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[ Abstract]  Objective To Establish a loop-mediated isothermal amplification ( LAMP) assay for detection of
Salmonella in fecal samples of tree shrews, and report the result of preliminary application of this method. Methods
LAMP primers were designed and synthesized according to the conserved sequence of Salmonella specific gene invA
(invasive protein gene A). To optimize the reaction time and temperature by setting 10 reaction times (24 to 42 min) and
temperature (57°C to 66°C ) and tested its specificity and sensitivity. At the same time, a conventional PCR test was

performed to verify and compare with the LAMP assay. 91 fecal samples of wild-derived tree shrews were detected by the
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LAMP assay. Results The experimental condition was confirmed as 62°C and 34 min. The sensitivity of Salmonella was
3.36 x 10" CFU/mL, which was 10 to 100 times higher than that of conventional PCR assay. In 10 kinds of intestinal

bacteria for LAMP amplification, Salmonella enteritidis and Salmonella paratyphi B were positive, the others were negative.

Among the 91 samples of tree shrew fecal samples detected by the LAMP assay, the positive detection rate was 20. 88% .

The LAMP assay can be completed within 40 min, the result can be observed and judged visually by color changes.

Conclusions The LAMP assay established in this study is convenient, rapid, sensitive and specific. It can be used as a

rapid measure for large-scale detection of Salmonella in feces of tree shrews.
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Tab.1 The experimental bacterial strains and sources

HEdh g 173

Sample Number Bacterial strains

Sources

1 98 Y171 I T ( Salmonella enteritidis )
RN FE VD] FC I ( Salmonella paratyphi B)
-3 A8 T AT B ( Proteus vulgaris)
2N ERE ( Enterococcus faecalis)
PRIGERTA ( Enterococcus faecium)

T b BRI 75 1 ( Escherichia fergusonii)

I IR IS T ( Shigella flexneri)
RICEB [T ( Shigella sonnei)

KM #57 ¥ ( Escherichia coli)

4 A A ER T ( Staphylococeus aureus )
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A
THEE G

A it S5 %E WIF9E B National Institutes for Food and Drug Control
I 4 E W GTBE National Institutes for Food and Drug Control

4§ i 2248 732 Tsolate from feces of tree shrew

4 i 2248 73 Tsolate from feces of tree shrew

4 i 2548 73 Tsolate from feces of tree shrew

4 i 224 532 Tsolate from feces of tree shrew

4 i 2248 432 Tsolate from feces of tree shrew

4 i 2248 73 Tsolate from feces of tree shrew

4 i 248 73 Tsolate from feces of tree shrew

4 i 224 53 Tsolate from feces of tree shrew
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BB X (Tmplen) ; PCR 314X ( Bio-Rad ) ;
HEE ALY ( Bio-Rad ) ; HL KA FITHL Pk A ( Bio-Rad ) ;
Anee 4z 2k A R B0 ) & ( TaKaRa MiniBEST
Bacteria Genomic DNA Extraction Kit Ver. 3. 0) ; 4 il
Mix ( %ﬂ»ﬁ{%) ; WarmStart ® LAMP i F & ( New
England Biolabs Inc); GelRed %t % £ R Y& #l
( Biotium) ,,
1.4 SLBWHE
1.4.1 RFEEFE

K IR T R AR R T LB WA SR AR 1E
BYRZ 2N 37°C 250 v/min 1L B 3%, LATE AL A1
FEAT . SRR RS TT IR A BRI A3 FEVD 1]
QB Zr e T SS B g bk b HAR TR HRh T8 57
Tillg 37 C A B SR A I B 1597 24 b,
1.4.2  FERHRBENE

a3 R R U1 IREE FH TR K 10 A5 86 2
M B e R T T B T8
1.4.3  ZHE DNA 21

Sl SR S 00 T AR 2 IR T 4 R R 2 R K
G U A5 42 B DNA 3 ZEMEAE TP 40 DNA $2 )
S LaMontagne[ls] VRSB 4 R 3 R 4 4R Uy
IR
1.4.4 5lyot

AT TR invA 3£, 2% Rahn %57 1Y
SCHR A 38 PCR 5149 (invA-F | invA-R) ; & %

Yang 251" (4 ifF 5% & B LAMP 5|4 (F3, B3, FIP,
BIP Loop-F Loop-B) , 51 R EY & 1L, 5197
I 2,
1.4.5  LAMP & )y i g sk ik

FIFH 2838 PCR A oy BHAE 0 R FE A R 17
LAMP J5 v& &7 e flifb, # f8 WarmStart® LAMP
A AU A5, R 25 pl B9 N R &R 44
WarmStart LAMP 2X Master Mix 12.5 pL, 40 pmol
FIP/BIP % 1 pL,10 pmol F3/B3 £ 1 pL, 20 pmol
LB/LF % 1 pL, LAMP Fluorescent Dye (50X) 0.5
wL, A DNA 1w, ddH,0 M2 25 L, X5 iR
A2 N IS ] 2R A7 Ak, v i iR R B B 57°C
58°C . 59°C . 60°C . 61°C , 62°C , 63°C . 64°C , 65°C .
66°C ; % B i ] & 24 26 .28 30,32 .34 .36 .38,
40 .42 min , A 35 e AR S o 30 8 AR 52 1 B ]
1.4.6  LAMP F#y#ii

LA A R OUE 25 0 W7, A8 e B 0 9 SR B
PE, TCH VR O BIYE, 0 Ah, OB HTZE AR & o
ABEELRR | RV 45 5 B ek, I b i,
SHMNEIRG T B & gk @5k, AR &5,
HULAMP 724 3 L FH 2% MBI 0l 47458 e H ok
FEBEIE AR R G A5, B R Bk A5 5 I T
i i
1.4.7  REEENHL

FH R EEST 19 LAMP J5 Xt 2 AR VDT IR AR
PRAN 8 BRAEVD T TIC A HEAT A, ] B 3£ 473538 PCR
3 (Hoh PCR R 451 0. 94°C B4 5 min;
94°C A 40 s,60°C IR ‘k 40 s,72°C ZEAH 50 5,35 4
PEFR;72°CHEAH 5 min; fRAF T 4°C) o BRI ™) 3
pL T 2% BB RIEA THRERE LUK

x2 5lWTY)
Tab.2 The primer sequences
5194 %K% (5 -3") frE &7 %%
Primer names Sequences (5’ -3") Position Products Reference
invA-F GTGAAATTATCGCCACGTTCGGGCAA 287 -312
inav-R TCATCGCACCGTCAAAGGAACC 571 =550
3 CGGCCCGATTTTCTCTGG 503 -520 Rahn 11
B3 CGGCAATAGCGTCACCTT 665 — 682 A
FIP GCGCGGCATCCGCATCAATA- 573 =592 (Fle) 284 b
TGCCCGGTAAACAGATGAGT 527 =546 (F2) P
BIP GCGAACGGCGAAGCGTACTG- 573 =592 (Flc) Yane[12]
TCGCACCGTCAAAGGAAC 527 =546 (12) ang:
Loop-F GGCCTTCAAATCGGCATCAAT 547 - 567
Loop-B GAAAGGGAAAGCCAGCTTTACG 613 -634
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1.4.8  ZREUENK

FHICHETK 10 fi80 BER BE A E F2 VD T T IR AT,
AFERAS IS mL BRAEEL DNA, 4351847 PCR
1 LAMP 359738 ik, FAs B vk R
1.4.9  LAMP 3 78 PR AS U AR it 28 i v V0 1 FGRRT
1) v

X Q1 453 B A A i 7 e A {5 42 HUA DNA A H]
NI LAMP SESEF AN, [R] B 538 PCR JA 31T
XF LY, PSP A i A

2 #R

2.1 WIERERERR

gl F= WV 1) IR ) 46 Wkl 3,36 x 10°
CFU/mL, PCR ¥ 34 )5 BE HL UK 45 2R 7R 78 284 bp
WA B B ST (IR 1), RISV T IR BH
LAMP R348 5 045 PR R ¢ €, TE AR XF
WG (| BE I FL TR 25 SR s M BRR 25, & LAMP
P10 AVRRIE (WL 2)
2.2 LAMP R &HMRUER

ZRAFOLA S5 SR R 7 i A I R BE R 1
ey, HLAR 50 BE 22 B/ R B 62°C AR Ry fe 2k 5K
6119 S T 5 IR B [RIAE 34 min DARG 45745 52 %
WriEnE 34 min DLJE 2 O i 25 5, DA LA A A
FER B [E] 34 min,

1000 bp—

500 bp —

2.3 LAMP $#RHi{KEER

FHARAC LT () LAMP 35 A6 0 45 Sk | 25 2R R
NIRRT i 3T a0, HAE 28 4h
T AL, B TR 45 R AR 4 450,

M 1 2 3

500 bp—

284 bp—

{£: (M) DL500 DNA marker; (1) i 4801 TR HE AR HER; (2)
CHRIRNIFEVD TR BARHERE ; (3) TR B

E1 P IREFERR PCR AIZE R ALK I#]
Note: (M) DL500 DNA marker. (1) Salmonella enteritidis
standard strain. (2) Salmonella paratyphi B standard strain.
(3) No template control.

Fig.1 The electrophoresis chart of Salmonella

standard strain PCR test

1 2 3

T (A) BERSHL VK (FHAE BR800 ) 5 (B) BRI R GeHA I (C) AIRILEZE (FH4E R4 (2) ; (M) DL1000
DNA marker; (1) 40T IRIEARMERR ; (2) ZBIEIGITEV ] G RRUER ; (3) TERARX IR,
2 WITIRBEFRERE LAMP 0 45

Note. (A) Gel electrophoresis ( Positive samples show ladder strips). (B) Pictures taken by the gel imaging

system. ( C) Visual observation ( positive samples are green). (M) DL1000 DNA marker; (1) Salmonella

enteritidis standard strain. (2) Salmonella paratyphi B standard strain; (3) No template control.

Fig.2 The results of Salmonella standard strain LAMP test
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AEHAD 8 #RAE VP ITTIRE N TE W] i 4547, 5 PCR
SR —3 PEEI A ST 19 LAMP %0001 R B
Sk, (WK 3)
2.4 LAMP &P TIKEANRBER PCR bR
#R

XTAlisE S 0 2 U 1 DGR AT R B R Wk
K N :3. 36 x 10° ~3.36 x10° CFU/mL, #RJ5#EfT
LAMP 1 PCR A 10 , %6 W2 H Uk 25 51 7 LAMP 724
76 3.36 x 10° ~3.36 x 10" CFU/mL A W Btk 5%
s PCR P2HIAE 3. 36 x 10° ~3.36 x 10° CFU/mL A
B2 (WL 4) . PRk, LAMP 32 (4 A6 0 B 78
3.36 x10' ~3.36 x 10° CFU/mL ZZ [&], PCR (1) il
FRTE 1 x10° ~3.36 x 10* CFU/mL 2 [i] , LAMP #5 ]

1000 bp —

1000 bp —

284 bp —

VO TR E 1) R AU S PCR AT 10 ~ 100 £%,
2.5 LAMP EFERER N EZEE D ITRE K
A

XFRAERY O1 1737 fef ) i 288 (e B B B DNA
17 LAMP il | [R16 473838 PCR 33 F , LAMP 45
WIRBAYEREA SR 19 13, BHPE A 1 %k 20. 88% ;
PCR 455 /R FHPEFEAS KO 18 1, FHAEAS 308
19.78% , H PCR FI1 LAMP # i B9 FHPE AR 5 58 4 W)
4o LAMP & PCR 7™ ¥ € it L Uk 35 o0 45 SR ( UL A
5) o X PCR K BH P (4 A% & BE AL 30 B =00 147 0
F LM R 5 B 50 W) A R Yk 5] 999% L
b PRI AT AR SE LAMP 25 5 i8] S

i (A) PIHRWLEE; (B) BERHMUS RGN (C) LAMP Kl FR 544 ; (D) PCR AZIUHF54E; (M) DL1000 DNA marker; (1) R
ITIRH; (2) CBIRMAGIETDTTINE ; (3) FHEIEAT R ; (4) FEMBRE; (5) IRIABKIE; (6) PR ARIRA T (7) IBIREMTE; (8) R
[CETICH; (9) KIBBRATE; (10) 48 EATAERER ; (11) TR i,

3 LAMP il PCR Kl 5t
Note. (A) Visual observation. (B) Pictures taken by the gel imaging system. (C) The specificity test results of LAMP. (D) The

specificity test results of PCR. (M) DL1000 DNA marker. (1) Salmonella enteritidis. (2) Salmonella paratyphi B. (3) Proteus vulgaris.

(4) Enterococcus faecalis. (5) Enterococcus faectum. (6) Escherichia fergusonii. (7) Shigella flexneri. (8) Shigella sonnei. (9)

Escherichia coli. (10) Staphylococcus aureus. (11) No template control.

Fig.3 The specificity of LAMP and PCR detection
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M 1 2 3 4

1000 bp —

1000 bp —

284 bp —|

6 7 8 9 10

B

. (A) LAMP A3 2 50% ; (B) PCR A R A% ; (M) DL1000 DNA marker; (1 ~9 %) 3.36 x 10® ~3.36 x

10° CFU/mL; (10) Jolitxf i

E 4 LAMP F1 PCR A& 7 f5 )%
Note. (A) LAMP assay. (B) PCR assay. (M) DL1000 DNA marker. (No.1-No.9) 3.36 x 10% to 3. 36 x 10°

CFU/mL; (10) No template control.

Fig.4 Sensitivity of the LAMP and PCR assays

3 itit

S0 B Y B0 R B T A ARSI i T
ELATE Pl e  RECERRE, WITIREAE
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F TP RIS W) 5 Gy Il (8 Al
PR (LA I A0 R S P BR R T R 0, 9 FLEF X
TR R — i 19 S 55 Sl P R, B AT 8 AT AT A
PR B e iR & B T 0 F AR A A Y
PCR 1 qPCR J7 3548 2 I I IR A, B4
R S R R (AR AR A
25 BL 020058 1ok B I L Uk A RE WL ER  FE AT, A
T8RRI P SR I, LAMP J7 2 £ X H i 5L
K6 ~8 PMXIFi%IT4 ~6 £&51W, B A R 1E1E

FRA S A RE IR Zh 1Y, X ARAIE T LAMP ¥ 19 %¢
S LAMP 5 0 43 & R IR, AN 75 2 B 5t
PCR A, 7EE IR /K 1 5 vh st ] A5 i 4 5 B v, ik
B 1 TR IR AR B A R[] A6 0 LS B 2 R B
PONRFTRE PRI, AH G 05 G0 1Y 45 B 37 | e o
Jr¥k (PCR Jr ¥k LAMP 1 BAT $#RAF 68 AR I 4
T ERP RS AR TSR A, Sl T
PRSI RN A S R

TPITIRH invA JER A IZZ8 0 H A, 5 40 K%
BEHR AT O (22888 (U U 1) I R X 2 4
MrR2E 7, 5 HBUR M DA | invA L R
FELSY H B AR R S0, W BT T IR GRS
MUFEIERE . 5340, BAR FimY , befD'™ 45 56 B AL %
FHTUDTT PG TR R 0 iy PR HLJ2: FimY & PR R
LAMP 3 A9 $8 55 5 B R fig A I 3 X v 1] A
( Salmonella bongori) , T LA FimY FEKANE FHF 1017
FC PR 1 BT A R ARSI ) AR BT invA JE
PR LAMP sl (4 B i 2 8 78 AR <7 IX 3t
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M Cl C2 21 24 25

40 B M2

500 bp

284 bp

M2 Cl1 C2 21 24 25 40 B M2

1000 bp

b

i: (a) PCRHIBEMILIK; (b) LAMP P=H5E e LTk ; (M) DNA marker; (M2) DLI000 DNA marker; ( C1)
RUITRE; (C2) ZHEIGFEDITRE; (21 ~40 5) WEIZSERES 21 ~40 55 (B) JCHHXTE,
B 5 PRISAERE AT LAMP A l2S
Note. (a) The gel electrophoresis results of PCR products. (b) The gel electrophoresis results of LAMP products.
(M) DL500 DNA marker. (M2) DLIO00 DNA marker. (C1) Salmonella enteritidis. (C2) Salmonella paratyphi
B. (No.21 -40) Tree shrew fecal samples No.21-No.40. (B) No template control.
Fig.5 The results of LAMP test of a part of the tree shrew stool samples
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GRLT AU (B R L B T8 A0 TR A R R 40 B S K
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JE PRl 22— e R VAN [ A Y S S A U 1) 2 i e
an Aok F T B AL R E B IR TS B R, I ELR AR
] H 2 RIS 5 TP TTIRE A, JRIHZ
TR TF AR O 0 R ARSI oY
Ry SEZBEARS RiV 1TEG B D A A I AR T S — o i
B MREE AR
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