko 73 4 EFRAf on, AR TARME T ik, ZAAY ik AR R0 5 94.12%F= 92.65%, ABATAL
BE 5 A A 100%A= 100%, A8TE 54 F 5 5] h 94.52%F= 93.15%, —E4 * (A4 #| A 2.25 F= 3.20,
AR B R £ 55 (P>0.05). [448]1 V-LAMP #= RF-LAMP 7 3545 F14F. RBUE &, 8%
AT, TR Y T KA 69 Beak A,
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Rapid detection of Salmonella in raw milk by visual and real-time
fluorescence loop-mediated isothermal amplification-based
methods
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LU Mian-Fei* YANG Xu-Weit

Abstract: [Background] Quality control of raw milk is a key part in the production process of dairy
products. Salmonella is one of the main pathogenic bacteria that can contaminate raw milk. With the
development of biological detection technology, it is of great significance to establish a practical method
for rapid detection of Salmonella in raw milk. [Objective] To evaluate practical application effect of rapid
Salmonella detection in raw milk by visual loop-mediated isothermal amplification (V-LAMP) and
real-time fluorescence loop-mediated isothermal amplification (RF-LAMP), respectively. [Methods] We
established the LAMP reaction system and optimized the reaction conditions, then tested and compared the
specificity, sensitivity, stability and effectiveness in practical samples detection by using V-LAMP and
RF-LAMP methods, respectively. [Results] Through the rapid detection of V-LAMP and RF-LAMP, all
Salmonella standard strains were detected positive, while all non-Salmonella standard strains were
negative. The limit of detection for the two methods was calculated to 13 CFU/mL. The detection
accordance rate of the two methods were both 100%. The results obtained by detecting Salmonella in
10 artificial contaminated samples were highly consistent with the actual results. With respect to the result
obtained by conventional detection method in the 73 real samples, the relative specificity of the two
methods were respectively 94.12% and 92.65%, the relative sensitivity were respectively 100% and 100%,
the relative accuracy were respectively 94.52% and 93.15%, and the »* value for consistency analysis were
respectively 2.25 and 3.20, showing that no significant difference was found in the results above by the
three mentioned methods (P>0.05). [Conclusion] V-LAMP and RF-LAMP methods show good specificity,
high sensitivity, and high consistency, which makes them applicable for rapid detection of Salmonella in
raw milk.

Keywords: Visual, Real-time fluorescence, Loop-mediated isothermal amplification, Raw milk, Salmonella,
Rapid detection, Effectiveness evaluation
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P11 G (Salmonella) J& F — i i 41 R0 &
2RI EATEE, 20T AR, 2E L
BN EZ —, HIENEZ@EAME L
BlZik 2 200 Fh), HABSREREESA, WK
B AT 2R AR R S A g | AT
NS miES, 351K BHR . HIAE . Wi
RE . (G9E | BT R R RS T AR, T E U
HNFS Y A B g, 7 RBktE
MRTA IR SR B h B R T, BT R R
Yepty s L FOR R T AL, AR TR I A R

5 70%-80%, 7E H A iEH, vhI TR E A
TS Qe AR, R — s i
10°-107 CFU/g), ffi ] & spLIA e b3, i,

BRI TEFLE 2 K2R DL S A 25 46
EYHAERH I TREP, EETSN LR, &
Fr 4 8 M FLAA 5 O AR JE AT H A T R AT B
(A, FL S P& e Ak, TRt H A =
T v 14 45 0 o R s e AT v E A SRR L
(IR BB 56 R B0 FL A T B A 45, e 2Lk
8 A = R TR o TR L S 5 4 22 R E0S
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1Y o, DIV TIRE B, — HRURR 2L B 5
PO T e NG L2 W RN U B a7 AN D W11
FUE Y, T H 7 A i R i i K ik S e A F
S b, HA R A AL 3R M D i v R
Xof DAk LR T T 1 U 1 R RS I R s i
FLE e A R 2 — 8 Mg, A
TR AR I — 8 B8 E 45 GB 4789.4-2016")
SH I TR L BT . PTBER T E . AR EEE DU K
I 2RI A5 7 R AR IS, o AR T B R AR
N AL E L 15206 55 A RE S AL, 5 i A7 AR AR
R L AR SN Z A Iz R LR
SERF ), R 2 O BB A = I T3, RIBAR
A W BT N — R Pk HLAE T R L
YO B TR AN (4 )7 i
A FEEIRY 14 R (loop-mediated isothermal
amplification, LAMP)J&H Notomi Z55 SCHiiBE 2 H
(18— o ARG e AR, JHL B A 3
1 6 NP a X Bk it 4 S5 5 5 190 (L5 FIP,
BIP. F3. B3), 7EHEAHEE AL Bst DNA X
AEERTT , 7RI IR AT SEEx B A3 R ) sk
P3O I 3 A Sl BT B 5 =, I
SEPNH A 2% H RN Ak g e A O, F AT
LAMP $iAR B4k 72 1 F T 8o A P s i o
HAZDTTERER LAMP K007kt 246 RE,
MECH %@ T RT LAMP FiARMYTRER
W7k, 2k kIR HAOR ™ R 4%
FENT T 3 A WL S L A S R SR U T
# LAMP J7kMs SeRls s 7—Fh U R 2%
Y5 R B AR R IRV T TR AT AL LAMP Al
JriEs Yang S T — RS S AR v
ITERHE I LAMP SZitE 96 6 M5 045 Liu
G ZE LAMP J7 ik a] 2 Wi = H s ik ih £k
ALKV B AR T s Hu 45 5
— T B S E S LAMP 7 v R RS I g 46 b
FIREM, Rk &R T RFEE LAMP 374
PPN B, AR IIRERI RV TR, AR

WERA —, ST EARIS R, sl A DA 2R i 75 2
i — LA FRIAIE , JUHIE W SRt 2L b IR
Ao I P4 A G S B PR T 42 K o TRIIE, ARAFSR
IS PR YD T TG LAMP A 5, 20591 K LA
SER I3 N R A V-LAMP 73R, SYBR
Green [ H¥¢EU kY RF-LAMP 7708 24
PR RBUEE . Fo0E M DA B R LR RS 456
ZRATEU PR 3 g SEBRAS I AR, S SR L R v
I PR TR B PR A A 2
1 HESHE%
1.1 Bk

7 S AN R ARG E v SN R R VIS AN ]
(Salmonella typhimurium) ATCC14028 ., FRAFEVS[]
[ (S. typhimurium) CMCC(B)50115 ., 4 7011 I%
(S. enteritidis) CMCC(B)50335. FH I G {53701
[CT# (S. paratyphi A) CMCC(B)50093 . Z B 5ETb
I"TEC T (S. paratyphi B) CMCC(B)50004 . Z.FI{55€
TP T (S. paratyphi B) CMCC(B)50094 ., {5%€7b
I"JECT(S. typhi) CMCC(B)50071 FIf5ZEb| ] R TA
(S. typhi) CMCC(B)50098 ; 38 #kAE VDT ] & 1A vfE 1
¥R, B K B % % K # (Escherichia  coli)
CMCC(B)44102 . & J % %3 3k 18 (Staphylococcus
epidermidis) CMCC(B)26069 . K7 i (E. coli)
ATCCB8739 . A B Zf 4 #T I (Bacillus subtilis)
ATCC6633 . /)N 7 25 i & HE /K #% IS I (Yersinia
enterocolitica) CMCC(B)52204 . Kk 7 & % [K
0157:H7 (E. coli O157:H7) NCTC12900, #F#2ArTE
FF i (Proteus mirabilis) CMCC(B)49005 . 4% 4 Jifd
oA A iy g (Listeria monocytogenes)
ATCC19115. 7 %5 il #F I (Campylobacter jejuni)
ATCC33291 . [ {4 /& ¥k @i (Candida albicans)
ATCC10231 . % iff » 2% 7 %% I (L. innocua)
ATCC33090 . 4 ¥4 % %5 %4j BK 14 (Staphylococcus
aureus) CMCC(B)26003 . & Jiifi %= [41 1% (Legionella
pneumophilia) ATCC33152 . 4 ¥ {4 #j 49 Bk @i
(S. aureus) ATCC25923 | 4 B {6 45 4 BR i (S. aureus)
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ATCC6538 . 4 % fix ¥ it 74 (Pseudomonas
aeruginosa) CMCC(B)10104 . /- #f1#2 B (Clostridium
sporogenes) ATCC19404 . fiifi 4 4% K I (Streptococcus
pneumoniae) CMCC(B)31001 . i k¢ ZF 7 #F
(B. cereus) ATCC11778 . fiifi & 5o 87 11 FR 1% (Klebsiella
pneumoniae) CMCC(B)46117 . fif] [ 7 % [%
(Shigella boydii) ATCC9207 . #f [T 4y 4 fa AT i
(Citrobacter freundii) ATCC43864 . ¥t K
(S. dysenteriae) CMCC(B)51056 . 7 2= i G
(L. seeligeri) ATCC35967 . 4] £/ 9K @i (Vibrio
vulnificus) ATCC27562 . & i7 BR 4 (Enterococcus
faecali) ATCC33186 Bl oam MO
(V. parahaemolyticus) ATCC33847. #rz 4 2 MifT
[ (B. thuringiensis) ATCC10792 . Ui va B 54T 4
(Cronobacter sakazakii) ATCC51329 , #% G234 [
(L. grayi) ATCC25401 . # ik 2% Jfl #F
(B. mycoides) ATCC10206 . &1 ifi 1 5 5K B
(Streptococcus hemolytic-a) CMCC(B)32213 ., ¥4
S (V. alginolyticus) ATCC 17749, HFECAs iR (G
B (L. ivanovii) ATCC19119 . Z HU¥ ifil P4 4 BR 1
(S. hemolytic-8) CMCC(B)32210 . *J&i b 75 [C B
(Serratia marcescens) ATCC14041 . 7=< % T #
(Enterobacter aerogenes) ATCC13048 FI-iEAETE
FFH (P. vulgaris) CMCC(B)49027., LA I B#kIA
IR DR A IR R R
1.2 FERFFNE

2% ik 4 7K (buffered peptone water, BPW)
(225 mL ). VO fiff R AR 4 34 PR VR (10 mL %) |
VAP PR R e A R TR (10 mL %) . AR R B IS |
VTR B AR . ZWEBils . W TREA 1k
SRR, TARRIBEYRHCA R A R 4008
41 DNA $2HUA7 & . DNA 73 HEbRifE Marker
LD 100 bp Ladder Plus, | M 4<BAE R AT R
Al EHSERH . Tris-Base, MgCly, R, + ik
BREREN . PR . SRR, Tk
i) ; Bst DNA B4 L) & 10xThermoPol Buffer,
NEB /A +); SYBR Green |, Lumiprobe 23 +]; 5147,

ATAY TR B ARAE . 73 IRk
at B EIFVAEA R A RESE, b, M
HuIX 14y, JbntHbIX 34y, LiEHLIX 25y, F4h
10 3 T A L5 G i OB LA S P X
SLPOLE R PCR AL, ABI Al HahiRiE
MY, Don Whitley Scientific /AW ; HLk{X, |
M RAERHEAT IR A vl 5 BERUR - HT R 58, UVitec
ol fEIRAEEW, PO H B A RA A
BRI ETT, Implen A F]
1.3 A%
131 LAMP SfUs Rk FRFA R 2 &% 4 B 2 5L
VBT ARE A VD1 T G B L invAloll
KR IEH , AR NCBI BUEFE P AR invA
(ESESh U43238.1) L P41, il i 75 £ 3k
Primer Explorer V5 (http://primerexplorer.jp/
lampv5e/index.html)iZ 1455 LAMP 514, %5|

PHFEMGFEE L 1. AR 1 P51y F3.
B3. LF. LB, FIP #l BIP, F-Fi ke ki Hol
(F3:B3:LF.LB:FIP:BIP=1:1:4:4:8:8, 1 /{3 0.2 umol/L)
A Z LAMP R R, HiSGIREIZ LAMP 2
IO R R ) 2 SO SRR BE A, B — i AT
5, HN Y2 L5%BUIEFHEE S Ik, I
R A A R 25T 5 583 R BB IS S 00T oy ) e A
AN, BRI K V-LAMP 5 ik B DA E 2

#1 LAMP RFREHISIMIER

Table 1 The primers used for the LAMP reaction
Primers Sequence (5'—3’)

name

Flc GCAACACATAGCCAAGCTCC

Blc GAACGCGCTTGATGAGCTTT

F2 CAGTATTTCTGGGTAACGCA

B2 ATACCGAAATATTCATTGACGT

F3 CATCAGCAAGGTAGCAGT

B3 AGCATATGTTTTGTTTCCTGA

LF GGAGTTTCTCCCCCTCTTCA

LB ACCACTGTCTGGCGGTGAC

FIP GCAACACATAGCCAAGCTCCCAGTATTTCTGGG
TAACGCA

BIP GAACGCGCTTGATGAGCTTTATACCGAAATATTC
ATTGACGT
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TRRIASS # 4 % B, 7EfEESR S
J R, A WS RN 7 Y B £ AR Ak A S 2
RF-LAMP 773 BV ) DL b S A4 2 Ao Az e ge et
SYBR Green 12 7E56 55 PCR AL 2,
3 3 S R T i 2 P A R
132 R

43 BIH 38 MEFRIERIMRAL TR B 350, 2 B
T A HLXT R () DNA BESL, HRERAE RN B
30 pL JCH/K T PCR &rhr, i H Pk B v B ik
AR SR T B IE e H IR A B T 99 °C K
Z44#% 10 min, 12 000 r/min &.0> 15 min, i RN
K DNA BESh, AI7E—20 °C A7 f5 o 43 8
1t V-LAMP 7751 RF-LAMP J7 VL4630 F A il 45
1) 38 17 DNA F i, IE] 554> DNA FESLIE 34>
AT, LSRG R
133 REERE

(1) HEFEHC DNA i

] BPW Hi2 A VB[ TG 1 CMCC(B)50071 41 ]
B3y, 361 °C H53% 18-24 h R BUZIM H , 2
HEZH D SE 41 DNA 2 Bt 7] £00Kg 32 BUXH Rz 9
DNA , Jf & 8 il & 73 o6 o B 3 & vk & oy
37 ng/ul. 1L T EE KB EE R FEZRS HE L DNA, 1K
YR B 10', 107, 10%. 10*. 10°. 10°. 10" AN
10° 4%, A5 ZIRT I HSE 4000 3.7x10°, 3.7x107",
3.7x1072, 3.7x107%, 3.7x107*, 3.7x10°, 3.7x10°°
1 3.7x1077 ng/ul 4 8 {3 FE DNA FEN, % 8 4
FEG A BC 3 ub 43 il 2F V-LAMP 7 ik Al
RF-LAMP Jrifill, Wiml4a:{s DNA FhhixE
3AEATINR, FEMEGIEER

(2) ZhvAEFRPA

PRECP T TG CMCC(B)50071 4fi T 15 35 &
T 27 mL e AERE KT, FAEE, JRE TG
TR A R OB B B I TR R, IR 101,107,
10°, 10%, 10°, 10°, 107 i1 10® f, 753 8 ot
T FRTORE i o A HLL b 8 A b il 45 X1/ (1) DNA
FESh 3 ul 205 d V-LAMP J53: 41 RF-LAMP Jf

PAGI, Iy DNA FESL IR 3 A-FA IR
Hrb, DNA B BT #5735 B 100 pL 46T
i BERE T PCR & rh, LA 6 000 r/min fy s B 124
L 5min, EBE B, INA 30 uL /K FTEHETF,
JEEES I 1.3.2 i THE. S, S ELLE 8 14l
PR BERORE i 100 pl, Z:F8 GB 4789.2-2016%1,
ZEUBRE T T I e LA 1 I A R B AR
LAMP J7iEAG I FEHET T4 ah 2, IFaE A
HFR(CFU)=A V-LAMP J7i% 8% RF-LAMP J5 75K
T g BHPAE 285 S B Rl 1 ) e e A R A5 45 100 L 4
PRI PRI D /10 S AR B IR H B . LAMP T
PAGTERER A 3 pL, RIZhi & a5 30 pL
afi [ W BT DNA FE L B9 /10,
134 RBREMHRE

AR FEAF200 LAMP SefBONiR R, 435
il V-LAMP i1 RF-LAMP J5 7EX Rz (8 S 0 B, FF
ZHR 1.3.3 POREHRE DNA REUEIERZER, LIREY)
N 3.7x10°° ng/uL FYYPT ] FRTEABTREL DNA N BHEA:
WRESL, DAJCHEACHBAMEREIRE b, 7R R ARG e
[B] ., LI MR R, 51T V-LAMP
il RF-LAMP kIR, i [ —liat s i 45 &
10 PATRN, GEitrprHaaizs g, Hep, #HiZ
RG2S R S Bt SR — BRI 5 £ < 100% .
1.35 [FERIF AP R BN A L

(1) N T95 Jbe ki

Z: M 1.3.3 Hhali @5 R B ILEER, B
TP TR E CMCC(B)50071 4l 55354, L
A PRERK DL 10 £ LB BERR RS, S LURIE T4, A
S JL A RO N 1) & DAL, I AR R 2
1.3x10* CFU/mL MR B, 0 BHE R B
BOR A T NG5 B J5oR LAY 10 iy, ZHH GB
4789.4-20161 | Z bR 7 P H- A E H bR 200
ISy, BU10 fy 225 mL % BPW, [ Hidh ik
YOS REIIA 3 10 3 R ZLFE i 25 mL, FE4iE
5], HAMRKBGZIR AW 9 mL BT XA 10 DN ICEE
R, FaaBlE B 10 MR A 1 mL FEEE
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WARERR, MRS, JRSHCL mLIRA W 44
NEfY DNA FEl . BT 65y B mLIRES
WT 1.5 mL 2.0, L6000 r/min (58 B B0
5 min, ZEBr B, JFMA 30 L EHEK, TR
%, IR 1.3.2 . x40 DNA
FEG A& B 3 ub 43 i iF V-LAMP 7 ik il
RF-LAMP J5iEtill, &0 DNA FEi i E 3 4 F
rimi, MRS IFEER

(2) SEBRFE SR

%8 GB 4789.4-2016", HU &% JFUREFLBE 5
25 mL, A% 225 mL %% BPW H, FE/MRAT,
36+1 °C K557 18-24 h, BUZIE AW 1 mL il #% 5P
JEUREFURE SR ) DNA BRSNS, AL RS IR ik
N TG Y RERG I o DNA B ST o 45 1
DNA FEfAHL 3 b 40lilad V-LAMP 7k Al
RF-LAMP J7 kA, 447 DNA FEibiE 3 4 F
AN o TRIERE, 573 B A 5 TR LA b X 7 114 34
Wi, JEZ R GB 4789.4-2016 2 btk Jy pAG I . R
LI G V-LAMP J5id: . RF-LAMP J7 ik A K bR e
JrEEAI A L, o A SR = B G I 45 SR
15118501 B A R S ) K0 x100% . 5 41, S B 1SO
16140:2003%4F1 SN/T 2775-20112%), LIbR ik )ik
M, RIS V-LAMP J77EMl RF-LAMP
J5 R BRI RS | AR | A R R LA K
— 3k,

AERT 5 S5 = AP X A o 92 A 00 4 SR [ B
SRy B A St 810 50 CREL X s 1 2 G 0 245 2R [ Bl
SRy BRI AR b ) 50+ T o o ) 5 R R
B BHPE A & 151 %5) X 100% 5

R AT TR = A Xk o o A T 2 3 [
Shy BHE A it B8 50 (LR T o o 0 ARG 00 25 2R [ B
o BH PR A it 810 50+ R X T s o G T 245 R K
AR B A i 511 550) X 100% 5

T YA 258 = ORE X % 9 7 2 A6 D00 285 2R (] o
Sy BE P AR i B8 50+ R 6T M T 0 A 0 485 SR [ B

Sy B PR 19550 IR B 191 %50x 1009%

B R AR, A=A T AR T
VD0 4% S5 2 {5 L e o 49— A T e
5 R 0 22 SR 5 g 10 ) A R it 49 85— 1) 2 (X
TR U 7 A 4% 550 5 o M A R i 9 55+ A
ST 7 G 0 4% SR 5 IR i 1)
M P<3.84 I, FRPEIEN RN 5 5 By
Giilga b, M4 2>3.84 B, R EA R )y
SH BT gEER P

2 HREHH
2.1 LAMP BfURBRZAFN KR &8I
3 — R0 O S HO A, B
A HE N 0.4 mmol/L ., FH =5 Bl d5e I 2 vk Ty
1.2 mol/L . Bst DNA AR ALAHR E R 0.224 UlpL
dNTPs Fe 2 FE A 0.4 mmol/L . fefIi S v Bisf [7] S
55 min DL KtV E y 62 °C, WK 1, #iE
SRFUR 25 ul i) LAMP SRR R, B4R .
I TR (35 5 AL 8E . Bst DNA B4 . dNTPs,
FITSEH . 10xbuffer 2.5 uL . LAMP 5| #12H FITCH# 7K)
18 ub., AP YRl 4 b, DNA FES 3 b,
T30, % LAMP AR R BRI . BRPERE SN
PG SRR EE RS UK LS, B4 2575 I T
R = R WL 254, WL 2A. 1% V-LAMP J7
2, RONEE TR I it A IR T as R, RN
W1 R sk i R 25 BAME | RV W A
P AR i ROR S5 R BIME, WK 2B, R AT
RF-LAMP J57k, B S U416 p 28 F R 45 B
KBS AP Fon s RN, WK 2C. 5
4h, 1E RF-LAMP A&, % EAA Y SYBR
Green | ¥eJ& % — 4TI, WA A [RI B 1) SYBR
Green | Xf 92 SEMIZR K, ZX) FLixAS [ 2¢ 't il
2. R R 25 0 DL KGR W A A,k B AR
SYBR Green | #¢J¥ 2k 1.2, WK 3A; [R]IPEFH %
INE 8 SN 7 ) 22 B i WG G HL TROUR S, 15 LA B
MRS RS B 2= 5, WK 3B,
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A B C
bp M 1 2 3 4 5 6 7 8 9 bp M 1 bp M 1 2 3 4 5 6 7 8

ad
il
oot
E
-
-

M 1 2 3 4 5 6 7 8

1 LAMP Rz 1RZ P AREE 5 K B AR R B 4% 14 st R s re ik (B

Figure 1 Gel electrophoretogram for the efficiency tests of LAMP reaction systems with different component
concentrations and reaction conditions

TE: A IR B AL BRI N BEIR Bk IR, 1-9 23 il R S AL BEMk ¥ 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8 F1 0.9 mmol/L;
B: ANIalve B 4 A S A S o BE S LK 18T, 1-8 23 Bl IR Sk B2 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4 Ml 1.6 mol/L; C: A
[ e B 17 Bst DNA ZR4& 1 S 7 SRR FEL K 18], 1-8 43313671 Bst DNA R4 HEHk & 9 0.064. 0.096. 0.128. 0.160. 0.192, 0.224,
0.256 1 0.288 U/uL; D: AN[EMRE M dNTPs &0 BERE L IR R, 1-8 43| %~ dNTPs ik & 7 0.08. 0.16. 0.24. 0.32. 0.40.
0.48. 0.56 F1 0.64 mmol/L; E: AN[F] 27 B ] % 7 i) B e f vk (8T, 1-8 43 Bl /s I i B [E] 2 5. 15, 25, 35, 45, 55. 65 Al
75 min; F: AS[R] SO i N A EE I LUK B, 1-8 43 51 3R I i 59, 60, 61, 62, 63, 64 Fil 65 °C. M: LD 100 bp Ladder
Plus.

Note: A: Gel electrophoretogram for the LAMP test with different concentrations of MgCl,, and 1-9 represent 0.1, 02, 0.3, 0.4, 0.5, 0.6,
0.7, 08 and 0.9 mmol/L, respectively; B: Gel electrophoretogram for the LAMP test with different concentrations of betaine, and 1-8
represent 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4 and 1.6 mol/L, respectively; C: Gel electrophoretogram for the LAMP test with different
concentrations of Bst DNA polymerase, and 1-8 represent 0.064, 0.096, 0.128, 0.160, 0.192, 0.224, 0.256 and 0.288 U/uL, respectively;
D: Gel electrophoretogram for the LAMP test with different concentrations of dNTPs, and 1-8 represent 0.08, 0.16, 0.24, 0.32, 0.40, 0.48,
0.56 and 0.64 mmol/L, respectively; E: Gel electrophoretogram for the LAMP test with different times, and 1-8 represent 5, 15, 25, 35,
45, 55, 65 and 75 min, respectively; F: Gel electrophoretogram for the LAMP test with different temperature, and 1-8 represent 59, 60,
61, 62, 63,64 and 65 °C, respectively; M: LD 100 bp Ladder Plus.
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B2 A, PSSR LAMP SEIRIKE. V-LAMP R & E LK RF-LAMP £ E

Figure 2 The positive and negative results of LAMP gel electrophoretogram, V-LAMP chromogram and RF-LAMP

curve graph

F: A: LAMP BERSHIZKE; B: V-LAMP B(a; C: RF-LAMP ik, M: LD 100 bp Ladder Plus; +: FEMARS; - BHYERES.

Note: A: LAMP gel electrophoretogram; B: V-LAMP chromogram; C: RF-LAMP curve graph. M: LD 100 bp Ladder Plus; +: Salmonella

positive result; —: Salmonella negative result.

A B
990 000
900 000
810 000
720 000
630 000
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450 000
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Lo =——
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0

bp M1 2 3 4 5 6 7 8 9

T T
OO0 -1 N =i —

Fluorescence value
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t (min)

3 RF-LAMP R[E A bR B s Y ih £ B A R 3o 87 A R B P ik B

Figure 3 Curve graph and gel electrophoretogram for the efficiency test of RF-LAMP reaction systems with different

concentrations of fluorescent dye

0 A PRI, B: BERHIKIA. M: LD 100 bp Ladder Plus; 1-9 735l /R 98 YRk 2 0.4%, 0.6x. 0.8x, 1.0x, 1.2x,

1.4x, 1.6x, 1.8x, 2.0x.

Note: A: Fluorescence curve graph; B: Gel electrophoretogram. M: LD 100 bp Ladder Plus; 1-9: The concentrations of fluorescent dye
are 0.4%, 0.6x, 0.8x%, 1.0%, 1.2x, 1.4x, 1.6x, 1.8x and 2.0x%, respectively.

22 HEMREER RS | T 7 4 2 07 45 A B I i ¥ A B

XFT 8 MRUPT T ICTARMERERRARE i, 26 V-LAMP AL, 25RO 4 RF-LAMP J7 A4
J5 RGN, FERE R A B N A BRI B RO BIRMBIBE R S RIZOLT ML, 4R uBAME.
o, R MM 2 RF-LAMP 5 iAail, ¥alil  V-LAMP J535F1 RF-LAMP J7 i AH HLH, — 2 45
SRFNPEN S BN N, 5. X AR, I H S RARSEPRSE R T, B
F 38 MRAEVP T I R AR HE R RRAE A, 22 V-LAMP 7 IADLER 2,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



Jilg A AT RIS DGR SR S EOR PRg s I SOkl 2L P VDT TR

3749

®2 HRMERLE

Table 2 Results summary of specific test

PRIARR TR V-LAMP J5 k& RF-LAMP 7513 | B R U V-LAMP J5 % RF-LAMP 751
Strain source V-LAMP method RF-LAMP method EStrain source V-LAMP method RF-LAMP method
ATCC14028 + n | CMCC(B)10104 = =
CMCC(B)50115  + 4 | ATCC19404 - -
CMCC(B)50335  + + | CMCC(B)31001 - -
CMCC(B)50093  + + | ATCC11778 = =
CMCC(B)50004  + + | CMCC(B)46117 = =
CMCC(B)50094  + + | ATCC9207 = =
CMCC(B)50071  + 4 | ATCC43864 - -
CMCC(B)50098  + 4 | CMCC(B)51056 - -
CMCC(B)44102 - | ATCC35967 - -
CMCC(B)26069  — S | ATCC27562 = =
ATCC8739 = - | ATCC33186 = =
ATCC6633 - - | ATCC33847 - -
CMCC(B)52204  — - | ATCC10792 - -
NTCT12900 - - | ATCC51329 - -
CMCC(B)49005  — - | ATCC25401 - -
ATCC19115 = S | ATCC10206 = =
ATCC33291 = S | CMCC(B)32213 = =
ATCC10231 - - | ATCC17749 - -
ATCC33090 - - | ATCC19119 - -
CMCC(B)26003  — - | CMCC(B)32210 - -
ATCC33152 - - | ATCC14041 - -
ATCC25923 = - | ATCC13048 = =
ATCC6538 = | CMCC(B)49027 = =

Ve o+ RIGSFR B - KL R B
Note: +: Positive test result; —: Negative test result.
23 RYEREHER

(1) HK5FEHC DNA

7E DNA ¥k 3.7x107°-3.7x10° ng/pL A,
28 V-LAMP J5 ki, I 1 Sz iy 48 24 BN
R E, AETESS S, Al DNA ¥
FESL MFAMELS SR, TLE 4A; 4 RF-LAMP J5 ik
T, G R B4 S N A RT IER BI B 25 1 S A Dk
P, MBS, mH A DNA HREERE L
FAMESS SR, TLIE 4B; V-LAMP J5:H1 RF-LAMP
JrEM A, ZHERMEE R e, 7idh, #
IR 7 4 S 0L 7 ) 28 B MR W e v TROUR 53¢, 15
SR BE AR St 27 7™ 0 DL B S A R AT T IS A
SN A DL B 45y, LR 4C,

(2) AR TR

TEATE R Rk By 1.3x10"-1.3x10° CFU/mL

BF, 28 V-LAMP J7ifaiml, JXT R ) s g 46 34
KRB ERDOCEE, HEMESR, mHA
DNA Mk BEFE S BI S, WK 5A; &
RF-LAMP J5 kA, 56 1 8 52 45 1 AT 0 4
F R EM S MAOEY L, ARSI, M
HAl DNA W EEFE G ISR, WKl 5B;
V-LAMP J5 i H1 RF-LAMP J5 i 8, — K
MEE R4 —5 HA, B RS R
N7 7 ) 2 B oM G G HL KOO, BH A i R
7 OB AR AT, T B R RN R
LB A&, DL B5C. BR b, dlad R EUEm
BTN, % PRl Oy R I 25 R A% E O R Y
BER A T WA XN, TR W 25 S, i HL gk
— 0 i R R O R LR T R O R, R R
A 53] 1.3x10' CFU/mL.
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480 000
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RO
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B4 #5I2E DNA REEMIRX A V-LAMP R&E. RF-LAMP 2 E IR LAMP 555 B 5k E
Figure 4 The results of LAMP gel electrophoretogram, V-LAMP chromogram and RF-LAMP curve graph for accurately
purified DNA sensitivity test

H: A: V-LAMP BE; B: RF-LAMP fiZk&l; C: LAMP SRR VKA M: LD 100 bp Ladder Plus; 1-8 435 /R K5 $2 5 DNA
WeBEH 3.7x10°, 3.7x10°%, 3.7x10°2, 3.7x10°°, 3.7x107*, 3.7x107°, 3.7x10 ° il 3.7x10 " ng/uL.

Note: A: V-LAMP chromogram; B: RF-LAMP curve graph; C: LAMP gel electrophoretogram. M: LD 100 bp Ladder Plus; 1-8: The
concentrations of accurately purified DNA are 3.7x10°, 3.7x10%, 3.7x10°%, 3.7x10 %, 3.7x10*, 3.7x10°°, 3.7x10 ® and 3.7x10 " ng/uL,
respectively.

QO I b —

Fluorescence value

A J . .. E
| < : |
] ¥ W %
1 2 3 5 6 7 8
B
480000
420 000 | —g
o 3600000 ¢
c 6
= 300000f 7
2 8
S 240000
S 180000 f
i ,
B 120000 )
—_
60 000
0

6 12 18 24 30 36 42 48 54 60
f(min)

5 WEIEFMREEMRIEE V-LAMP & E. RF-LAMP ghZkE LK LAMP A2 B ik E
Figure 5 The results of LAMP gel electrophoretogram, V-LAMP chromogram and RF-LAMP curve graph for pure
bacterial culture sensitivity test

H: A: V-LAMP Z(&; B: RF-LAMP fliZkEl; C: LAMP #E i H7KIAl. M: LD 100 bp Ladder Plus; 1-9 2Bl /R4 15 754
WeBEhy 1.3x10°, 1.3x10%, 1.3x10%, 1.3x10?, 1.3x10%, 1.3x10°, <1 Fii<1l CFU/mL.

Note: A: V-LAMP chromogram; B: RF-LAMP curve graph; C: LAMP gel electrophoretogram. M: LD 100 bp Ladder Plus; 1-8: The
concentrations of pure bacterial culture are 1.3x10°, 1.3x10*, 1.3x10°% 1.3x10?, 1.3x10*, 1.3x10°, <1 and <1 CFU/mL, respectively.
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24 FBEMRIELER
FEAS R A R 00 B[] S 3 = Rk N B3 451
N, V-LAMP J73: 1 RF-LAMP J7 32 (61 8 42
¥ 100%, W3 3.
25 ERIFLFESPIDTTRE SN LR
LR TS5 Y4k 5, V-LAMP fil RF-LAMP
IrEAE, AR g R e —8, WRE T
iz 10 FE 5L, W 4, T HE— B UE SOz Ry
VR Y BR AT 3k #) 1.3x100 CFU/mML ., 2 46
73 A SEBRAE S, FRUETTIL . V-LAMP 7k A

=3

T RE 1SR I0 45 R PA 145 R B3 PRI L5 R BIE (nn)]

RF-LAMP Jiik =& K HE 0510 6.8% (5/73).
12.3% (9/73)F1 13.7% (10/73), H4k, LI b 3FhJy
DA I i M DXORE S R 3400 16.0%
(4/25). 24.0% (6/25)F1 28.0% (7/25), Wl =T
JE AT XA L, BRI R 4 AEXT T
bR s, TH5EA53] V-LAMP J7i: 41 RF-LAMP
T A R S L AR | A ME A R L
K—BEHE 8, WES, KB V-LAMP Jiik
. RF-LAMP J7 i34 545 #E J7 ¥4 C W B % 5
(4°<3.84, P>0.05).,

Table 3 Results of stability (positive cases:negative cases (n:n))

S V-RT-LAMP method RF-RT-LAMP method o 5 R
Operating ISFJ P A A FHPEAGIAE i ISF P A I A FHPE ARG i Accordance
conditions Negative control samples Positive control samples  Negative control samples Positive control samples "2t (%)
Time 1 10:0 0:10 10:0 0:10 100
Time 2 10:0 0:10 10:0 0:10
Time 3 10:0 0:10 10:0 0:10
Laboratory 1 10:0 0:10 10:0 0:10 100
Laboratory 2 10:0 0:10 10:0 0:10
Laboratory 3  10:0 0:10 10:0 0:10
Inspector 1 10:0 0:10 10:0 0:10 100
Inspector 2 10:0 0:10 10:0 0:10
Inspector 3 10:0 0:10 10:0 0:10
F4 BEHAHSTRLERNER
Table 4 The detection results of raw milk samples by different methods
P 2651 oty PR 0 2 S 8 0 S R oo 912
Sample type Detection rate sample (positive sample cases/total sample cases) (% (n/n))
B 1 V-LAMP J7ik RF-LAMP J5
Standard method V-LAMP method RF-LAMP method
T35 el - 100 (10/10) 100 (10/10)
Artificially contaminated samples
2 RRE 6.8 (5/73) 12.3 (9/73) 13.7 (10/73)
Real samples
PR 0 (0/14) 7.1 (1/14) 7.1 (1/14)
Samples from Guangzhou
I SRR 2.9 (1/34) 5.9 (2/34) 5.9 (2/34)
Samples from Beijing
FiEEES 16.0 (4/25) 24.0 (6/25) 28.0 (7/25)

Samples from Shanghai

W AURRIR.
Note: —: Without detection.
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&5 KIREESENPEMNESE. EXNERE. EERRUR BT IR

Table 5 The analysis of relative specificity, relative sensitivity, relative accuracy and consistency for the detection results

of real samples

Hedl s vk PIPEGR DWEAR BUEEAER BRSO MRS HXHORE AOERE (A
Detection method %5 (f5]) %5 (1) %5 (1) %5 (f51) Relative Relative Relative % value
Positive Negative  False-positive False-negative SPecificity sensitivity  accuracy
cases (n) cases (n) cases (n) cases (n) (%) (%) (%)
bRt 5 68 0 0 - = - -
Standard method
V-LAMP J5 % 9 64 4 0 94.12 100 94.52 2.25
V-LAMP method
RF-LAMP Jrik 10 63 5 0 92.65 100 93.15 3.20

RF-LAMP method

- ARSI

Note: —: Without statistical analysis.

3 WikHE4®
A OB IR B0 T A I 9 1% 58 07 vk 24046 H
PR . TEFNEE LA A Al % 8 S BB e,
S LA A2 TE ) T 5 1) — S PR A U 5K Bl B AR
(0 RSB | BT R AR T 1k TE A A0 A S0 TUAE Pk
sy, , H A Ay MR (%) S IR S B R R R Ao
DUHEAR L B S 5 he AR B TR PR AR 2 &
FE 77 A AR IBAT S TATAS A it v A RRER B 1T, DA T 52
BT 5 3% 8 OB By H bR BOW R A, dn
Western blotting 1 FIIR AT 446 v 2028 TR ik
T AEA L, skl & 2 e & L bR
SRS G UATRR R N | S5 RS Z BIRE A
ot 85 1 P02 B Sk 5 AR A4 AR
R I AR B A IR SR, I HLA A
I7LRRRELE . R LRSS R e S,
PCR #:2%9  southern blotting :BH L & 35 PR
FBA%  LAMP J7 kIR TR R R G IR A
MHARXS T PCR J5ik, Hagtaild SOy 4 . Al
TR | B TARR T8 LA B AIR A A, T L
TEAER A T B0 Tk A= s I i s 72 PR Y
WREGE T, 2250k invAME: R 1R S H ARAs i
DA TV 1T EC R A O O AZ R A I, AR 58 B invA
FEPRER AT FE S B B s X Y LAMP N 514
A, ZBIMAFH S CHER LAMP 51917513
ANIF, BAME—PE, [RBTEA T % LAMP J2

I AN R S B0 B, & BRSSO ST AR B (E L
R 25 AR LAMP ROVRCR, MEE %S EEUE
B, HLAMP SN ECRSEA TS, XS
B —ERUERt, H LAMP SNSRI B AE
fb, BRiE#|—A~ FRR, JoHJEMSHL Bst DNA R
A (ANTPs He 5 AR S 07 A i) e B ) ) 3
A AIL(E 1C. D M E), AL, LAMP §" 3454
R i (IR T LA A O A A Ak A 2R A VR
OEAE N S NGRS G RN (A AR AT
I IR0 S dE s, A=
BB A REAH NG 0, FLRE R A BB AN 515 3]
Wl T, SRR 1A BoREeE
W T 0.7 mmol/L B H =9 255 W Wi 55 ) . A
5T X LAMP 2 A RIS EEBUE LA,
BRI T B LAMP 2w i 2 F 1, AR
P LB g (T SRR, A A A (R A5 A SN A 3
A, #ERIR TR,

LAMP 4379y RISk K6 1 H AR A DU R
B, BATCHEARZR T EWIZ Y, A
(1) sk R I HRL VRS 7 A
WA, HEWT, HHT LAMP KR 5
B, T e T A VA T YRR B s e R
A, TR VK ISR L S B EE YIS R T K, I
BAE Y XBEER, F AL, kIR TR R KA
BERE AGAL L B il 2 B MR I 4, AR R A B¢
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B (2) VEMUEEIMIEETSS ) fu i IR BB W A
AR SERELES, o, PIRR R 3 Ui H TG
SRR AR At R, T D sk RS RT S s R ok R A
b, (AZ AL A &, E—E B R TR T LA
PR (3) FE R Ak i s ik &
TR, S 28 PR FR X8 J52 1o i i %) €725 Ak RV T
PG, Y HTH G 7% 590 Q4 2 4 2 (S | N
) FEIEZE W (ORI ) A B R FE 1 SYBR
Green | (ST JE A, 23 ] 15 21 a A0 AR AG I AR 25
R, TCHANE , JUHIR R Hi A 48 7 A
AL RE G SRV Y, (A RN F B, SEHC AN A4
AR R . B APCR LT LAMP §7 154
SRR S IR 2 S . 741, LIRS
AR AT AE— 22 (0 £, AT RE SR 31 fp 2 4 R
FIHISE . (4) ek, BRI R & dhim A e
Seyekl, U SYBR Green 1P722 LC GreenP
EvaGreenl®145 | ] S i Wi 2 1) e A iz 1w 9 i il 2%
K, FARAEA FEAR B 45 SR, T ELiZ% ik 5 24 A
Iz G E i PCR M ARG, 5 T4k
Il T2, (AT B A R 2R,
BRI, ORI LAMP P8 Uiy v 4545 1 i

EN R VAN S S S e 3 R R L)
V-LAMP J5i:F15ET SYBR Green | 263k
RF-LAMP J7ik, o, IR MR A R
AT Z R HGE R V-LAMP 730 5145 4 T AH
NG AR I, AR T A ST 4RGE , %R
R A R AL BT L, FL ORI
RF-LAMP J5ikef, ABFFEIE S0 T SYBR
Green | ¥R BE XS SV (I R2 I, FEIEBC T HA LR
[t & BT AR B 1) SYBR Green | % LAMP
P ICR I BRI, 53 Ah, AT IR TR
T AL B RN 75 B S 0 RO, U S AR sk
MY, HHER R ATA%] 13 CFU/MmL, X7E
ZHTAHSCHI S A HE

FEEA T BEEER G B AR A st J5URE 2L HR B 25

SR 1102 X L B A R P, T A% R
I 75325 ) AT A5 50RE S iz M L i 2 B T4 LAMP
BT B I EOREEL V1] TR AR DGR B D
IEAHEFE N T F T A OB L v ] IR Y
V-LAMP Fil RF-LAMP J7k o S8Rl N\ T35 G 1 Jir
RIS, V-LAMP Fil RE-LAMP J7 X REA 50k
D HE PR 25 2R, R R AR & T, WRR T kT
BB 22 55 5 A SEBRIERLZLAE S, IF ShRE %
R Z5 AR LR, PR LAMP 5 i 204G H 56
W& AR, ATRESE LAMP J7 3k iAG 22 5
JER TR, s R RSO, SRR
Al g IR BIRE S A 1 O . EUR IR R
T ARG RE R | AR R R | AR TR 2R A S —
M, KW V-LAMP J5 41 RF-LAMP )5k
43 B SRR T A LGB B 22 5+ (P>0.05) . 534,
T R DR it PG 23R ) S TG S AT b X
R SR b DR L AT BB AAAE VDT ) QTR G
B, A2 ML

gi BTk, AP E A ME— R LAMP
RN, FEEAmNAAT 2R LAMP U
RMEM, X T V-LAMP Jr 3 Al
RF-LAMP J5 25 AR e S e R AEORE . [RIESE,
ZWA LAMP J7 35N T 5B H b 1 IR T 1 A
IS B 2411 B TN EE N S DO o v U RPN L ol S L d
VU 536 bR, UESSZ AT LAMP Jy i A
FOTAY | 455005, & HEOREELh vb 1) IR T A PR
AN, R AT S E A
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