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Bl B+ 5 PCR A& 75 ik foff ool 77 ikt pb, AT R it otr. (BRI SHIERNKARER
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Loop-mediated isothermal amplification-based rapid
detection for Shigella dysenteriae in food samples
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Abstract: [Objective] To study and optimize loop-mediated isothermal amplification method for
rapid detection of Shigella that can cause infectious diarrhea in conventional food consumption.
[Methods] High conservative and specific target gene sequence of Shigella gene was aligned and
obtained from NCBI (National Center for Biotechnology Information) database. Three pairs of
corresponding LAMP primers were designed, synthesized and used to establish the LAMP-based
visualized detection method. The detection result of practical samples by using LAMP-based
detection method was compared with those obtained by conventional methods for statistical analysis.
[Results] All 5 strains of Shigella standard strain samples were detected positive and 11 strains of
non-Shigella standard samples were detected negative, which showed no cross reaction. The
minimum test limit is 16 CFU per test or 3.2x107 CFU/mL, and by comparison, the sensitivity of
LAMP detection was 10 times higher than PCR detection. All 161 sets of samples were detected by
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LAMP, and the results showed high consistency with conventional detection method. [Conclusion]
The LAMP-based detection method is featured with advantages in convenience, rapidity and high
reliability, which makes it applicable to meet the requirements of rapid detection for Shigella in

different types of food samples.

Keywords: Loop-mediated isothermal amplification, Shigella, Rapid detection

B K E (Shigella)y A REREHE=KAM
B, EIHECEE B R E SRR
", Bl HBIARTE . SHKEMED.

BRNE HEAVKGRILRENA AEE

ERERE, B, RERRREREERE. AEF
WE , AENZBYHILEERGHERE, RITK
FER, BREAKRZRT 69 A, TBENERE
HERSERBESENRYAMY , BEFRARE
B, BRXEERR. BRI, 2HEBFE 16482
ABBR  FEUABESE 1107, MBEHAEERN
HRRERRELSHBRERKES. flexneri) MR K&
TWEHE(S. sonne)5liE , AT H#ig &, DAEZMH
EREFRE EmZTISHKEBTRBERNK. I
BEREEABRNEERE AEERKEREMREZS
FENERBNNKY  BYHMARE, H#H
NERRKBRN A EZEFTEEE L,
HHERYTZSHERKERBRERZE £
EORXAEEEFRELRREMEY I BELE.
EAZEEURBHCEESE). BIIBRIN
REBRARURKBYT #PCRFEARZES , BiXxLE
FERIHRNBBK, BESZR, KEXS, 7t
BHURKRHBEREERE AN SERT BRAR
(Loop-mediated isothermal amplification , LAMP)2&
E Notomi &' F 2000 FF K K —FhF R B4
AFERY BER, ZRRFNARSEHRINNER
BEEBIREMM BstDNA REW , EEBRHTE
SIMIRA SERE S HBTHEERY 8RN , ¥ 8
HEFET 1 h, RATETRNNR , BXEE
AUERTHEY , HERYER, RBE, BRE. N
SEEURNARAFZAETHMES FRMNGE, 4

Bl , LAMP HARKER A FRIRMEBHEER NS
HORFZS | tN# M K B7 #T & (Escherichia coli)!'?, 8%
S0 f 18 4 2= Hi 4% FC B (Listeria monocytogenes), &l
A& (Vibrio parahaemolyticus)!', 2R IRE
(Enterococcus faecalis)'”!, 7] K& (Salmonella)'®
% P tEERKEAXARNFE R
BERYD , BEXGRMAPMHRERE. &R
BURKEXFHERBRIESFE) TRk, £F
b, BIARBILTET LAMP HEARANERKE
RFERN 5%, RAGEZEENEBETH X
MM E R ATMALFNR H AT SEBREE Ml
B RNBRE
1 MR5TE%
1.1 Bk RIS RE

BMIR AR - MRS KE(S. dysenteriae)
CMCC(B) 51105 , {8 A% KE(S. flexneri) CMCC
(B) 51572 , RN EKEBEKBE(S. sonnei) CMCC(B)
51592 , fBEE K&E(S. flexneri) ATCC 12022 , i
KA EKHE(S. boydii) ATCC 9207 , BlIFAMMINE
(V. parahaemolyticus) ATCC 17802 , € BB &K
B (Staphylococcus aureus) ATCC 6538 iz H It K
B #F& 0157:H7 (E. coli O157:H7) NTCT 12900 ,
R Ui % #F B8 (Enterobacter sakazakii) ATCC 29544 |
14 R % B & (Pseudomonas aeruginosa) CMCC(B)
10104 , HEZFHFFE (Bacillus subtilisy CMCC(B)
63303 , fAEDITTEE(S. typhi) CMCC(B) 50098 ,
FRFIRE(E. faecalis) ATCC 33186 , =RBITE
(Enterobacter aerogenes) ATCC 13048 , B 1% 41 iz 18
4 ZH7 4% & (L. monocytogene) CMCC(B) 54002 ,
fit #¢ 5% Bk B8l (Streptococcus  pneumoniae) CMCC(B)
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31001 , A RFIMEDREFRL AR,
Tris-base. KCl. (NHy),SOs. MgSO47H0.
MgCl, BSEEZE, MEWH. T-KEWREH , /-
MALZRFIT ; Bst DNA polymerase , NEB 2 F] ;
Taq DNA polymerase, 10xPCR buffer, dNTPs LA
ERNETSY  ETEYIRLBRBERL
A, WEAPEANZEFENEE RN ™ mUER
KEEENZD. ZRYI(MAC)IRIE. KFEBIERA
FAEI L (XLD)ERAE. =HER(TSHERRE. EFRIERIE
RE, GEREREFE, RERE., p-¥IAEEHR
ERE SEREEBREEFRE, ARKITER
HhIRfE, SR KB WIS, LB ERA
RRYHMEYR AR ARM,

HARmMERRE T MNEX 10 MEHE ,

SREASAHE R, KR, AERAREFEME
4K 150 BREMER , BEAISEER 11 47,
1.2 EEUEH

Shock Mixer-1 B S RIRZHE R EE.

HKP-9172A BUE;RHEF 56, WBK-4B K A1ERF |
IR HEYRFE AR T ;ABI-9700 PCR 1% ,

XE ABI 08 ; 3K15 BEASEEO , #E
Sigma A7 ; DYY-6B 2 EFRIRE KM , k=™
N—AYEF] ; Easy Spiral BIEREEMMN , ZE
Interscience 22 F]o

1.3 FEFE

1.3.1 LAMP %A ZRAIESL: M NCBI (National
Center for Biotechnology Information)%% & & /1%
ERESHEKERRENEREFINIRE H EF
(ipaH)!"™FE3  BEZEFIILX  EBHES
ERFXFS , RELRITEMH Primer Explorer
V4 (http://primerexplorer.jp/e/index.html) & BX & B
RIFXFINZSAFREMULK[IRITE 3 X LAMP 3]
¥, ‘S¥ESNE|4 F3/B3. M5|#) FIP/BIP AR IR 5|
¥ LF/LB , E&iRITAENE PCR &K 5|I4X

PF/PR , EEFFINEK 1. RIARREFEGZE , H
BREEXFEARAETXRRITTRREZ(SE
FLERE., MHEBRE. Bst DNA polymerase
WRE. dANTPs JRE. 5% B3/F3 5 FIP/BIP KYFL
b, RREGRE KRR B AR B E (mE e
FREMERERN 0. 1. 3. 4, 5, 6, 7, 8,

10 mmol/L) , B FMH#IT LAMP R RN |, FREX
RVUFMENSRERMNGER , HPEAMNRNAS E
B 2 RBBARR 1 mol/L EALE. 20 mol/L
W, 1 mol/L BREREZ. 2 mol/L BREREE. 10%Hh
$I3E X-100, 500 mmol/L FALERF 2 mol/L Tris-HCl
B2 E 18 %)), Bst DNA polymerase (8 U/uL), dNTPs
(10 mmol/L), 3 X 5|¥IBEYI(FIP/BIP 1.6 pmol/L ,
FL/BL 0.8 pmol/L , F3/B3 0.2 umol/L), &K,

B 4 K BA R 46 MU & DNA,

1.3.2 Zi DNA EIRAHIE: POEBERMSEERRE
PP DNA iR $% , HPEERRENER
WEHEFRY , SRECEIRBEERTT 50 uL R ,
FORIZFFE 99 °C KA 15 min , 12 000 r/min B

@ 10 min fFEREE , DN BRF AR DNA ¥ m
—40°C RFER ; XREXEXERPBOI25¢ET
225 mL FH KEEEAD , BIE GB/T4789.5-2012
(ARMEYERBER KERE) PI#ITHEE ,
BUEER | mL E 1.5 mL TEEOE S , 6 000 r/min
BO5 min, HALEE , MO 30 pL HEE |, FEL
Fz1 ESIMRERFS

Table 1 Sequences of the primers for LAMP and PCR

Primer name Sequence (5'—3") Size (bp)
LAMP F3 ACTCTCCCAGTGTGCTTTGAT 21
B3 CTTTTCGTGAAAAATTGAAA 20
FIP TCCGCGACACGTTCCCTCTATTG 38
TCAGTACGCTTCGCC
BIP TGCCGATTTGAAGGCCGGTACA 39
CCGTGGTCCGTTCTGAA
LF TGGCATGCTTTGAACAGATAA 21
LB TATTGAGTTCGTTCTAATCAACT 23
PCR PF AACATTACCCGACTTACCGG 20
PR CACTCGCGCTGTGCCAGGAG 20
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B AR DNA BRI ; ADSRERIH
DEEPHNRASARS G, AFmUAREREER ,
3K 1140, RERALEEENTREKERY ,
BHHW25g BT 225 mL ERKEBERFHITE
¥, EEREHRKE CMCC(B) 51572 ¥rAERRRE
HIEFY  RESERRER K L2XTEEEH KR
. BB, i, REURE N 3.6x10° CFU/mL B
BRE®E, mL 11 HEERZPRMA 1 mL , B
g, HAEEZEER 1.0mL , BELER T LS
BREEEHE M DNA EARAIFE o

133 #HREMHRE: ZBRRERREENRR N
PRI ER KB AR N BE 0 LA XY JE#R
BRI THREE D, 1EE 5 HRER KEOEEKR
11 %RIFEE KEIREREK , 235 RH DNA #iRk
B, ANEBTNE , HPS0mEEKR DNA
HRXA 3 ANAFTUE , 2URFSTHERN
SR, 2WHhEERNMAY  RFLERRAM,

1.34 RYERLE: EEEKERKE CMCC(B)
51572 MnHEERTEHERY , - FEEET
30 mL £Ehokd | IKFES , FEAEIRFH
o F— SR EBEKBEERREW0, 10, 10%

10°, 10%, 10°, 10° 107, 10°4%) , P BIEUA L
BR 50 uL BATIEREIT . [EIRTHI% DNA @,
B4R - FBFHBRS0 uL & T 200 uL PCREF |

6 000 r/min B0 Smin , FLF , A 125 uL TE
K, P EFREZ 99 °C KA 15 min , 12 000 r/min
B 10 min , BUEE, BUA LAEIE DNABEGR 2.5 ul
1T LAMP iR A PCR MR , HAES1 DNA R
KA 8 AMNFTWiE, LAMP MiXEZ W EH {0 H
ERNVER , SRKEEHHEY , RBLENEA
t, HAIREFERR B NMER R Z T ; PCR
MRAZRERERRBEARMABERNER, RE
SZRVNBMIEETRERBTNE , HERER
KR, HA , BEITHA NS R GB4789.2-2010(&
RMENERBEELHNE) P, RELKR=
BRI SR e MBI ML L 50 L HEHBREHN

MERNEEE/S,
1.3.5 S5&EGEENEEMITEEHE: WMt X
SN TETHRENKERMERR , E 10h/5 , &
IR EI%E DNA B, B LAMP JEX B E#m
BTN  HERSEZRMWAELERNTL , H#
HITRITDN , HFEERN G T ETEEE.
DB, YSENMER, £ HRURNBEEE
E , BB GB/T4789.5-20120%", Heh 4 H#
HWE=LAMP RAEMZ SR A EIIRAMLER
B+ LAMP R NERESRNGEITNBAELER
B 20)/ # %  Fir B B @ B 80> 100% , B &R R &
LAMP R MENE S8 75 A %S R — B,
2 ZR545H
2.1 LAMP #&U{ARBIEL

W RME 25 pL B LAMP R MAREIE -
2x BRI 5 pL. Bst DNA polymerase (8 U/uL) 1 pL,
dNTPs (10 mmol/L) 2 uL. 3 ¥} 5| #1844 ¥ (FIP/BIP
1.6 umol/L , FL/BL 0.8 umol/L , F3/B3 0.2 umol/L)
2 uL. DNA ##R 2.5 pL, £ 2.5 L, BHAK
25mL, B BRAFBET KB 61 °C R 50 min ,
BEZARAE  RERNETLEHTNHAEE
LHERNER , EANAMEREE , AMHER
ERROABGRER) , HALTMEFERR 8B I N W
EMERRNER , AEERRNEZHIERT K
%, XA, BAMESRUERIHEEL , K
NAER® , RE 1. 2, B5, PCR RNERNR :
10xPCR buffer 2.5 puL , Taq DNA polymerase (5 U/uL)

- b » - -
1 2 3 4 5
1 LAMP REENE &E

Figure 1 Results of change in color of LAMP-based
detection method

3 : M : Marker DL2000 ; 1 : JEER KEVREEKRER ; 2-5 :
SR KERAERER.

Note: M: Marker DL2000; 1: Non-Shigella standard sample; 2—5:
Shigella standard strain samples.
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3 4 5 .
L gpe I IS SRR £2 HRMRNER
Table 2 Results of specificity
BB BHRS KALER
Strain name Strain number Detection result
S. dysenteriae CMCC(B) 51105 +
2000 S. flexneri CMCC(B) 51572 +
1 000 S. sonnei CMCC(B) 51592 +
750 S. flexneri ATCC 12022 +
500
S. boydii ATCC 9207 4F
250
8 V. parahaemolyticus ~ ATCC 17802 =
100
S. aureus ATCC 6538 -
2 LAMP [RIE % ek [E] E. coli O157:H7 NTCT 12900 -
Figure 2 Electrophoretic results of LAMP product of 5
change in color E. sakazakii ATCC 29544 =
7 : M : Marker DL2000 ; 1 : IEEIR KERHERKRER ; 2-5: P. aeruginosa CMCC(B) 10104 =
BB REPR AR . B. subtilis CMCC(B) 63303 -
Note: M: Marker DL2000; 1: Non-Shigella standard sample; 2—5: )
Shigella standard strain samples. S. typhi CMCC(B) 50098 -
A E. faecali ATCC 33186 -
1 uL dNTPs (10 mmol/L) 0.5 uL ,5|¥18 & ¥I(PF/PR
" E. aerogenes ATCC 13048 -
0.5 umol/L) 2.5 uL ,DNA #&4R 2.5 uL ,J#BEEK 16 uLo
. L. monocytogene CMCC(B) 54002 -
PCR @ 79 :94°C 5min ; 94 °C30s, 57 °C .
& S. pneumonia CMCC(B) 31001 =

30s,72°C30s, 35 NMEH ; 72°C5min , HER
2 TR FEBR AR BB KA M W 22
22 HRMRE

S MERKBEMERMERBETHIR K
&, BARNMEY ; @11 RIEEERERER
MERNDAIRNETREREOE EARNPEYE B
DNEFTMRER—B, W& 2.
23 REERE

LURBBREHRE 10-10° 284 , X B AVAS T & 15
ERAERKEE BRRNUMEY  MBBRERE
107-10° i 3 RIEOAS B = R BT B RGO &
EDRAMBEY , B3, U EFTMRER — B,
F 2 Rl K8 R BB 5K AS T LA £ 1 B BE A R T R
WRR=Y , ERHBASHERET , LB 4,
PCR KMERER , AEEBBEHRE 10-10°
Zut , HABRHENF=PERT , LB 5. 2R
LAMP BN REBEL PCRERNEH 1| MRER ,
LAMP 3 PFRiXE] 1.6x10' CFU/mL.

A+ LAMPRMUERAEHRTNE , FAME ; - : LAMP &M
KEMHFEE , B

Note: +: Positive with obvious fluorescent green; —: Negative with
no color changes.

24 S5REGENGENXT AR

BEXN 161 BERETRN FRETEAS
AElm. K=m, AFm. BEREMURALS
EHEGRHR , LAMP RUFEERGEHENERE
23 98.0%, 100%, 100%. 96.7%F 100% ; £
150 R ERrE@mAP , HRMEBERN 993% , =&
BRAZEREEREHN —BIE(/=2.137 , P=1.035) ,
&k 3.

-

x

b bk b |
LLERFERE
& F¥ ¥ N '

Dilution multiples 10" 10" 107 10° 10* 10° 10° 107 10*
B3 REEAKRERER

Figure 3 Chromogenic results for sensitivity

=
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bp M 10" 10" 107 10° 10° 10° 10° 107 10* Dilution multiples

2000

1 000
750
500
250
100

4 LAMP #0 R 8 IAL0 B & =R ikEER
Figure 4 Electrophoretic results of LAMP product in

sensitivity test

3 Zr5itig

EEESHNREFRENERSE KBS RMEK ,
BRI EEBELEEAENERN EXEHELN
FX  EAREBISH. REBHQN G EZN SR EE
RRENBHFEUARMERKREFEXREER,

bp M 10" 10" 107 10° 10° 10° 10° 107 10* Dilution multiples

2000

1000
750

500
250
100

5 PCR MR 4 k4R

Figure 5 Electrophoretic results of PCR product for
sensitivity

LAMP RARHNHARERFUEERNS MR
RiT514 , & Bst DNA REME(LAIEERSM
(60-65 °C)F 60 min ERERYT BRN , BEAS
M, RENBR. EHT LAMP REARFP LR
MRS RS  ETRRERLSME LAMP K

*3 ErEtEm™ LAMP 0%

Table 3 The detection results of practical samples by the LAMP-based detection method

o H B A R B0 /4D)
Bk HERE Positive cases/total cases of sample (n/n) LAMP # FE@E
Sample type Sample name LAMP 7N SRR A o 0y "
LAMP method Traditional method

AERESR Pork 1/10 1/10 98.0
Meat and meat Mutton 1/10 1/10
products Beef 0/10 0/10
Preserved meat 0/10 0/10
Ground pork 1/10 1/10

K= Yellow croaker 0/10 0/10 100
Aquatic products Crucian 0/10 0/10
Chub 0/10 0/10
Grass carp 0/10 0/10

9,4 B Pasteurised milk 1/10 1/10 100
Dairy products Skim milk 1/10 1/10
Yoghourt 0/10 0/10

FHEE R Dumplings 1/10 1/10 96.7
Quick-frozen food Frozen drumstick 1/10 0/10
Beef roll 0/10 0/10

431t Total 7/150 6/150 99.3

11/11 11/11 100

AISHRHER

Artificially contaminated samples

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



BHhE: RN SEFRY EEARERRPRREHE RERIELN 2253

BIE Mg & ERMEMEATREBRRE
LAMP RNMERAF MgCL RENEKHELS , &
SEMRA ; HEREELEF DNA RENTRE
M, #EmMAKXEDHEMIR 25 LAMP RN
F 2 AH R P RBRXIREUR AT ER R
T AERE(EE MgCL RE, MEBRE, Bst
DNA polymerase #RE . dNTPs ;RE. 5% B3/F3
5 FIP/BIP WELLE., R BORE AR R RIAY B[R]
BED BT LAMP RENE , RLEERK
R NAAENRERRBER. B  AHRXAB
B R H(EEEE Tris-base, THERF SDS) , &
ARMLREBER EEBRTHER. R
BRENZ LAMP R NERNEM,

ARIE LAMP RN ERYE |, EERNIEER
EXEE FAMRBELIARBEURFILR &
H ipaH LW EERTXE , ¥ EAELBRHARIT
LAMP 5|#) , Xt RENMNERPRBERE. 5
S, ARIERAPEIA TR Y, BRTMAKS|
et LAMP R B thREEEH 1T , BN AIRS| YI8E
RENBME  BERBAE  MNi0ELEHERE
RMHER, EERYEFE , 2 0B ERIEREE
AR LKA M E M EE LAMP R BIBIREH |, th]
EEBESABRMERN=Y , MRAR Mg 25
REFYEBBRESTERERESE FEA2R%
Y, BEERZAERENE , EENERD K
RIF=¥) 7 4% DNA A& SR HFHE SYBR Green |
e, WA E~EYN  RNEEE , RzDH
RE , BZRMMKBRE , BERFRERNEF
EMA , 2ERPANSBRGED |, TaEEME
HttRBER, mFRFT , RALELLILHES
BEZE-Mn B RA  MRER  AEeUERRA
E, BERNEIMAERN , SR FTZANER
¥ A *,

AMEBEFFHEEKREE ERREN 5353
RMNERKBEEFNERYE RBENSBHK
ERIPBRA 1.6x10' CFU/RBL , 52 8IHBX LAMP
BARMER KEREMFY> | BEREK , &
LAMP BN RBEL PCRRAUSE 1 MNEESR ,
T%E PCR UEBRMNE BREME HILETF PCR
KM AE, BH, 18BIE GB/T4789.5-2012" | %
REEERNAEZ-—HREAENEST 2B T7HHEE
FASME, HAERME it —SBERE(EEMM
BEREBTERNWEE  Z—RISEREE
ZEENKM] 3-S5 4, BEEESHEFELUR
BHNE , KXEMTRAUEKA ; T LAMP EEA
RUREMSE mMETEZEBETARHIRER M
MAERS TRUME, KHFRF , 2 LAMP R
MFEN 161 BRI ERRERIA ISR
mBTRN , HFSEERNAENE EREREF
AERE , ITEAR. SLFR , & LAMP &

NFEEEBHRZEERNZRERUNER B
ITRABNNARR,
2 % X
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