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N SFRTIEREE RN RZ AR HLRNERKE

Zwm' AW#T RT% OBER K
(1. TRRFAEY HEFRER WL T 315211)
Q. WTABIRIPFEESI O W B 310051)

B . [8 8] HRNFERY WHARLAMP) S G AF XK ES(LFD)FEA L R, &5 —FH+T &
B FERKE RN e LAMP-LED # K., [Fi%] i@k ER KEZ 2R ERR H (ipaH)
A A AR FeATIR I 3 TG | (T L 5| 45 Sfl-ipaH-FIP & A 4 & A7i2), #4T LAMP &
By FIEFET 1 &R B K E (FITC)ARiL #9484t Sfl-ipaH-HP, 5 3k1F49 LAMP &= #3474 %
MR, X W% LFD mademl, [45 %) #4858 LAMP BE &4 % 63 °C 40 min, Azt LFD
£ R Al F 50 min, LAMP-LFD 77 ik e @45 F Ao i Ag KAER KHA, w0 KA FH
C 4 AP FHIIB R E AR INE F 5 A LR MIREE IR E , AR 4 ARRE K AT 694
R AN, i RATE KER K 094 R AL A 1.0x10° CFU/mL & 4 CFU/ERL, 4T3 AL
7 4289 b AR AR R BUE A 5.0x10° CFU/mL, A&rA LAMP 51314 Sfl-ipaH-F3/Sfl-ipaH-B3 #4
FHLPCR 7 k49 100 /5. [48]) #2469 LAMP-LFD K B A 484 ) 32 . APk 4 . A2 AR,
AAREALE, A EEET KA 697 PR Fo B B AR o AR BAE ) .

XEF: IWKA, BEERERAE HAR, INFFRYIGHEK, HaRzhRas, &

Visual detection of Shigella based on loop-mediated isothermal
amplification combined with a lateral flow dipstick

LI Shang-Yang' ZHOU Qian-Jin'~ ZHANG Yan-Jun®> PAN Jun-Hang® CHEN Jiong'

(1. Department of Biology and Marine Science, Ningbo University, Ningbo, Zhejiang 315211, China)
(2. Zhejiang Center for Disease Control and Prevention, Hangzhou, Zhejiang 310051, China)

Abstract: [Objective] To develop an LAMP-LFD method to detect rapidly Shigella spp., based on
nucleotide enrichment by a loop-mediated isothermal amplification (LAMP) and chromatographic
visualization by a lateral flow dipstick assay. [Methods] Three pairs of primers were designed based on
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conserved regions of the invasive plasmid antigen H (ipaH) gene of Shigella flexneri and used in
LAMP reaction, among which the forward inner primer Sfl-ipaH-FIP was biotinylated. Similarly, a
fluorescein isothiocyanate (FITC)-labeled probe Sfl-ipaH-HP was designed to specifically hybridize
with LAMP products. And the hybridized products were visually detected by LFD. [Results] The
LAMP-LFD method to detect Shigella spp. was developed. The optimized condition for LAMP
reaction was at 63 °C for 40 min; and plus visually detecting by LFD, it was approximately 50 min.
The LAMP-LFD method discriminated S. flexneri from another 4 pathogenic bacteria causing diarrhea
(Salmonella enteric, Campylobacter jejuni, Yersinia enterocolitica, and Vibrio cholera) and 5 common
food-borne pathogens (V. parahaemolyticus, V. vulnificus, Listeria monocytogenes, Staphylococcus
aureus, and V. alginolyticus), and 4 different Escherichia coli strains. The detection limit of
LAMP-LFD was 1.0x10> CFU/mL for Shigella pure cultures (equivalent to 4 CFU per reaction), which
was 100 times lower than that of the conventional PCR method wusing primers
Sfl-ipaH-F3/Sfl-ipaH-B3. In the case of artificially contaminated Common carp intestinal tissue, the
detection limit was 510> CFU/mL (equivalent to 20 CFU per reaction). [Conclusion] This rapid and
accurate LAMP-LFD method is a promising alternative in the routine surveillance and point-of-care
test of Shigella spp.

Keywords: Shigella, Invasive plasmid antigen H gene, Loop-mediated isothermal amplification,
Lateral flow dipstick assay, Detection

BB R — R 22 RV A, BT

XG53 B RIS S R B s M %Ok A

M ZFAE TR o IR EL s B AR e, FEEad AR
BRIENSG AN ZMEHE, tnT Rl A5 9L

EYEUKEG ., AN, FERREE, 51k
&E#%&h%,miﬁmﬁ@ﬁ,WEﬁ%%L

ARG, TR A SRR . PEHRiE, 4Bk
FIIRTE B E T, A 5% 15% 20 TEWIRE, i
Hr s ZLITF LA 2/3M 3P Wi R EEA 1T
() — IR W A R B, 1/3 AN T A A
At R BERSRGI 2 AR FC B DNAPL, R, ¢L
HERf S AR R, AU BB 45 R
mﬁ%ﬁﬁﬁﬁmﬁ,&%%%ﬁﬁ@%%M%
%1

5 B R I LSS i s o0 &, K
AL A E A ALRRAE 52 S 58 o %0 BRI o
W, S5AARE . IPHPERAL, 52 Hmn TR
IREREIN Y Rk —, EFRE, BB R A
FEHEE T B Z 2 ERRME GB4789.5-2012, K
WL, AHPATE 41.5 °C &4 N IR A 2315,
PRSI XLD il MAC PR F5 5L 55 T e

V%, WA NHITAN S . B, E5k
%%4@%ﬂﬁﬁﬁﬁﬁkﬁﬁﬁ®,$%%ﬁ,

BARAR I R R, B ARG, CmAGEE
VAN ERZ7 IR ISE A E] ialll oo b EP S v NS S|
BERVEFXT R, ELRTCTFERT I B, ©)
ZIHT 2R R . tean, e B MM
B QT ] 2 o BRIV A1) P R S 1 3 5 A I

o i R AR AR A SO A T TR A L, E‘H?ﬁﬁfh

Ik AR R IHAYE, NG & T B R EER
FEA IR ; A LR R, W T
D7 o MO TAX R AN 1) 73— A W)~ B PRH R A
R HEREREA, CHCAS IR =L
Wi E BT B, Hor, KT Bst DNA ARG
M FERY R (Loop-mediated isothermal
amplification, LAMP), FJ7FH—{RREE(61-65 °C) T
SEIETR AP R , FERIUAERT | AR ASE T
AR L PCR AHICH AR Tk vEse. Hit,
HIRE LK, 8 ARCAEME | iag, DAIRFER
S USRS TR HET, LAMP PR 4y
MrE T2 3 M (1) FIHBEIERERER vk,
BB R R G, WA K R, A28t EB 4%
ﬁﬁﬁﬂ'@)ﬂ%@ﬁ&%W&W@%mﬁ %
AR (3) HHIZOCYEL, il IR S
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A, B IENER B TE . LAMP-LFD A
LAMP = ¥ ¢ ## 1) 3 ) i 4C 5% (Lateral flow
dipstick, LFD) LBty =X 28, it AR B ]
AN SE A RHNMT , 1ZIT IR SE AR 1 AL
Wi, #HiF T EB SFATERN, 2R
MGIA, LR, T E ARG i Fd
{UAE LAMP J ) (566t E3EIN T 8-10 min, (&8 H
TR T N A S AR 4 AR G
ipaH FEIIRSFIX BT 6 2551 AT 1 45 SaimiR
HCEPRMCHIREE, RS, BTEd S —FE
R B IRE LAMP-LFD ik, MG R
PRI RN 2 W R A B AT 5 | EEERYHR
FB.

1 RPRHE

11w

1.1.1 K EHK: W ICGE R (Shigella flexneri
ATCC12022) . W UP 11 IR T (Salmonella enterica
ATCC50041)., 25525 th#T & (Campylobacter jejuni
ATCC33291) . /g 45 W % 8B IR % [C T (Yersinia
enterocolitica ATCC23715) . Rl % 1l 9K B& (Vibrio
parahaemolyticus ATCC33847) . Z /LI (V. cholera
CMCC4819) . KIa¥T1# (Escherichia coli ATCC9637 .
ATCC25922) T V148 95 ik T o 42 i) v 5 P DR A
FEOVES ;s BIYIINEE (V. vulnificus ATCC27562)1 H
H ] S AR R DR O s G A T R
(Listeria monocytogenes ATCC19115)F14: 8% (] %
BRI (Staphylococcus aureus ATCC6538) FH |~ R
LA YRR AP R L s WS BRI (V. alginolyticus
ATCC17749) Mg [ 3¢ [ B 7 O J8k o0 o K AT
DHS50 MK # BL21(DE3)I [ £2%[E Novagen 2y
A, TASE RS IRAEA. Hrh, RIS
B ATCC12022 FHTF LAMP ZAFA0AL A R EE
1.1.2 RFIANES: LB, BHI BRI, Jbntht
WrEARB A PR E]; TCBS BRI, Bl
HWHAFA PR/ ) ; Bst DNA -4 f, New England

BioLabs Inc., F:[H; Tag DNA B4&HF (5 U/ul),
TaKaRa Bio Inc., H7<; 100 bp Plus DNA Ladder,
Thermo Fisher Scientific Inc., 3EE; M REHH
DNA #2850 & (0 HEAD) GK1071, s
YITREARAT; shid2I L4 DNA $REGAF)
&, EEYTREROGE)ARAF; LFD K44,
Milenia GenLine Hybri Detect 7l & , Milenia Biotec
GmbH, fE[E; 7. W, WS R oA
BROSFE] . FLAVE IR KR DK-80, b IARKE 72 S it &
ABRAE; DYY-IHHGKAYL, JE i s—IX3s);
GelDoc-1T2 Imager £ 1% &4, UVP, %,
1.2 F&

1.2.1 {REIEFMEFE DNA B94&: HICER
KA. BRDITIRE . =HSMiArE . Masisr
HORBRIGHE . SR ns . e e akE, U
L5 RIGHF R TR BRI L2 LB 5 BHI [ AR 57
%E, 30 °C 5 37 °C ¥5FR)E, PRHUREEYE T LB 5
BHI WA 3 200 r/min $53% 3555 BRI
W55 K BRI A%RT T TCBS [EMARRE R,
28-30 °C H55% 12-24 h Ji7, PREUARYE ToEE A
oK s b R TR . AR 4] DNA 1Y
il g R AR & e i 3 T v B Y F R TR
1 mL # BB JE 20 DNA HEBGRF) B (25 O HE )
GK1071 B2 BRAEHUAN P LR 4 DNA %% 50 uL
(9 ddH,0 1, {3 LAMP FI PCR #4545 .

1.2.2  SI4F#RENIRIT: EHE NCBI AR
IR ipaH FERFH(E RS H M32063.1), JF51
FEXS oA e, 78 8 AN oA e BE LR AT I SRR IX B ise i
6 FFteRMSIY, WSS Sfl-ipaH-F3 HI
Sfl-ipaH-B3 ., 514 Sfl-ipaH-FIP il Sfl-ipaH-BIP
X549y Sfl-ipaH-LF il Sfl-ipaH-LB, fHT LAMP 4
Waje N, Hopb Sfl-ipaH-FIP 5%
Sfl-ipaH-F1c+Sfl-ipaH-F2 #4h%, Sfl-ipaH-BIP H 5|
¥y Sfl-ipaH-B1c+ Sfl-ipaH-B2 #4 5 (F 1), [FBFFES]
¥ Sfl-ipaH-F1 FI Sfl-ipaH-B1 FA 243 14 X By 15
1 54545 Sl-ipaH-HP, I T5 LAMP 4 174
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1 016 GATGTATCACAGATATGGCATGCTTTTGAACATGAAGAGCATGCCA
Sfl-ipaH-F3

1 062 ACACCTTTTCCGCGTTCCTTGACCGCCTTTCCGATACCGTCTCTGC
Sfl-ipaH-F2

1 108 ACGCAATACCTCCGGATTCCGTGAACAGGTCGCTGCATGGCTGGA

Sfl-ipaH-LFc

1153 AAAAQTgAQTQQQTQTQQQQAQDTTCGACAGCAGTCTTTM
Sfl-ipaH-F1 Sfl-ipaH-HP Sfl-ipaH-Blc

1 198 TGCTGCTGATGCCACTGAGAGCTGTGAGGACCGTGTCGCGCTCA
Sfl-ipaH-LB Sfl-ipaH-B2c

1 242 CATGGAACAATCTCCGGAAAACCCTCCTG!
Sfl-ipaH-B3c

1 287 AAGGCCTTTTCGATAATGATACC

1 EFBEKH ipaH EE LAMP-LFD 3|41F%IF0iRE
Wit REE

Figure 1 The design diagram for primers and DNA probe
targeting ipaH gene of Shigella flexneri ATCC12022 in
LAMP-LFD assay

TE: LAMP SIREFTHIS 4 & LED R BT R B P ST Rl £k
HTHEF R, Hof, Sfl-ipaH-Blc, Sfl-ipaH-B2c. Sfl-ipaH-B3c
Fl Sfl-ipaH-LFc 43 Jill /& 51 4 Sfl-ipaH-B1 . Sfl-ipaH-B2 .
Sfl-ipaH-B3 #l Sfl-ipaH-LF Ay H.NF51).

Note:  Sfl-ipaH-Blc,  Sfl-ipaH-B2¢,  Sfl-ipaH-B3c, and
Sfl-ipaH-LFc represented the reverse complement sequence of
Sfl-ipaH-B1, Sfl-ipaH-B2, Sfl-ipaH-B3, and Sfl-ipaH-LF
respectively.

AR sc (R 1, B 1) Hor, AR bR
W51 Sfl-ipaH-FIP (1 5m(% 1), AHTHEDR
FRICH LAMP § 385 1 5 fff S5 SR DO FEbrid
TERRED Sfl-ipaH-HP 19 5%, FHTSEMFERICH

LAMP § 7 R 2228, A58 W) AT E LFD
WAL L E R, Fiok, KHhE14 Sfl-ipaH-F3
il Sfl-ipaH-B3 tL{EN PCR ¥ #¥8 A4 F S 14, ¥~
HHTUH BRIV 242 bp.

1.2.3 LAMP K57 ZHRI 1L LAMP: 9311 [
{RZZ% Ding 7L, 25 pL KR i B 445 .
KCI 10 mmol/L, MgS0O46.5 mmol/L, (NH4),SO,
10 mmol/L, Tris-HCI 20 mmol/L (pH 8.8), dNTPs
1.4 mmol/L, Triton X-100 0.1%, FHZZH8 1.6 mol/L,
4514 Sfl-ipaH-F3 F1 Sfl-ipaH-B3 4% 0.2 umol/L,
N5 Sfl-ipaH-FIP F1 Sfl-ipaH-BIP 4% 1.6 pmol/L,
1519 Sfl-ipaH-LF Fl Sfl-ipaH-LB 4% 0.4 pmol/L,
Bst DNA AT 8 U, EHCH LKL DNA 2 uL,
BFHAE X B AT AT DNA

PEECGE B RS SE 12 h (IURE9RY), P05

PEHBOT S T TR 2 1.0x10° CFU/mL, Ktk
FERE AR IR . [ TCR AR LB Bi R if i

AR TIESE 10 Rk EERERERRE , 345 1.0x107
1.0x10°, 1.0x10°, 1.0x10*. 1.0x10°. 1.0x10> FI
1.0x10" CFU/mL % 7 MR, % 1.2.1 fid
(743 SR IBCH L [H 21 DNA o 3 R A AR vk 15
(FH24TF 1.0x10* CFU/mL), 439I7E 61, 63 F1 65 °C

F1 REFESHEER ipaH EE F5)1%7TH LAMP-LFD 43 5|4 5 51 F0#REt

Table 1 The primers and DNA probe targeting ipaH gene of Shigella flexneri ATCC12022 used in LAMP-LFD assay

519 FA K Fr3)
Primer Type Size (bp) Primer sequence (5'—3")

Sfl-ipaH-F3 AL 18 TGAAGAGCATGCCAACAC

Sfl-ipaH-B3 TSNS 4 19 CTTCTGATGCCTGATGGAC

Sfl-ipaH-FIP* |37 N5 | ¥ (Sfl-ipaH-F1c-+tttt+ 40 CTCCGCAGAGGCACTGAGttttCTCTGCACGCAATACCTC
Sfl-ipaH-F2)

Sfl-ipaH-BIP  [yiFN 514 (Sfl-ipaH-B 1 c+ttt+ 41 CGCTGTTGCTGCTGATGCttttAGATTGTTCCATGTGAGCG
Sfl-ipaH-B2)

Sfl-ipaH-LF iRZ2EE) 18 GCGACCTGTTCACGGAAT

Sfl-ipaH-LB TS 4 19 CACTGAGAGCTGTGAGGAC

Sfl-ipaH-HP®*  Zess45%t 20 CTTCGACAGCAGTCTTTCGC

Tt WS|4 Sfl-ipaH-FIP (¥ SSHEA 7 AE M ZRARIC; °: Sfl-ipaH-HP () S'SiHE4 7 561 BURRYSO L ZARIC.
Note: : Forward inner primer (Sfl-ipaH-FIP) was biotiny lated; °: DNA probe (Sfl-ipaH-HP) was labled by fluorescein.
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ZAFFIRT 60 min, FPHIZE 1.5% A0 B AR HHEE I B ik
R, BRI EE T AT 3 N SEF 41 DNA FEf,
i LAMP MYEAEROVIRE . i LAMP )i
A A S I (), B4R 2 AR P88 ) TR VAL (S P A e
JEFY T 1.0x10% CFU/mL, 3R b i AR Y T
1.0x10* CFU/mL)#FE 20 DNA VE MM, 7EffiE
Ui AR SOV IR BE B A HIEE 0. 10, 15, 20, 25,
30, 40 A1 50 min, FEHIZ 1.5%A0 BN HEEE I H 1k
ioaill8

124 #HEFRHMLKZOLFD)EN LAMP =4
(LAMP-LFD): i &£ W Eric N5 Y
Sfl-ipaH-FIP 7E {L Ak 19 Js2 Nz Bsf (8] 0 3 B2 T i 47
LAMP B 5 RVASHE , ) SO A 20 pmol
48 FITC bRic A% Sfl-ipaH-HP, 4kZ:7EAA R IR
JE R 2422 5 min, 80 °C #& 7 10 min £ 1k . B
5 uL SRIMAZ] 100 uL #0 Buffer HHiR2), ¥
LFD 48 5% B it 3 E¥= A Buffer I, FHE
3-5 min, WHRFIMIEER ., EWEIRCH LAMP /™~
Y5 Sfl-ipaH-HP #5428 G I IE B =456
Y RPRICHUARRIRNZE b, i) 5 52
Pk RZALH) FITC FRic ERET S5 IR S hric i L
FITC $iMIE A& AR G G Y 28 kil 2 i
TR L

125 LAMP-LFD W4 S M X : M T
LAMP-LFD 45 5P 5256 9 40 A Fh A B4 55 4 Fhi
DRSO R A (M R YD TG . 25 s s
NG R IR ARG . FERLINE), 5 M WY&
PS5 D B (R I | B 5 R | PR 2T A B
SHOMAERE, HHONE), L 4 FORFR K
FE TR TR B o K 45 TR Rk 190 5 i 3% 5% ) ) 3 vk B =
1.0x10° CFU/mL, #% 1.2.1 Frid#2 3L 4] DNA 1EH
BAR R P B I 38 8 R 52 g Bsf [T #E 4 T4 A= 40
FARCH) LAMP B, P53 BRI 1.5%0 8805
WEEEIE FL UK A LED 34855460

1.2.6 LAMP-LFD BYRSESKH: /0l 1.2.3 f
AR 1) AN [ 7 o e 5 1) 5 0 AT I VAR B ) S PR 4L
DNA 2 pL AR, BREEPATHIA 3 AR .

LA RO S5 EA T A R bRid i) LAMP
FE, T8 B 1.5% A0 B AR BEEE I B Ykl LFD
IRYRRAT

[FIRE, B RSB AL 41 DNA AR,
VIS5 Sfl-ipaH-F3 #1 Sfl-ipaH-B3 {E 5[4y, #t
1T PCR J )i . PCR Wi 1A (25 pL): 10xPCR buffer
2.5 uL, Tag DNA R4A§(S U/uL) 0.15 pL, dNTPs
(2.5 mmol/L) 2 puL, Sfl-ipaH-F3 (10 umol/L) 1 pL,
Sfl-ipaH-B3 (10 umol/L) 1 pL, H:[F 40 DNA #it
2 uL, PCR JZJVFEFE: 94 °C 3 min; 94 °C 45 s,
54°C45s, 72°C30s, 30 MEH; 72 °C 10 min,
SN =R 1.5 %Bh i AR e e kARG
1.2.7 LAMP-LFD ®E S MW : B 1 mL
firf 35 3% 0 A B TG TR B, TR R R &
1.0x10° CFU/mL, #E£E 10 175 ¥ B JE B2
LAMP-LFD #rill ARV L, ATl 45 3 M .
Pz 1.2.1 iR LN 4] DNA, FHLAUC AR, R
FAUEARRY LAMP [ BAR R BEATH 1, ik 7k iy m]
HEME,
12.8 ERKREALTHEEEEFLITI N HEH
ARHIREN: TCRH AR T a7 il , eI N A
WatEg Y B IR MR, Mz d s
BT . B 1 mL R AR B S L, T
BOFJER B 2 1.0x10° CFU/mL, 10 {53k A
RIS, YR 1.0x10°%, 1.0x10°, 1.0x10*, 1.0x10°,
1.0x10% 1 1.0x10" CFU/mL 45 6 /¢ J3& 1) I WL 4%
| mL 55 i ] 25 R SRR S o VR T
745 3 RER . BU1 mL 4B TS i a4 503
W, RIS ZUIER A DNA $BGAF] SR BOL
SEAIZH DNA, ##T 50 pL 1Y ddH,0 , JHfE
LAMP-LFD Fl PCR s A i £ 1) i 2
UL ZH DNA IR PEXTIE

T TR %5 4 R AL LA &
0.5-1.0 kg fofififa 24 J2, SCBGZE TOR A1 T REME
fafpiEh B, HIERAAY), SREMN TIEE
K6 ATV bRifE GB4789.5-2012 77 B AT 40 4 43
BN FIMBUEREME TG B, FRBOEHEA
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DNA, X LAMP-LFD #11 PCR J7 47461 A 61°C 63°C 65°C
bp M_NC_10° NC_10° NC_10*(CFU/mL)

2 HR54H
2.1 LAMP ¥ #E&ERIHE

SRR, DRI YL 4] DNA M5t
W, B3R 3 AMEET R LAMP P ¥y 68 i B b
S I P VR 28 B S R Ay, Ho B —3k; B
W1, 63 °C A4 T AT Wty JE B I ubr . BHAE
S T b S B S L IR B S 1 7 R I A
M, P, %8 63 °C fE2 LAMP U 1) feids
FE(E 2A) o AT DNA R S04 H AAG I 5]
BH S BRI AT (8] 2A)

LAMP S B [ SRR SEge 25 R, 7 —a2
B TIP, LAMP 207 (8 77 49 2 G RE [i) f) 22K s
HH 82302 DNA REERZm . Y0l sk
JEIHEN 4 DNA BRI, LAMP F23% 15 min BJ
ARSI F W S A BRI A5 5 SO I AT SE %2 30 min
Bf, Zise kB, MERKRE, e LT
ANFHEIN(E 2B), SRR W AIRET, LAMP [0
% 20 min WA BEAS A RIS BRIE 457t , (KR
IS TA] 28 40 min I, ) EE A B i R (] 2B). IR,
AAHFEH LAMP 9 5 A5 SO0 IS ) 22 2 40 min, DA
B ORAE SRR AR I R v, SRk F AR F R
IR ATY T R0k H (B 2€).
2.2 LAMP-LFD 4351

AV EICH NG Sfl-ipaH-FIP #E17
LAMP I, B S RIALE 9 63 °C iR E 40 min,
PR G AL 4] DNA AR, LAMP 7~
WY 2 B N W R JC FL U S T AR A B 7R (¥ B O ety (IR
3A); % LAMP 7°#) 541 Sfl-ipaH-HP 2438, 4458
FEYIFE LFD AU R NS AV A 1l — 5 R 1Y)
2%ty , ULHARGIN 2 BH (R 3B)o 12443 B LA R VD
ITICH . 2SS AP eE . /NS I 2 BSR ARG
RIVE AN | B RLIGE | BN | B A= R |
S OEEERE . WEINE, UK 4 BRARFE R
FFEEE R ZH DNA SHBARET, LAMP =5[]
PE(K 3A); 5354 Sfl-ipaH-HP Y238~ #)7E LFD

| T

B NC 108 (CFU/mL)
M 60 0 10 15 20 25 50 (min)

¢ NC 104 (CFU/mL)
bp 60 0 10 15 3040 50 (min)

3 000

1 000
500

100

2 LAMP TR & HRIRL

Figure 2 The optimization of LAMP for detection of
Shigella

#: M: 100 bp Plus DNA ladder; NC: LIJCE 2555 F7K Jimg
SRR IE] A 60 min; A: LAMP JW B A9y 10%: bk
BEZ1 1.0x10° CFU/mL, JUSHFEY 60 min; B, C: JZMiHE
R, B: BHKEEL N 1.0x10° CFU/ML, C: HARMKEEZY
4 1.0x10* CFU/mL.

Note: M: 100 bp Plus DNA ladder; NC: Amplification using
ddH,O as negative control for 60 min; A: Determination of the
optimal temperature; 10*: Amplification using DNA of S. flexneri
ATCC12022 (1.0x10* CFU/mL) for 60 min; B, C: Determination

of the optimal time, template used in the LAMP assay was
1.0x10® CFU/mL (B) and 1.0x10* CFU/mL (C).
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A A
bp M 1 2 3 4 5 6 7 8 9 10 11 bp M 1 2 3 4 5 6 1

B
gk

Control line

LRl

Test line

E 3 LAMP (A)#1 LAMP-LFD (B)$§ 514917 Cﬁfﬁm
Figure 3 Specificity test of LAMP-LFD (A) and LAMP (B)

for detection of Shigella Kz
e A BIEBREE K B: LFD. M: 100 bp Plus DNA ladder; Test line
1: DIJCW & 8K it ; 2: ﬁﬁf&ﬁ]%%léﬂ DNA Wy

Btz 3-11: UG RIPTTIRE BMFE . NHE

RHBRARICE . B MLITE | EELEJLK%T LEULPT NE I B e
R SMEMERRE, DURIR BN YRR 4 DNA AR ;
12-15: 735ILL 4 AR BRI FT R PO ZE R 41 DNA SRt
Note: A: Detectionby gel electrophoresis; B: Detectionby LFD. M:
100 bp Plus DNA ladder; 1: Amplification using ddH,O as negative
control. 2: Amplification using DNA of S. flexneri ATCC12022
(1.0x10* CFU/mL); 3—11: gDNA of different pathogens used as
templates in the LAMP assay was S. enterica ATCC50041, C.
Jjejuni  ATCC33291, Y. enterocolitica ~ ATCC23715, V.
parahaemolyticus ATCC33847, V. cholera CMCC4819, V.
vulnificus ATCC27562, L. monocytogenes ATCC19115, S. aureus
ATCC6538, and V. alginolyticus ATCC17749 (each bacterium:
1x10° CFU/mL), respectively; 12—15: gDNA of four strains of E.
coli used as templates was E. coli ATCC9637, E. coli ATCC25922,
E. coli DH5q, and E. coli DE3 (each bacterium: 1x10° CFU/mL),
respectively.

E4 LAMP (A). LAMP-LFD (B)f1 PCR (C)/73£89R

TRYCS L AR LR A B oA S BT AR 457, A 2 B HE

) N N Figure 4 Sensitivity of LAMP (A), LAMP-LFD (B) and
PE(E 3B). KITCIN KB TR NBMUS, LAMP B bR () for detection of Shigella

2 BAHE(E 3), E: A B #‘B‘ééﬂscﬁﬁzkmm LAMP f)i =45 B: LFD K&

i 100 bp Plus DNA ladder; 1: Uﬂﬁ%éﬁ%?*f’ﬁﬁﬁﬁ; 2-7:
I 2C (R AT, é'u 1.0<10° CFU/mL 4 TR IR R R (1.0%10°, 1.0%10°, 1.0x10%, 1.0x10°, 1.0x10%,

(M2 DNA Sty , LAMP SR 25 min BATHAAR. ) 0u10! CrumbL)msi s BG4 DNA f4BEH.

IRIFPHMEY 1, REUELREN, ML 1.0x 10° . Note: A: LAMP products detected by gel electrophoresis; B:
LAMP products detected by LFD; C: PCR products detected by gel

5 4 3 2 3
1.0x10°, 1.0x10", 1.0x10" Al 1.0x10° CFU/mL #<J& electrophoresis. M: 100 bp Plus DNA ladder; 1: Amplification

AR TG 2L K4 DNA jﬂ*;'i'ﬁﬁj‘ LAMP 7= using ddH,O as negative control; 2—7: The different gDNA
concentration of S. flexneri ATCC12022 used as the template in the

fﬁ': ﬁ{ﬁﬁﬁc %{](}:T%* 5 J}Hlﬂ E’J*%ﬁ}%'ﬁ?(lg 4A), LAMP and PCR assays.
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LAMP P2 5454 Sfl-ipaH-HP (2458 P 435 nl 78
LFD (AR R 6 107 A R — ST T 450, 1
BRI 2 BHPE (B 4B) 5 T 240Ks R VR R A SR PR AR
1.0x10" CFU/mL i}, BiBEHHER I L 3k A 225 SR S B 1
(1 4A); 54545 Sfl-ipaH-HP 2432 )5 17217 LFD
TRACS RGN 7 B A S BUATAT] 45705 (1] 4B); KB
2% LFD A SRR A 4 1.0%10° CFU/mL B¢
4 CFU/SZI, 1 FHBaO R WA BRE A Fh DK AT ARSI 381 Py e 1
BHTHE B [RIRE N 1.0x10% CFU/mL ., 241 Sfl-ipaH-F3
F1 Sfl-ipaH-B3 "5 91 PCR J7 i REAEASH I 2] 1)
TRBHR R N 1.0x10° CFU/mL 8 400 CFU//Z;
(I 40),
2.4 LAMP-LFD EE45 4

FHTRESE 3 AR PO B e e B, TR
JHEEZ 1.0x10° CFU/mL, LI 4] DNA AR,
FARACI SR R AE 63 °C iR A 40 min, £ K W],
2 DL ARAS AR AR I B 1 75 B ER TR () 3 41 DNA
AR, LAMP 7= 28 B A dee e LUk Fl LFD
DU, 25 SR8 2 BR8] S) 5 LAJCIA 2K B Tk R BEAR T
A SN, BA RIFWERIEWE S),
2.5 LAMP-LFD #NERKEALISEEEELR
LR YUE RIER S

AN TR) e 3 ) 7 B I A A A FRL T e fii £ 2] 41
KP, LAMP-LFD u] )\ 1.0x10° CFU/mL 75 4%
filft 1 fizg 2 200 R R B R, A I R
5x10° CFU/mL 5 20 CFU/[ZJ¥% ., PCR J5%E HAEM
1.0x10° CFU/mL 75 4 sl #4120 40 s e 1 59
JI(F 2)o LAMP-LFD X} A T V5 YL [G I 1Y
i i L Z ORI EE RN PR (R 2), RSk R AT

TR AT b A o 325 Xk B MR £ 5 5 i 4 200 5
AOLR A BEAT S5 e R IR, 24 RBER RS R 2 A
RN YA S CA . I LAMP-LFD J7 A
18 T7 10 5 B A i B8 R ARG 81 AR 8 [T
XFHAY 22 ARSI BT, PCR 7 ikfigg %
Ge 7 SE AT 1 AR TR B RSB R, X
oA 23 MFEFRI 2 BIMEGE 2).

11 (I

it

Control line

LRl

Test line

5 LAMP (A)#1 LAMP-LFD (B)BYE & 14X 16
Figure S Reproducibility of LAMP-LFD for detection of
Shigella

TE: A BUIRBHEE VKA LAMP SN ™=#); B: LFD 6l
LAMP /4. M: 100 bp Plus DNA ladder; 1. 3. 5: LICHE
BT 2. 4. 6. IfRKIIHREE(1.0x10° CFU/mL)HY
ARG T VR SR U D 2 DNA 1 A

Note: A: LAMP products detected by gel electrophoresis; B:
LAMP products detected by LFD; M: 100 bp Plus DNA ladder; 1,

3, 5: Taking ddH,O as the template; 2, 4, 6: Taking gDNA of S.
flexneri ATCC12022 of 1.0x10* CFU/mL as the template.

3 Wig

ER RS R B IR TS i B R . TR
BRI R E KA 170 07, FAEBEIAIT AL
235 20 J7PM AR G IR R T | R TR I 4 T R R
SR EEEAIRE, Qiu %Xt 2003-2013 4F
(AR TS B RN B 2 912 #REH IR &
P, ARCERRE L ERT 55.3%", Wik, A6
TR VAR QBB R 1Y ipaH FERAE A TR,
7 T . REY LAMP-LED ik, NiZKIR
DA RS BRI T —Fh AT Sk

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



1624

A% B4R Microbiol. China

2016, Vol.43, No.7

*2 EERREALSE

R R 8 £ 7 28 27 LA K 68 6 BF S SR RYAR I 45

Table 2 Detection of Shigella from the intestinal tissue of artificially contaminated common carp and field samples

15 PSP R I AL 49T B IRk E

Concentration of S. flexneri for contaminated carp

£ P A e i

AT ML A 2 2 Carp field samples (24)

Method intestinal tissue (CFU/mL) Carp intestinal tissue without
1.0x10°  1.0x10*  1.0x10°  1.0x10°  1.0x10' S lemertiree (CEUmD) FBE. EH@
Positvie  Negative

T

+ + + - - -
LAMP-LFD + 4 + — — — 2 22

+ + + - - -

+ _ _ _ _ _
PCR 4 4 - = = = 1 23

Ve o+ B - I
Note: +: Positive; —: Negative.

FREM) LAMP SR 2RISR e B4
ANERERY T BT, Bst DNA BABHE 60-65 °C T

W HA AN TAERCE, WG WA & AR5

XoJ 45 Tl A DN R A B 7 X LA 1 T AR IR i — 2D A
1k, A IS BT LAMP (14 54 50 i 3 4 7
6365 °C'*7 PItk, ABFSEHESMTT 61, 63 Hl
65 °C 3 MEJE 151 63 °C 5T LAMP W HA
AR HEROR L2 LAMP AL FHE ST
R4 AR ) B AR, TR LAMP 738 50 n] 7E
1 h SERL; A EINERG |9 3R] B B 40 fei b s ] )
AWFFERMA, WINPT, Yl R s
e BERF , LAMP W 15 min B ] 58 1o BRSRHEE
P RO U 81 B TR (R BRI 2%t s RV v B IR 2
1.0x10* CFU/mL, LAMP {/5A] £ 25 min Z N84
A, OV 40 min B BRI AT SRAS =W (] 2).

TR R I WA TR A I A B AR i 1) R A
RIEF5. Villalobo FI Torres 7E 1998 4RI A7
FMEEHE T A (vird)JEF R HAR S T e
PRI % B 1 PCR J7 3k, REUEIXREIT 100-
1 000 CFU/mL. Lindsay %Lk ipaH JEFEAE A
FREESAE B PCR FAR AR5 vy 2 (A

At PR B ARG, AT B EE 1.4x10* A4
FE R DL B o] A SO E T i B R A A Ta’ﬁ‘s
PN Peng 25 5ET 16S rRNA (13 5 1145 64

R ARSI ST T e ik PCR A, EJUJJ
JSE P TF R85 K v R B R T 11 4 s Ay el R
A% 5 CFU/20 uL, £ PCR FIARYE G EH
TR TR P 1) B 15 3800 T B8 95 388005 T g e T v
WS T —RE M o L A5 T T g g B ok
SETEEREBLIREE L VDT QR 4 o (i A R T 1Y
ZHEHOGE R PCR R, BT E M WLETR
P 00 B A AS I, AT X R B I B G R A A 3
6.8 CFU/g; i van Lint 258457 i 2 PCR A
AL QRS 5 R A SO TS I b i s
W, FrP e A R R U 85 61 CFU/mL.
LAMP J5 590 BAT [ PCR B R )
Song ZEPMR Ak LAMP AR R T35 58 FG B B b
SR, FRARAG IR & 8 CFU/RUN ., Shao 2521
ipaH FEFRRNFEAR, B LAMP AR 5[ A
BRKEZEME LKA N A ®RFLP) #1377
mLAMP-RFLP £iAR, LT3l [ E v
I TERTA A , il R AR R 21 100 fg YA 5L A
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20 DNA, Liew 252204 LAMP J7 iy ] T4E 384555
SRR QTR I DA BG4 A SRE S i 20 DTS
YR AMIET 3.6x10% CFU/g i, FIAZ AR fa e
K, AWFEESI ) LAMP-LED 7, X575
PR B 20 % 3540 1 A6 I SR A% 9 1.0%10% CFU/mL 5§,
4 CFU/J i ; M%7 Be % 15 e 0 B 3k 5|
5x10* CFU/mL [ e fiz 27 2 e M) 29 7 e
WRIFELE, HA R RBUE

PRAEEEE | A PREUR AT IE R Y L — %
HR. R4 LAMP BRI E— B2 R KA Kb AR
T YGRS TS 5 SR AR, Lk PCR AR
PR H AR LA BB AR, (ALY 1 2R
T, ABFEAES PCR 7=y RSl A By Bty , 2 7 51
BE AR RGBS R 7%, DA ) BT H3
FRAER2) A 8 W SR T R R B T AR
R 2 vk B S A R BE M R e )
LAMP-LFD i ARFIH LFD R840 7=k,
SELARF TR IR IR R, SENAF A L2
A RPESE AN 5 7 HL A TR HERET T I, AR R
PR IR R Y S DR IRPAME IS, Bl
R g AT SEdE . AR IIFERT )1, Song 45
P ipaH SEPFCHRAMEEFRRTHE T, HFRGIAR
19, B 57 4o i B IR AR I H Tk A T A
W, HEAFERFT 2 h; 1 Shao ZE2H (1) mLAMP-
RFLP $R, T2 i BRI I DI B3 =)
HEAT WA, PR ORE B K A I 5 A ST 1
LAMP-LFD £, #RA H4AUH 40 min, fil I LFD
W 2E R AT ] H 7T 50 min.
4 Ghip

AT AR Y ipaH FED AR
3L 1 LAMP-LFD J7ik. %0716 AR oA 7
PR, I HEA PRI 50 min
BRI SE L) 2 B X 4 A 25 3 0 e e ) 28
5% 1.0x10> CFU/mL 8%, 4 CFU/ )W) 8 58 M BLI-
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