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 E: UKWHITFHE(E. coli) WS, RHABRNSEIRY BEH A (LAMP) X Hy 8, 250 = A 60 BME
Bk - B SO TG LA T LAMP PRy ikl 7% . 514 F3, B3, FIP, BIP 3341 E. coli LAMP F=Hy Kk
/NF3 240 bp, SRALIIBAE KSR BAERYIRE/ BKE (10 em/15 ecm) , s BEWMN 0. 5% ¥
CHEAFYER (1300 K) , HLIZBREE (100 V/em) , #EFEZEAE(100 Vem, 1.0 s), B4HE HkES, DNA KEELE
100 ~ 500 bp JEFE N SHITHEM I RLHE R, HHIERECH 0.996, TEAHFEBHME ik 55445 FX E. coli LAMP
FEYIET T, R XIS RAE UK E 0} E. coli LAMP P2y S BHPEF= 480X 43, 455R%0H, B4
B IKBARALITLE 15 min PYSEHE LAMP =4 5 P4 g Ptz , i H T B X 43 LAMP BH 4 5 B BH
SEISTEY) . SR RN A BANE KRR I LAMP F24100 7575, %t ABO174 E. coli FEPN 5L T LAMP, 3%
WHiZJ7 1L 1E &5 DNA LAMP ;=g i) He s .
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Detection of Loop-meditated Isothermal Amplification Products by
Capillary Electrophoresis
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Abstract: A novel method was proposed for the detection of loop mediated isothermal amplification
(LAMP) products of Escherichia coli (E. coli) based on self-built capillary electrophoresis ( CE ) with
lamp induced fluorescence system. Four primers were designed for the target DNA, and the sizes of
the LAMP products of E. coli corresponding to the primers of F3, B3, FIP and BIP were 240 bp.
The best result was achieved with the sieving polymer of 0.5% HEC(1 300 K), an electric field
strength of 100 V/cm and an injection time of 1. 0 s at the electric field strength of 100 V/em. The
migration time of DNA from 100 bp to 500 bp is linearly related with DNA size, and the correlation
coefficient is 0. 996. The LAMP products of E. coli were resolved under the same electrophoretic con-
ditions. The sizes of the LAMP products were calculated based on the linear relationship, and the
positive products was distinguished from the false-positive products. The results demonstrated that CE
could not only rapidly separate the LAMP products of E. coli within 15 min, but also distinguish the
positive from false-positive products. The proposed method was successfully applied in the separation of
the LAMP products of ABO174 E. coli. Therefore, it is suitable for the rapid detection of LAMP products
of DNA.
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WA EEE Y B R (Loop-mediated isothermal amplification, LAMP) J&—Ff#h B f A BRI 18 7%,
Xof HAREE A By 6 AN Xk it 4 fldke e 514, SR —FhEEE 45 DNA SREHELEEIR 554 (49 65 C)
FEI R, BIRTSE IR B SN . 5 SR B g4 xS B (Polymerase chain reaction, PCR) #H,
LAMP HATRIE ik . RSB R AR

AT LAMP P ki 7 i 35 B B B P AR BE R r DR 583 AT S0 P 2 B e
HERE, BSR4 AR, RSB, RERECK, H DNA(HLPKEER) /4 PEREMR. JEHE&7E LAMP ;=
PN SYBR Green 1, WIHRWEZRER (A SN : SE040 A PHPE SN, REAL €A K BH P R R, 2001 4F, Mori
SRR, AE LAMP RPN Mg iR, ROV RIS iie s 7 0] 5 Mg IS A iR IR BT
UE, HENIRREDN, SORFES R AUUESE T ERNHHM, SRR WEE BARBER 3,
{BZMEREAASZIER . ESh, T DNA LAMP P2y, SRAIMEEEN] LAMP P21 iR 25450K

BAE Kk (Capillary electrophoresis, CE)J&—FhLLBAMEVE A o> BEIE . &K AR S A EKE) )
HFRRIEAH S B BOR, B R P, RS A, ST e TAEZ 2 EY ¥
MR KAT I (Escherichia coli, E. coli) A & AR 38 W L R 2 B0 AN, & S S0RIR
PRIBRCYE  WOIiF . R SRR o BeAh, KT T AWRE 2 G B iAo, LR 4 o J B BR 85 Kk
JET5 L 48 R, ASCLLE. coli XSS, KM CE BRBIGE 1 LAMP PRI 048 7712 o

1 WS

1.1 ik F

Fl FA4EE (HEC, Sigma 4vH], £[E); SYBR Green [(Invitrogen 23], 3£[E ) ; 10 x Trisborate —
EDTA(TBE) ( Bio — RAD /A%], Z£[E); 100 bp DNA ladder( Takara 2y %], HZS), LAMP & Wik#FI&( Lk
WBREI AN T]) , H s LAMP Mix(2 x ), Bst DNA &7 (8 U/ul), 25 mmol/L MgCl,, #4f
K, KIFFE GATGAACATCAAAAAGTTTGCAAAACAAGCAACAGTATTAACCTTTACTACCGCACTGCTGG
CAGGAGGCGCAACTCAAGCTTTTGCCGTTGTATACACCGACTGTACTGAATCCGGACAAAACCTGTGTTTGTG
GAGGGTTCTAACGTCTGTGGTCAGGGTAACAAATGCATCCTGGGTTCCGACGGTGAAAAGAACCAATGTGTC
ACTGGTGAAGGTACCCCAAAGCCGCAGTCCCA (A TAY TFE( i) 43H]) o
1.2 5|¥igit

519t H Primer Explore V4 T H. ., K55 9.2 BIMEES . 51871R KIRE (Tm {H) . 514K
FaEME . DNA JFAIE) GC S EUL R, AL EAE) LAMP 5(%5, E. coli i) LAMP § 34 514 (4
THAWTRE(EE) ) IF: F3: CATCAAAAAGTTTGCAAAACAAG; B3:. CTTCACCAGTGACACAT-
TG; FIP; CGGCAAAAGCTTGAGTTGCG — CAACAGTATTAACCTTTACTACCG; BIP: GGACAAAACCTGT-
GTTTGTGTGAG — GTTCTTTTCACCGTCGGA
1.3 EWEHRXENRS

SEI S BN UK RS OIAE DT TR . A B4 (Polymicro Technologies, 2£[H), 6
WE SR E/ AR (15 em/10 em) 5 F1E RS IX71 (EARER, HZ); MODEL 610E & H K
(Trek AT, 2EHE) ; RATEHE L BINYEL U - MWIB -3 JE96F (SRR, HA) SIEEFEAEK N
460 ~495 nm LG, DL 60 x Py Plan Apo/IR (BRAKEHr, HA) Z GHE TR HAEHEE RI28
(BT, HA) o AR, RHGMER REEROT B E N BRI B, kit
FRAE 25 CHEIR T BIREE H 5E R
1.4 LAMP IR\ SiEEH 12

F3 Fl B3 512k BEY A 0. 2 wmol/L, FIP Fll BIP 5|2k BEF 45 0. 8 wmol/L, 20 wl i B R
AR A . LAMP Mix(2 x )10 pL, Bst DNA B4AHE(8 U/pL) 1.5 puL, 25 mmol/L MgCl, 3 pL, #8
ik 1.5 pL, 519REY 4 pl.

20 L A RHN BE S R WA A4 B : LAMP Mix (2 x )10 wL, Bst DNA 8408 (8 U/pL) 1.5 uL, 25
mmol/L MgCl, 3 pL, 4K 0.5 ul, 5I¥HRSY 4 wl, HAREAR 1 ul.

LAMP SZE5HE 65 °CEHEREE H W 90 min,
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SRR

35 %

1.5 B3/F3 WiiF

KHMES: PCR J5ixt B3/F3 4l , ROV APEWIT . #5410 x Fast Buffer I 5 pL, dNTP Mixture 4
wh. KHHFFEE DNA 1wl F3/B3 4351 pl, Speed STARS 0.25 pl. KEE7K 37.75 pl T 808 N EC K
50 pL VI . A DNA B4 BEFANIFE T100 Thermal Cycler PCR 4X E3#E17, RHIMAHE PCR ¥ 144

HERR)F, PRS0 95 CHVEME 2. 0 min 5, 95 C

2 #HR5iTE
2.1 EWREBRXEHEHSL
2.1.1 BHNRRE  LLHEC(1 300 K) A4

ST, FEHIGHREE 100 Vem T, 2T KRR E
(0.2% , 0.4% , 0.5% , 0.6% , 0.8% ) HEC %}
DNA B2 (WL 1), SEEe R, Ffi#& HEC
WCRE 34 N, DNA [ 43 55 5 b) o pifi 2 38 . 4
HEC ¥R EFARHT, 55K DNA ladder 4355 AR,
B 7E 8 min SCHL DNA 435, {H 5 HH4E DNA J B[]
15385 BE AR, 24 HEC ¥ B2 T 0. 6% B, FHAR
DNA J Bela) i 73 85 BER ey, (H 3 BNt R) A B AL
Horss ik i\ SR A R, i, AR5
KR EE0.5% HEC(1 300 K) B4R kb5 A i
2.1.2 HIFEE LL0.5% HEC(1 300 K) K §iF
SO, BT AR E (60 ~ 140 V/em) X}
DNA ladder 4> B R0R B 20, £5 KW, digm
FERE, DNA [ 4y 2H Rl . 4 g am e 60
V/em B, AH4B DNA F B la) 0 43 85 BERS R, {HH
PRAFTEIAEHE ( > 30 min) . Y4 HIZEREE KT 100 Vem
B, Bl R4E0a, (HAHAE DNA FrBelal i 432
FERZE, PRI, SRA 100 V/em VB0 B
DNA [ R, I 433 a3 e i .
2.2 LAMP 5|48 %5 S 4

1E R B E Bk AT, %27 LAMP
SRR AR I DNA AR ) LAMP 9 44 of et 16 4%
W SEIRERM, MR RN B AT R AR AR B
BN Yk B A B 5 % I A R ik 0 (
2a) . AERUE B3 FI F3 BEBIEH, RHAMESE PCR #
PEERASOS KA FE AR 52 T PCR R, 4R %
HH, #£7.9 min &b, HBLT MR (& 2b) o T
FEAH%5 B Yk 100 bp DNA ladder 1255 (& 2¢) &
7, 500 bp LAY DNA )B4 N TR b) 18] 5 Fr B
RANBEMERR(E 2 B, el it 5 2d

s 10 s, 64 °C Bk 30 s,

100 bp 500 bp

Q_Lk_}\_,ng_.&_.w &
100 bp 500 bp
| 1 000 bp
o d

100 bp |5m bp
1 500 bp &
500 bp
100 bp
800 bp
L hnnn h
100 hl’JDm] bp
[t n
I 1 T I 1 T I L
3 6 9 12 15 18 21 24

t/min
1 AEHE HEC(1 300 K) T 100 bp DNA ladder
B LYK I 1
Electropherograms of 100 bp DNA ladder in different
concentrations of HEC(1 300 K)
concentrations of HEC(a—-e): 0.2% , 0.4% , 0.5% , 0.6% , 0.8%

Fig. 1

B :
Y=5.5240.0106X
04 r=0.998 o
Py

e £ g 9 ~
240 bp v B e
I = 8 A
b o
100 bp 500 bp ¢
T T T T T
100 200 300 400 500
A A & Base pair
240 bp
JL»J LAJ:‘.M UW /L d
5 10 15 20 2

t/min

2 ANIERES ) BN E HLK S E 4
Fig.2  Capillary electrophoresis of different samples
a. negative LAMP products, b. PCR products of E. coli, c. DNA
Ladder, d. positive LAMP products of E. coli;
condition; total and effective length of the capillary: 15/10 cm;
polymer: 0.5% HEC(1 300 K) ) ; loadings: 100 V/cm, 1.0 s;
electric field strength: 100 V/cm; insert: relationship

between DNA size and migration time

HLDKIENE B2 DNA FBER/NE) 240 bp, 24 LAMP ROV 445 B3, F3, BIP, FIP 4 Fh5|#if, LAMP
PEPIHAEALE 100 ~ 1 500 bp AR DNA JBE, H 4% 7.9 min ZLXFI7H) 240 bp fHLYKIE

2.3 LAMP FHMESEMEM~IHX 5

LAMP [ G R, RS e 52 85 5, i M BUBRBHE45 2R, i F LAMP SCEg 25 51

Yikh2EEE %, R AMGEETCIE SCBUB B P S BH PR S SR X 73 o AU B BANE RS T, W I A
T LAMP R ip e R B 0 5 OB TP S CE 5 AR S5 I B LAMP 724 SCEa W, A6 T BH k44
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SCE 3a) 0 I ORI, LAMP 655 208
BB LAMP SN %, B LAMP SR I MUUWK
PA = (16 3b) . e, AL, s :
HLTKIAA S H W A % . | ”Aﬂ M‘L
2.4 LAMP Fiie MUU J l.
BB LB AV I LAMP ot LA | |
5 10 15 20

HF ABO174 E. coli 3 A (42 150327PR3647 —
3R28, #Hfk pUCS7, A Smal) EHL T — B¢ 200 bp
W R B, it 7 LAMP 5|4 F3 (ATCGTCTT-
GAGTCCAACC), B3 ( AAGGTAACTGGCTTCAGC ),
FIP( CCTCGCTCTGCTAATCCTGT — GGTAAGACACGAC
TTATCGC), BIP( GTAGGCGGTGCTACAGAGTT — AGA
GCGCAGATACCAAAT) . LIKHAFF B ARG IIREAS, 3
1T LAMP §48, BANE HLpickaill, 4558 amE 4 Pk,
S5, H LAMP P2 LIZE 6. 5 min PI#AGH
3 &

AL T —FhEE T B4 E Ik BRI LAMP
FEPIREIN T v, SCELT H RIS A BRI, 45
BB, FEMALE KA FiZ 7 1E T 7E 15 min (N
SERG S LAMP P46, i H ol LLSEEL LAMP
FHE =4 S5 R B =P 0 X 4y o B 205 L bkAR K
HidE e 7 LAMP P24 00 £ %2R, 4 LAMP - CE
SRR — IR A B TR R e A 1 EE B SE IR LA
S Rk
(1]
[2]

Mic. , 2011, 62(1): 41.

Hmin

K3 LAMP BHIEY 44724 (a) 5 LAMP fEBH Y 3471
(b) B BAE RIS B 4G
Fig. 3 Capillary electrophoresis of positive LAMP products of
E. coli(a) and false positive LAMP products of E. coli(b)
the conditions were the same as those in Fig. 2
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tmin

&4 LAMP BHYE XS HRE St B A0 LDk 43 25 1
Fig. 4 Capillary electrophoresis of an positive LAMP
product of E. coli
total and effective length of the capillary: 12/7 e¢m, other

conditions were the same as those in Fig. 2
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