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5 RT-PCR (Reverse transcription polymerase chain)7 i 49 & #0Z 3t 47rdx. [4 K] %% 65 °C
£ 30 min AT &R RT-LAMP B, FI R iZ 7 ik Al AR TT K EF 3 A fakt, 4 214
M A RA A, EATFEBASIE SN F, R HE A% 60 CFU/g, b RT-PCR 7 %5
100 4%, (4546 ] 2 269 E T 5% RT-LAMP 7 5345 4 30 1T K H I35 Bk b MR A ) F- 5.
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Detection of Salmonella by rever se transcriptase loop-mediated
isother mal amplification

LIANG Yu-Lin LIU Xiu' ZHOU Zhen-Sen ZHOU Peng-Fei  YIN Jian-Jun
(China National Research Institute Food & Fermentation Industries Co. Ltd., Beijing 100015, China)

Abstract: [Background] Salmonella is currently one of most common food-borne pathogens
worldwide. Every year, food poisoning caused by Salmonella ranks the first among all bacterial
poisoning incidents. [Objective] A reverse transcriptase |oop-mediated isothermal amplification
(RT-LAMP) method was devel oped to detect Salmonella. [M ethods] A series of primers were designed
according to the specific conservative invA gene of Salmonella, Real-time fluorescent RT-LAMP
method was established to detect Salmonella by optimizing primer selection and reaction conditions.
The specificity and senditivity of the method were studied by using Salmonella and its artificial
contaminated skim milk samples, and compared with the sensitivity of reverse transcription polymerase
chain (RT-PCR) method. [Results] The RT-LAMP assay successfully detected invA gene of Salmonella
within 30 minutes at 65 °C. Five strains of Salmonella were positive and the other 21 tested strains
were negative. In the extracting nucleotide from artificial contaminated skim milk samples, the
sensitivity was 60 CFU/g, which was 100-fold higher than that of RT-PCR. [Conclusion] The
established real-time fluorescent RT-LAMP method can rapidly detect Salmonella on site.
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VI TIREE A2 r 2= RSN, A
S NEUR, AR X SEeE, A Xt AR
PRt o™ . BRI N 2
T BCEERARYL, Hod 5 A RB A e £
THMRIEVT TIRE RIS R DT TR o 76 & J ]
FAAF KA 2200 77 NEPGGFEVDT TR IE, S350
2.16 T NFET- 75 ik E S AR Vb T R R
TNl AL g™ 5D 1T R A
A2, B UMM, AMTEH Tk
EhESSEGEGEN, Kt . & RIS
SRR,

TR B ML P U G TR 2y Bl
(BT i 6117 I = SNIA X = 5 1
SPUSEAPTR . HAR IO R S B ) . EBIE AR,
T A7 d A REERIGISE . VRN S i )y
W, WIS R R FA e R | OB L AR
B HILAE & S RUAE YRR SR N Tz
Krysinski %5 fg - B 7R T R FE V0 1] EC A A0 TG 4
FERIT: , (ESZI0 T Al DR BP0 S sedp
Ky FHEYERN R )R ARG, IR A EHER
W (PCRY WA M AR TR AL IR Y H AR AR A =
e R RS, (RAEAETELLEREA
PUME SRSB4, AT B ek ™ . [
I, A EFE R ik, bl IR
By A R A B .

A § 4 IR 1% (Loop-mediated isothermal
amplification, LAMP)E AR & —Flg BUAX R Y 1S+
AR, ZHARTLE 60-65 °C Hif 5545 1 h N FEAR
5] 10° K, IFHEA REERE . R
Ve SRR fEEE AR AR LAMP R
1 PCR ¥ M HARA L, LR | KMGER, £:5
P RRR BRI ESR, 2 LAMP BRI F PCR
HARUY 3 H, SR 38 07 AN T AT ] S0
FLHMNES, RERITHEAWTY, ST LI7E,

SO LRI . FH T DNA TESEIE Al
fife, fEGEHILL DNA AR LAMP S JGik X 43
SRR, 5 FEUERBAER R . LRI
RNA WHARFEFT RT-LAMP S, A] L3k 5] % 5]
FEIEE I B, RT-LAMPH ARTER N 41z
87 FH T R A I e D10 4 G 0 T 0
o ARSI T IR R O SF Bkt LAMP
519, BT RNA SRR 1) RT-LAMP 2K
(L
1 MRS HE%
11 =

BARER R . KWAFFE 0157 (E. coli 0157)
CMCC44828 , ki #F B 0157 (E. coli 0157)
CICC21530, Wiz 28k KW HF 14 (Enterinvasive E.
coli, EIEC) CICC24188, Ji £ kK o AT @i
(Enteropathogenic E. coli, EPEC) CICC24189, {j;%
TP TR (S typhi) ATCC14028, HIBIEIIEVDT TR
#i(S paratyphoid A) CMCC50001, Z#LYP TR H(S
cholera) CMCC50019, & PITIGIE (S enteritidis)
CMCC50041, 7FEVH[ TR (S typhi) CMCC50115,
RINEPICH (S sonnel) CMCC51592, ik 55T
(S dysenteriae) CMCC51252, #& G241 R IA (S
flexneri) CMCC51572, ## Gk R (S flexneri)
ATCC12022, 4w to %R (S aureus) ATCC13565,
S WO AER (S aureus) ATCC29213, 4 v (4,73
ZJERTE (S aureus) ATCC2592, 4 i (4 iz Bk (S
aureus) ATCC14458, 4% {0 %] % Bk 14 (S aureus)
CMCC26002, Il % i 5K I (V. parahaemolyticus)
ATCC27519, #ll ¥ i 9K 1 (V. parahaemolyticus)
CMCC60101, 3 2= 3 4% [F (L. monocytogenes)
ATCC19111, #3842 # 4% [# (L. monocytogenes)
CMCC54001, /M4 R HB/R AR 171 (Y. enterocolitica)
CICC21669 , i % {& ™ g 7 (P. aeruginosa)
ATCC27853, Bl 74T 1% (E. sakazakii) ATCC51007,
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PR e 55 B i (S. pyogenes) CICC10373.
12 FEIRXFIFOMNEE

RNeasy Mini Kit, @A B R AT R
) ; PrimeScriptTM RT-PCR Kit, Marker DL2000,
FAY TROGE)A R F; 1sothermal Master Mix
(IMM). Genie Ill, OptiGene Limited Z3#]; Trans
DNA Maker 1T, Jtm e EWHEAGBRAF .
B WA . .00, Eppendorf AW EEKE
&, Tomy Digital Biology 2\ ) ; HfEZRE H />
BriX, M PCRAY, Biometra/swl; HLIKIX,
E B A E] BERCE X, Vilber Lourmat
i
13 FH&*
1.31 3%t

fid#iE GenBank 1 invA JE X (GenBank Accession
EU348365)1#)741, FIH LAMP Primer Explorer 4 7£
2R 3144 (http://primerexpl orer.j p/elamp4.0.0/index.html)
Wit 6 A5y, BAL I MasESN Y F3. B3,
N514%) FIP, BIP #1354 LoopF. LoopR, #&it5¢
BUG ZFEA S G AR R B A FRA FA B
132 #hiEsdE RNA RS RENE

TE~FAR BB R U0 1] IR TR (CMCC50041) H 14
A LB WiREs 3R 3k R, 37 °C, 200 r/min £33
12 h FXFEOH ., B 1 mL ODgoo M 0.15 B A &,
5 000xg 5.0 10 min, REEFRA, mTTTEMA
10 uL FE ARG K, 100 pL TE (&% 15 mg/mL %
), FEAMRAIUIE, TEE M TV 30 min, 4%
518 RNeasy Mini Kit #/EALIRIEH RNA

RNA B 5 R R A 4B BEAG I . B RNA AT
1 pl, ATERCRAZRR R 5T O E SR U RNA
TEP K 260 nm Fl 280 nm AbAEESMRISE , E L
OD 60/ OD g0 FHHE FE{E H W RNA ROZliEEFIvk i, &
EME 3K

RNA B5E8 PRGN : 433 HC RNA #4606 pL,
FE 1% B s RERe b alEr TR kA e a8t 150 V
THE LR LUK 20 min, 284MT LS RNA 454,
I BEAHC R4

1.3.3 RT-PCR #1 RT-LAMP R {K %

RT-PCR #3459/ 750an3k 1 Boos, 97379
“Jy 116 bp., #% 1 PrimeScriptTM RT-PCR Kit #:{F#
EVEAT RS A0 PCR 48 S o

ZAALIGTE 12.5 L RT-LAMP A &, 4335
7.5uL IMM . 35 uL G 51YGM 19 . W51 PIFIAR
S1¥& Rk 25, 10.0 #15.0 pmol), 1.5 pl 45
i RT-LAMP JZ )i i B 65 °C, Ji ) i i) 30-60 min,,
1.3.4 RT-LAMP B9%53 %50 R SUE RN

FEHCSRRVD T G TR A 2L BRAE VD T T FC T RNA,
DL R B R 64T RT-LAMP J52 1 56 3iF J7 s (4 4
Sk

W P2 B I 92 VD 11 G (CM CC50041) 57 14 7
&L RNA e B , %5 RNA HE1T 10 fi586 EFS
B ek 1.7 fg. 17fg. 170fg. 1.7 pg. 17 pg.
170 pg. 1.7 ng/uL 3t 7 VREEREFE , A5 MR A
JE £ B 1.5 pL A AR S T RT-LAMP SO A4k
KEFRUDT T IRAE R
1.35 RT-PCR #1 RT-LAMP &7 A L5005
FL A Y R A

U OUE R A5 R 0 ME e, & E R
GB/T4789.4-2016 J5 36 uF k5 fir B AR L Hh A &5
VIR, B 25 g IRZLE T 225 mL KA 2L
IKH AR T BEFE A o BCRTEE S5 5219 12 h Bl R IDT]
[CTE (CMCC50041), FHAEBRER K FE /i B 773k
10 MR R YRR, BB A 1 mL ITAA
THERRFLEES N T3 Y AR L P B VRO i ik
#] 10 '-10° CFU/mL, FE/MR4A, fENA TI53L
BEFLFE S

B BRIV B ) N s e R FLAE i 1 omL, 4
BN T35 G AR ZLAE 5 R ) RNA, [RIBS O I 1]
GRS LR S 1 mL A X IR SP A7 64T
RNA 280, 235|317 RT-PCR 1 RT-LAMP JZ )i,
FU A PR (ARG R AR
136 EEKSFFEEREST RT-LAMP &

TRFEIETEH RNA FEAFIEN, REGSERE T DNA
Xt RT-LAMP #6345 (g T4t . $EEL 10°, 10*, 10°,
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10°, 10", 10° CFU/mML AANH R . 0.1 MPa’k
W 30 min, JfCE—BetE], BEHBEEIRE, XAEE
PP AR FR, BEE K TE 4. 2 X KA i
JE AU R BE VDT T IR G T RNA 423, JF
P17 RT-LAMP 2
2 HREHMH
21 #hEEFIDITRE RNA REURENE

24 RNA OD60/OD g0 KT 2 B 22 BRI RNA
alifiEfeer, % Qiagen I G IRBUN DT IR RNA
el 78.3020.10 pg/ml, 4EFEEN 2.29+0.24. A
1051, 4 Qiagen i & 4RIV TIRE RNA H
A 16S 1 23S WA Z5A, Jo ARG, K]
FEEUH RNA SERMH05
22 5|40k

2 I 3 43 BIEAEAS S A AR 05 Aol
MRl kAT RT-LAMP 51470 BA: A BH P4 38
Mo FEAN GBI AEOL T, 155 6 55491
SR MLk, TEHRRR RIS R E R R G, %
2 AT B8 A5 | 40 1) Al 5 I e 4o 5 | A R S
Pyh . FEERIEMR ST, 3 S5l
B 3G s [R] R o B4 3 G ME . £ 18] 2 IR 3,
3 FHIWAEY WERE M . B B IR E S5 D T
BT HARLA G 1Y), AIEN RT-LAMP K —2i5%
IR NBI1Y . 3 55IYIFHIE 1,

bp M 2 3

238
16S

1 PITIRE RNA Bk

Figurel Salmonella RNA electrophoresis

H: M: Marker DL2000; 1, 2 A1 3: fAIbIICTH.
Note: M: Marker DL2000; 1, 2 and 3: S enteritidis.

60000 r _ Number 1

—o— Number 2
—a— Number 3
—v— Number 4
8 40000 F —« Number 5
g —»— Number 6
$ 30000 -

50 000 |

Fluorescence
(9%

== 20000 |

10 000

2 S|YBATEY

Figure2 Primer negative amplification

2.3 RT-LAMP By4F S0 R SUE &)

RIGXLHE 5 BRI TIRIRFEN Y 26 BRH LA
FE T RT-LAMP Fe b, g5 2 piR,
R 2 BRERGZEDTTIRE . 1 AR RIRIGIEVDT TG
WL L ARERLYTTIRE R 1 BRI TR A
DY ML, FHAD TR R 7 A 9O it £ .
R LIH T B RT-LAMP J7 v HUA %58 1Y bk
Sk

PREALREFRVD T TG AL RNA A R BHE AR AR,
XPREAR AT 10 F5 40 EERR RS, Al RT-LAMP Ji2 )i
FREE., HE 40, RT-LAMP &G invA
FEN A RBUE N 17 fg/ul, I HAE 30 min N 52K
P 1R o

40 000+

30000+ —=— Number 1
2 Number 2
8 /‘A«Mﬁ-ﬁ Number 3
2 I :
g 20 000 —v— Number 4
E —<— Number 5

10 000 - —— Number 6

0

3 SIYBATEY 18

Figure3 Primer positive amplification
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Tablel Sequencesoftheprimersfor RT-LAMP and RT-PCR
HEHE [oRllpR7S 514 5191175 Kz
Target gene Detection method Primer Primers sequence (5'—3') Size (bp)
invA RT-LAMP F3 GCGAAGCGTACTGGAAAGG 19
B3 TCAACAATGCGGGGATCTG 19
FIP ATGATGCCGGCAATAGCGTCACAAAGCCAGC 2
TTTACGGTTCC
BIP GTGGGGAATACTCGCCATGGACCATCACCAAT 29
GGTCAGC
LooF AAACTTCATCGCACCGTCAAA 21
LooB CCTCCGCCCTGTCTACTTATACCA 24
RT-PCR F CAACGTTCTCTGCGGTACTGT 21
R CCCGAACGTGGCGATAATT 19
x2 FHRUENER 70 000 -
Table2 Resultsof specificity 60 000 |
PItRAAFR PR G S For ik S = Negative
Strain name Strain No. Detection result g 50000F — 1.7ng/uL
E. coli 0157 CMCC44828 - 2 40000l 170 p/uL.
f 5 —— 17 pg/uL
E. coli 0157 CICC21530 - § 30000k —« L7 pg/uL
EIEC ClCC24188 - = —— };Off/g/iL
EPEC ClCC24189 = 200001 o 17
S typhi ATCC14028 + 10 000 -
S paratyphoid A CMCC50001 + .0
S cholera CMCC50019 + 0 5 10 15 20 25 30 35 40 45
S enteritidis CMCC50041 + ¢ (min)
S typhi CMCC50115 +
S. sonnei CMCC51592 _ 4 RT-LAMP RN REE
S dysenteriae CMCC51252 _ Figure4 RT-LAMP reaction sensitivity
S flexneri CMCC51572 -
S flexneri ATCC12022 _ 24 RT-PCRFIRT-LAMP#EATLiS#AEFL FAY
S aureus ATCC13565 - REEN
S aureus ATCC29213 - FERERE L5 AN R BE (VT TR ST, =R
S aureus ATCC25023 - 30 min JFHE( TR S CE ) RNA ROBRE, 2
S aures ATCCIAS8 - J5 847 RT-PCR Fil RT-LAMP 2 fiCf £ 30l (F 5
S aureus CMCC26002 -
V. parahaemolyticus ~ ATCC27519 = MIE 6). HE 5 AIAI RT-PCR [ i 2 #1535 %
V. parahaemolyticus ~ CMCC60101 - 6x10° CFU/mL , et i i PRt A AR A ) 328 4
L. monocytogenes ATCC19111 - Ji£ %k 6x10° CFU/g. H1 [ 6 T %1 RT-LAMP JiZ v/ 7
o eneoogenes - GHEER I i FEIAF] 6 CRUMML , S Al PR IBERRFLRE iR R
Y. enterocolitica CICC21669 = R N . .
P. aeruginosa A TEETSE _ U 60 CFU/g. B/ 1Y RT-LAMP Jr i R4
E. sakazakii ATCC51007 - #, J& RT-PCR [ R 100 524 1
S pyogenes CICC10373 - 25 FEEWRESFEEKRST RT-LAMP &7

TE: +: Aoy g, Atk — JCOOEP i, Btk
Note: +: Fluorescence amplification curve; — No fluorescence
amplification curve.

KT BTG 45 W BE RS EE V0 1) B B B TR g AT
RNA #BOF3E4 7 RT-LAMP 2. & 7 KBRS
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bp MNC1 2 3 45 6 7

116 bp

E5 ALS#HMBAETF RT-PCR F=4)88 ik

Figure 5 Artificial contamination skim milk RT-PCR
product electrophoresis

¥ : M: Trans DNA marker I ; NC: FHEXSBE ; 1. 6x10° CFU/mL ;
2. 6x10°CFU/mL; 3: 6x10°CFU/mL; 4: 6x10°CFU/mL; 5:
6x10' CFU/mL; 6: 6 CFU/mL; 7: 0CFU/mL.

Note: M: Trans DNA markerIl; NC: Negative control; 1:
6x10° CFU/mL; 2: 6x10* CFU/mL; 3: 6x10° CFU/mL; 4:
6x10° CFU/mL; 5: 6x10" CFU/mL; 6: 6 CFU/mL; 7: 0 CFU/mL.

60 000
50 000}
—=— Negative
8 40 000| 6x10° CFU/mL
8 —a—6x10° CFU/mL
g 30000 —v6x10° CFU/mL
Z 20000l < 6x10° CFU/mL
——6x10' CFU/mL
—+ 6 CFU/mL
10 000 - ——0 CFU/%L
0 5 10 15 20 25 30 35 40 45

¢ (min)
6 ALiSHEMBAER RT-LAMP R R 8 E
Figure 6 Artificial contamination skim milk RT-LAMP
reaction sensitivity

50 000}
40 0001 - Negative
© -+ 10° CFU/mL
Q
2 - 10° CFU/mL
£ 20000/ ~ 10> CFU/mL
~ —-10' CFU/mL
10 0001 ——10° CFU/mL
0

15 20 25 30 35 40 45
¢ (min)

0 5 10

B 7 EE RNA &
Figure7 RNA detection of viable bacteria

I TIGE RT-LAMP 2, 10°-10° CFU/mL vk s
PP IGO0, R SOVAR R P S AT
[CH RNALE 8 K01 1R IE RT-LAMP J )i,
R e e R P TR U T AT R BRSO B S v . K
BIAEFRRVTTIREE, 2P ARG TR EEAR K IIE I E
¥, RWKEE T TR SRR . 2R G
7 FE 845, UITTIRIASLI RNA Rt 4, P
S RT-LAMP JigiAgess thibl T IREAEE, Alxt
TG BVDT T IR A 2R

3 WikE4w

BEXTYD ) FQ TR R Sk O AT R B izt 1
6 2 LAMP 514, XT3 i oLt
B IE | —RARSEAR R R 1 . A FR R HL K
A BE RGN, ASZIS Y 1 MRS AEAL A R
PEICHNER, ARG FEICTE IF S5k, B K
BEARS 195 R AR 5 2%

H T DNA &, 7ESLEPA G FEfR, ALK
IHAIAEAE . f55E10% DNA SRR 1) LAMP
J AT g 23 FH T DNA BIAEAETTT S 2B B Y e 2R
1M RNA EA I BREE S A TRE , 230 RNA 7S8R
RN AR TR AR . SETF L, DL RNA S
17T RT-LAMP 23 REfE A A5 X 0 A0 TR B BETG ,  hEf
R BAPESS R K HE s § G R AR R WA AT T IR
PR AL TG AR, ST BB IREUAT: b () v 7 Jak
Yebtk, A BT 2 A U

100}
—=—Negative
50 - e 10° CFU/mL
8 —+-10* CFU/mL
2 0 ~10° CFU/mL
S ~10> CFU/mL
o —10' CFU/mL
—S0r ~+-10° CFU/mL
1 S S S S
0 5 10 15 20 25 30 35 40 45

t (min)

8 JLE RNA i
Figure8 RNA detection of dead bacteria
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HAEARYD TG SRS FAT invA, fimY |
phoP 1 Hisd 21621 | Horfr invA i PR R ) 25 11 78
IR NSRS B R ETZEAER, ZVT TR
M EZESHET, BRENCRKZIZELIVPT TR
RZBEN invA ZERIE AL R Asugs
HIEVPT ] R E RS invA Z2H 3 LAMP 5147,
AT T SE O RT-LAMP A 7k . RT-LAMP #6:
Wy vk AR =, R AR N 95 G e A LA R Al
JE1k%] 60 CFU/g, & RT-PCR M 3%, [FEHZ
TR, HKEE OptiGene X g8 F- & i {31 12
P48 A0 S S AR AT DAL B R A T, AR B S B
BN A AT 2 h 22 A, 5 ARSI 5 2 AH LA
RRGGHE T RO ], A5 B S BRD T] B i B3
S

ST Y SEIR P RT-LAMP J7 i HRER 3] 7>
ITIREJE, AREXIHhIEDT TIRE BRI TR
s, BRI Chen ZEPU BILIGFE VD T R
) STY3671 Fll STM4496 L[ MHLILIN , REAZIIL
FEVD T TR ST R rA & Hh Ho At 5 LA Vb T B I
W TT . Yang 2515 & w2 2L 1ygD 2[4
YERREM A RIDT TG EE R, SRR A
W g VDT TR o Je B AT ARHEAS ] 375 Y e v 1] R AT
R SRR EE BT 5 1, BEAS R R VDT ECTR 43 3]
i o

HERFREZL, RE YT RES N
[[7E G & e oo e W P 1 ey e U W LA REE
FERMIORIE, BRIEE 25 XTI TIRE RNA 2
I RT-LAMP ik it . 28 BRRA, g
TIRMEPREE . REUE . RS A TR L
Rl B S2ET 25 RT-LAMP 53, K %t S2prke
s RS DA — 2558 iy s o
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