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Detection of Pseudomonas aeruginosa by real-time loop-mediated
isothermal amplification
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ABSTRACT: Objective To establish a detection method for Pseudomonas aeruginosa by real-time loop-mediated
isothermal amplification (LAMP). Methods The LAMP primers were designed for the sequence of Pseudomonas
aeruginosa exotoxin A (PEA). The specificity, sensitivity and detection limit of artificially polluted mineral water
were measured to evaluate applicability of the LAMP assay. Results This method had no cross-reaction with other
strains, which had strong specificity to P. aeruginosa. The detection limit in pure cultures and
artificially-contaminated mineral water samples without enrichment was 5.2 CFU/mL. Conclusion This method is
rapid, sensitive and easy to operate, which is suitable for detection of P. aeruginosa in water samples.
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Hrid PCR FIZOE5E it PCR AR Bt BB A8 il A P 1A 7
R, %58 PCR J5 2k 2 vk A g ah 10,

A PR 1 (1oop mediated isothermal amplification,
LAMP) 2 —Fuiad fi ek R LR 3 J5:, F 2000 44
Notomi " Hfi#. LAMP R FEIEFRIH—4LHA D 4
ANEERAERS 1, AR50 H AL 6 MERE X2 HAy
PR . RBUE RSO, M. &Fa80
SFLWERTFEY, BT 2 N T RO
PIAB IR R MU ), LAMP AR 5 2275 55 i IR L8
R R R TTTE, RAIWT LI A E R . T SR
LAMP $AR1EJF LAMP £ AR M ILAE EF AT e ), FS0ntae
HH ARG FERY B AR &, B0 M 1 26815 i
G RFNWT SN ERE o SERT 5 LAMP AR5 B2 &
PCR WKW 24, JrikEw i m, N TRARKKE™, Hid
N T s ez Wit A sh i % PO L FEAE R
T 0L XA SRR B B PEA ZERER RS 511519, &
NP, MERRISEI PO LAMP J5ik, ST IR KK
T it r R {1 B M TR DA I 4 AT ) F B

2 MH5EREE

21 UE5EF

SEER T AR A SRR IR . SR AR E . 2
BREF . S WO AR . RV I OB (35 1) 2 B o £
D), REBICTE . SRR ZEAAT I . AR AN R
WG . IR IMPESEER B . VDT TR (P B E A
PRBE L), RIGFFE O157:H7(K [ # 7Y 5 Fh {7 5%
).

T2 fE A K30B(HT M K A 8% A BR A Al );
BD-1000 #7 ol i A% 2 2 11 0 I (Al s FON AR O B & e
A BR2F]); 7500 FAST #ISEE 2865 i PCR {3 (35 [ b
VRGN ).

AP IEHEZL DNA $REBURR G5 A TR CRE) H R
23 F]]; DNA SRR 550 & (7 MR A R IR A A .
22 ZEWHE
221 wWHEEHR

BIFMERI T CN B 353, 36 °CHE 3% 24 h J5 PR BT B
7%F SCDLP(soya casein digest lecithin polysorbate broth)#
TR, dkellisR 16~18 hy SRAZE KL E I 5k H
FAA: BRER AR R AN TR MR B O B, 5 FH
222 AR DNA 2R

W 1 mL, #2808 DNA $2BGH B B8R40
223 Fl4RAt

EF XTSRRI PEA SERFS, FIFH LAMP 514
LRSS (L 1), Hd TR TRECEE) B
A B2 WA

#1 319F75|
Table 1 Sequences of primers
Gl B J¥51(5°—3)
PEA-F3 GGTGCGCTACAGCTACAC
PEA-B3 CCAGGTATCGTCGAGGTT
PEA-LF GATGGTGTAGATCGGCGAC
PEA-LB AAGGTGTTGTGCCTGCTC
PEA-FIP TTCGCCAGCAACTCGTCGTTTTCAAGGTGTTC
ATCCACGAA
PEA-BIP GGTCAGCGTGGTCATGGCTTTTGCGAGGTAG
i TTGTAGACC

224 LAMP R4k & B 4H

LAMP WK Z (25 pL): 2x W S ik 12.5 L,
F3/B3 5|#)4% 0.5 pL(10 pmol/L), FIP/BIP 5|#)4% 2 uL
(20 umol/L), LF/LB B[#J4% 2 uL(10 umol/L), Bst DNA &
Wit 1 pl, 9564981 0.5 uL, DNA 4% 1 uL, il ddH,0 %k
JEE 25 uL, F 63 °CIJ 45 min,, IHEDOL,
225 H4EFHESHT

HT S ERGIRAIEE LAMP SIS, 251
THI SRR AN . BRI AT . 2B . & ARk
B RIS MAPEINE . RNEPICE . BERESEAT I . R
YNGR IC I . IS M ERERREE . YT TR . K
FFP§ O157:H7 17 DNA 21, $&H_FikA9 LAMP v ik
ROHTY 8, BGTEA 6 AR S
22,6 REEHHT

H47 0 2 A1 o B BRI B R R R A TP AR B R TR, AR
B Hy 5.2x10"° CFU/ML . % 0.85%4 FRER A I B
W R PR, FE PR T 10 R RS, A
TER 5.2x10°%, 5.2x10°, 5.2x10*, 5.2x10%, 5.2x10%, 5.2x10",
5.2x10°, 5.2x107" CFU/mL AYRHEM . FF R4 B 1 T B
A5 HL 1 mL 321 DNA, ddH,0 7B R BAYEXT IE, #E4T LAMP
SE Y R B AT .
2.2.7  FERAf AR

B2 AR ARSI JC A SR AR B TR 9 SR KA S 9 mL,
TN T mL A S AR P AT BT 35 A RV (5.2 % 10°~5.2¢
10" CFU/mL), F4MRAIR, SrRIERE 2.2.2 ()7 iR BN
& DNA, R4 2.2.4 R BAARRIAT LAMP Kl

3 HER5SH

3.1 IR LAMP BU45 S 94

SEETHESE LAMP 5190 R S 40 3% 20 AR 2 7T
VLB, X H SRR R AL N 11 PRESRD DTS2 5t
LAMP L5, [ HS I pa A b1 dh 2k, 2558 0 PR,
HAD AR A BAPE (LI 1), FUTEEN 07 45 P
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Table 2 Results of LAMP specific amplification
R IE A= g R PL T SCAFR A N 45 2R

ATCC27853 e P Pseudomonas aeruginosa +

ATCC29004 B s A T Enterobacter sakazakii -

ATCC29212 B 77EE NG| Enterococcus faecalis -

ATCC6538 A WA A ERTA Staphylococcus aureus -

ATCC17802 L AL P I B Vibrio parahemolyticus -
CMCC(B)32210 - LR BR T p-hemolytic streptococcus -
CMCC(B)54002 PR M 3 A AR R G T Listeria monocytogenes -
CMCC(B)50115 GG Salmonella typhimurium -
CMCC(B)51592 RNEBICH Shigella sonnei -
CMCC(B)63303 R ZE AT I Bacillus cereus -

NCTC12900 KIGHFH O157: HT Escherichia coli 0157 : H7 -
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0B ] /min 2 6 10 14 18 22 ‘26 30 34 38 42 46
PR A)/min
TE: 1 HER R AR, 2: p-VA PR BEIRTA, 3. RUIIEVDIT IR, 4: B 40 Y=-2.6393X+34.372
KIGHFH O157:H7, 5: MEHEZFFATIA, 35 & r°=0.9222
6: RINEBICIA, 7: BURAFFIA, 8: BV MEINE, 9: &2 (A4 30 o ”
BIERE, 10: SEIAERE, 11: SRZ 400N A AR R IR 25 1 ’ e
Fl1 S2ESE LAMP Rl A AR B o (4 S 1 U 20 F v .
Fig.1 Specificity detection of Pseudomonas aeruginosa by 15
real-time loop-mediated isothermal amplification 10 |
5L
3.2 ERTRH LAMP B REE 5347 9 0 1 2 3 ; 5 6'
SIS LAMP Ao I 4 2 15 2R o7 %) 52 50 D & Lg[C/(CFU/mL)]

2. B 2-A R, SR SR A TR R Ol 5.2x10°~5.2
10° CFU/mL B}, ¢ i 22 1 BU B 2 i 9™ 1 e, 285 52 BH
PE o Bl T R e BT (B RRA, C AW K, H 2 H 2
BAFHLPEXRLE 2-B), ®MEFFHN ¥=-2.6393X+
34.372, MISEREL 7=0.9222, Y F N 5.2x107 CFU/mL
BF, et s T 2%, BoA By 1 i<k, 4558 8 1
P o WSR2 LAMP 5 ARG 04 23 15 20 347 4 G 113 BR
4 5.2 CFU/mL,

A SERPOE LAMP Yl g, 1: 5.2x10° CFU/mL,

2:5.2x10° CFU/mL, 3: 5.2x10* CFU/mL, 4: 5.2x10° CFU/mL,

5:5.2x10? CFU/mL, 6: 5.2x10' CFU/mL,7: 5.2x10° CFU/mL,

8:5.2x10" CFU/mL, 9: BF:X}IE
B SZHF9¢56 LAMP FRifEfi 2k .
Bl 2 SERTHEE LAMP K60 4 S 5000 B 0 R S
Fig.2 Sensitivity detection of Pseudomonas aeruginosa by
real-time loop-mediated isothermal amplification
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N L5 Y0 SRK I SEPRAE S S2 30 45 SR R 3. H A
3-A ATHL BSHEAE R R, C BB/, BRI Lk
5P B S 36 G B A 5.2%10° CFU/mL. 5 ARG A
FA A 2R A1 B TR A TRT R M B AE 5.2%10°~5.2x10° CFU/mL 78
FEFE I, C fH -5 il 2 15 BR M PR R P % 50 2 B
IR R(WLE 3-B), &tk N Y=1.9646X+31.139,
A R B 7=0.9638.,

PEIEIRE/(x10)

4 8 12 16 20 24 28 32 36 40 44
Y B /min

35 ¢
30 B "
25 b : .

20 3
o Y=1.9646X+31.139

15 +
r=0.9638
10 +

Lg[C/(CFU/mL)]

H: A SEHTPOE LAMP §7 34k, 1: 5.2x10° CFU/mL,
2:5.2x10* CFU/mL, 3: 5.2x10° CFU/mL, 4: 5.2x10> CFU/mL,
5:5.2x10" CFU/mL, 6: 5.2x10° CFU/mL, 7: 5.2x10"" CFU/mL,

8: BAMEXTHE. B LY LAMP FrifEiiZk .
[ 3 SEHFHES LAMP 64 23 A5 50 T8 N T 52 B i
Fig.3 Detection of Pseudomonas aeruginosa in samples by
real-time loop-mediated isothermal amplification
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WIS OE S LAMP $iARMSE G, #7 T —fbR
SRR T ] 253 AR B B 1 325 1 %o Al S A AR B
BN T30 SR K eI 5 G 24T 16 %) 5.2x10° CFU/mL,

I B HAb B 7 PV b, RAE R, S 2ok
PCR A% I 4 23t 5 2L B 14 AR A HH B 1107 CFU/mL, 3%
i PCR I 14 R A8 Ky 1.5%10° CFU/mL, PCR-5 P 55 4L
WA 4 3% B R (denaturing high performance liquid
chromatography, DHPLC) K ] R % & 10° CFU/mL.
1M E AR UE GB 8538-2016 SR JT I I 12 % i 2 A1 B i 14
ATRGI, DRI T AR PR, HCRS: B AR 5 T 35 0.4 CFU/mIL,
B AE SA —E B AT, T AR P 5BE  v& 7EAS W] 3%
FRFE A AV SN EA T B0 UE o AR FF 9T 8 ST 9 S A 201 LAMP
i AR R Y 8 A XK 6 SRAES S, HE
TR R S, R TR PR TR I A AE IR
FAFTF AT, KRB, W, S1E5H PCR K
LAMP Hi Uk S 2 g K I J s AR L, sl o 7 0 T B,
/b T BB kDB, T R, WA RO
T 1] 2 I B P T
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