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Establishment of loop-mediated isothermal amplification
technique for rapid detection of NDM-1 gene
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Abstract: We established a rapid detection method of New Delhi Metallo-B-Lactamase Gene (NDM-1) based on
Loop-mediated Isothermal Amplification (LAMP). With the application of LAMP, we designed four sets of LAMP premiers,
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using NDM-1 gene as the target sequence, and selected the set of optimal primers. Meanwhile, we established optimal reaction
systems and conditions to carry out the sensitivity and specificity experiments. The experiment results showed that the whole
detection process took only one hour and could be observed visually. In the experiment of sensitivity, NDM-1 gene had a
detection limit of 6 copies in each reaction. In the experiment of specificity, we detected NDM-1 gene in 4 pathogen strains
(Klebsiella pneumoniae, Escherichia coli, Staphylococcus aureus, Streptococcus pneumoniae), and the total DNA from
intestinal microbes and the total DNA from soil microbes. We had not detected the amplification reactions. The detection
method established could rapidly detect NDM-1 gene and visualize the experiment result. The method is easy to operate and
has high sensitivity and specificity and thus has great application value in basic research laboratories, emergent detection and

spot detection.
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FOP FI BOP 4% 0.2 umol/L, 5|4 FLP Il BLP %%
0.8 umol/L, dNTPs 1.4 mmol/L, Ft3%#8 0.8 mol/L,
Tris-HCI (pH 8.8) 20 mmol/L, KCI 10 mmol/L,
(NH4),SO4 10 mmol/L, MgSO4 8 mmol/L, Tween20
0.1%, BstDNA REHE R Bt 8 U, Btk 2 ul, 45
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4% 25 ul 11 LAMP S f4 Z il & F 65 C/KIR
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2) PCR [ MK F 5 S 55 TN 45 1 43 4k
JEN: 10 umol/L L¥#51%) (5-TGGACCGATGA
CCAGACCG-3') #il 10 umol/L Fi#514¥) (5'-GAT
CAGGCAGCCACCAAAA-3') #% 1 uL, 2.5 mmol/L
dNTPs 2 uL, 5 U/uL Ex Taq fiff (TaKaRa) 0.125 uL,
10xbuffer 2.5 plL, FH 2 b, BEEKEEZE 25 ub
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Table 1 Nucleotide sequences of the primers [1]
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Fig. 1 Selection of four primer groups with LAMP method.
The results of LAMP reaction: as for Al, A3, A5 and A7, LAMP
carried out NDM-1 template DNA with primer [1], [75], [28]
and [43], respectively; as for A2, A4, A6 and A8, LAMP carried
out in the absence of template DNA with primer [1], [75], [28]
and [43], respectively.

Primer name Primer sequences (5'-3') Primer length (bp)
FOP CTCGACATGCCGGGTTTC 18
BOP GCCCATCTTGTCCTGATGC 19
FIP TATCGACCACCAGCACGCGGGGGGCAGTCGCTTCCA 36
BIP ACCGATGACCAGACCGCCCATGAGTCACCACCGCCAG 37
FLP TCCCTGACGATCAAACCGT 19
BLP GATCCTCAACTGGATCAAGCAG 22
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Block A (No. Connection/65 °C): D (NoSetting)
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Fig. 2 Detection results of LAMP amplification. (A) Detection
results of the LAMP reaction using inspection of the color
change in calcein under visible light: tubes 1-3 showed the
color change from original orange to bright-green. (B)
Detection results of the LAMP reaction using the naked eye
detection of the white tuebidity as a positive result: tubes 1-3
showed the white turbidity. (C) Detection results of the LAMP
reaction using Loopamp turbidimeter: bar 1-3 showed the
positive results.

-0.1

3 ABEE (KB 3). 55 4h— 4l E A I R A
2.9x107° mg/L (6x10" #% D1/} i), 5 PCR J5 ik il
REE 2.9x107° mg/L (6x10° £ U1/ ) LIy
T2 BEH BdEAER).
24 NDM-1#EMiIEER

T NDM-1 K & 2008 4F & A H R, &
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T3 X (GenBank Accession No. FN 396876.1)
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Fig. 3 The sensitivity of NDM-1 gene shown in LAMP and PCR methods. (A) The sensitivity of NDM-1 gene shown in LAMP. The
first four lanes all have positive results. The other lanes all have negative results. 1; 2.9x10°® mg/L; 2: 2.9x107" mg/L; 3: 2.9x10°® mg/L;
4:2.9x10"° mg/L; 5: blank control; 6: negative control: the template with Klebsiella pneumoniae; 7: negative control: the template
with Escherichia coli. (B) The sensitivity of NDM-1 gene shown in PCR. The first six lanes all have positive results. The other
lanes all have negative results. 1: 2.9x107" mg/L; 2: 2.9x1072 mg/L; 3: 2.9x107° mg/L; 4: 2.9x10™* mg/L; 5: 2.9x107° mg/L; 6:
2.9x107° mg/L; 7: 2.9x1077 mg/L; 8: 2.9x10°® mg/L; 9: 2.9x10"° mg/L; 10: blank control; 11: negative control: the template with
Klebsiella pneumoniae.

bp bp 1 2 3 4 5 6 7 8

1: NDM-1; 2:
Escherichia coli;
3: total DNA
from intestinal
microbes; 4:
total DNA from
soil microbes;

1: NDM-1; 2:
Escherichia colf;
3: total DNA
from intestinal
microbes; 4:
total DNA from

2000 soil microbes;
5: Klebsiella 5: Klebsiella
1 000 preumoniae; 6: 2 000 preumoniae; 6:
Staphylococcus Staphylococcus
aureus; T: 1 000 aureus; T:
500 Streptococcus Streptococcus
pneumoniae; 8: 500 pneumoniae; 8:

100 blank control. 250 — blank control.

4 LAMP K PCR #RMiRIGER

Fig. 4 The specificity of NDM-1 gene shown in LAMP and PCR methods. (A) The specificity of NDM-1 gene shown in LAMP.
Lane 1, with NDM-1 template, was detected of positive result while the rest seven lanes, without NDM-1 template, was detected of
negative result. (B) The specificity of NDM-1 gene shown in PCR. Lane 1, with NDM-1 template, was detected of positive result
while the rest seven lanes, without NDM-1 template, was detected of negative result.
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