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Rapid detection of Pseudomonas aeruginosa by color loop-mediated isothermal am-

plification

Wang Huan, Huang Qing, Shi Dachuan, Chuai Zhenran, Fu Weiling ( Department of Medical Laboratory, Southwest Hospital ,
Third Military Medical University, Chongqging, 400038, China)

[ Abstract | Objective To establish a rapid and sensitive method of color loop-mediated isothermal am-
plification (LAMP) for detecting Pseudomonas aeruginosa ( P. aeruginosa). Methods LAMP method with
hydroxy naphthol blue (HNB) and calcein was designed to amplify and identify the OprL gene of P. aeruginosa.
Three pairs of LAMP primers (inner, outer and ring primers) were designed according to the eight zones of the
OprL gene. A positive reaction was indicated by a color change before and after the reaction, and was verified
by agarose gel electrophoresis. The reaction conditions and system were optimized. The sensitivity and specifici-
ty of the detection method were evaluated, and were compared with those of conventional PCR. Both LAMP and
PCR were applied to detect clinical specimens. Results A LAMP method for detecting P. aeruginosa was
successfully established. The LAMP method showed 100% specificity for P. aeruginosa without other bacteria
amplification, and the sensitivity ( with the minimum detection limit of 17. 414 pg/ul) for the detection of
P. aeruginosa was 10-fold higher than that of PCR (with the minimum detection limit of 174. 14 pg/ul). The detec-
tion rates of LAMP and PCR in clinical specimens were the same (27/27). Conclusion LAMP method, in
which the amplification can be completed within 60 min, is faster than PCR. The established LAMP method in
this study enables rapid, sensitive and specific detection of P. aeruginosa, and can be applied for grass roots
and small-scale laboratories as well as field surveillance.

[ Key words | loop-mediated isothermal amplification; Pseudomonas aeruginosa; OprL gene; rapid
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i) e {1 P L TR R I I R e L Y O L TR 2
U AR AR P A R R R R, I TR A
HE BIER WER A MRS , 0] 5] E 5
A7 PRI R VI , 4 I A S I DR A5 o s o J e ) e
FlaE, FWRI2 W, Kt Aa 340k AT 25 iR 7
SN RS % T AR A BRI A

e G0 55 e i o R B M TR ) T R o B A B R
W A% 45, XS RGIN F BEAN AT ZE Ll H R
NG Z B AU RS, [RS8 i R A BB
e REEANS . Bl ARG B S T R R,
F PCR A7 5 T 28 0 2 FH 46 00 4 S 11 B i i
AR PCR VEAE Ry S UM B Rt s, A
SR RIS LU (4 ~5 h) | [al i} PCR J7 A4
R REIE IR S . I ANEAE — LRI i, Bilan
F I B A 2R A8 vk R DR A A R R RS I R A
FE L, (R A I R A A%, A R, AN BT R TR
I 4 75 2K

WA FEER P 1 (loop-mediated isothermal amplifi-
cation, LAMP) 3 A & Notomi 2512000 4F % B () — Fi
AP IR, HpR R XL (1) 6 A X ik
T4 FRe 514, £ DNA 4§ ( Bst -DNA polymer-
ase) MAEHS, THIR &M T #ATIRY 1S, HAHRAE
fAl o R SRR E . SAME RS A, KK
TR T BBE B R, A R AT E 1 ~2 h T
LAMP 4" 3 jz o7 0] I g PR IR o] U 1) 2 B R 6 1 €2 it
TE 38 A S b SOW RE AT DNA g B T ATE R
A TR AN Gk, 38 43 BE T Bl PR R UL SR L B £
AL HATEE R AW, (HJE B LAMP R M | R
EAERE R BT S T Yy o ASWEGE R B AE BN RS
PP RHR FEZL W 1 (HNB ) Fl145 5 4% 3% ( Calcein)
XTHR SRR L OprL LR HEA TR T4 IR Y 1, i
B AR Ak (#5 HNB 20 3 (0 45 %0 22728 g Kk ™) a
Calcein ZH P15 phi #8570 S B (1) BV Jg BRI 25 51 )
FIWT2E RO 2 B RE I HL VK o o I AR S PR
RS PCR AT LB AT, S T —Fh T2 fa 1)
SE P AT B PR A RS AR 7

1 #REIE

1.1 ARABAFEE KRR

A 50 P Y R R - PP = A2 G B A M R
PRAE SIOEMR KT 2012482 H -5 H A S EE KT
1% I R 0 40 2 3 15 0 D A1 B B 27 491, % it D P e 12
1] TR S5 2 R I ARG 6 LR, 38 o 2 6 SR

KA B AW o BT A5 B e . 4 S TR R IR A T
- 80 CARIRIKAR o T FH 1) 55 56 TR AR AR F12 10 R BERH R 255k IR T
[ri) — £ 38 1 O TR
1.2 AE A=A
E IR K W48 | Vitek-32 42 1 Bl 40 18 45 5 AR (325 [ 2E W) A B

W H]) ,PCR 4 3G4, BER R R 42, Bst K v Bt DNA R4 i
) H New England Biolabs /A ] ; dNTP . DNA Marker i H =44
TREARATE ; B SRR S LA VR \HNB | Calcein
W4 A Sigma 2w ; BUEHE H AMRESCO 22+l ; 5144 W b
AR T A IR A A 521
1.3 &
13,1 407 DNA AR A /K 2002 S B AN 1 4k F 2 DNA

HEAN TR RN T8 FR B PR, 37 C b G . PRI TR
%T 100 wl AZEMWEIK 1,95 °C /K 10 min, 12 000 r/min B5.0>
5 min, JRHC FVEWAS . BUCETE 80 wl /2y LAMP 4744 &2 PCR
48 52N AR
1.3.2  LAMP 5|95 iHF14 1% B R i 4 1 e 28 A [ T
AIRK 25, A GenBank HHE i b i B2 40 4 B PN 187 OprL
HFSEE, R 1 B3t LAMP 5%, LAMP 5|4
PR ik : http :// primerexplorer. jp/e/. KR FE P14 i) DNA
43R 6 AL A X3, FRIEIX 6 A~ X384 55 LAMP 2R i
HH 3 XS54, 045 2 ZR40514) F3 B3, 9514 FIP BIP,2 J& 3
R 1, W ElA TAY TREARNRS A BRA "6 .

%1 LAMP S|4 5]

SlsaFr R KEE(bp) JPA1(5'—3")
F3 519 18  GCGTTGCCGCCAACAATG
B3 519 17 CATGCGGGCAACCTCTC
FIP N5 35  GTTGTCACCCCACCTCCGGGCGGCAACGTTCCTCC
BIP WNEIY 34 CTCCGTGCAGGGCGAACTGCAGGCGAGCCAACTC
LOOPL  ¥f5|4Y 17 ACCTGCCGTGCCATACC

LOOP2 54 19  GTTCATGCAGCTCCAGCAG

1.3.3  #URAY LAMP 4" 3% fic & LAMP [ i& & R 25 pl,
A145:1. 6 mmol/L FIP, 1.6 mmol/L BIP, 0. 8 mmol/L LF,0. 8
mmol/L. LB, 0. 4 mmol/L. F3,0. 4 mmol/L B3, 1. 0 mmol/L
dNTPs,0. 8 mmol/L betaine 8 mmol/L MgS0,,2.5 pl A9 10 x Bst
DNA E &1 Buffer,8 U BstDNA 47,1 wl DNA #4435 0
A5Gk 3 mmol/L HNB( B 625 wmol/L calcein 12.5 mmol/L
MnCl, ) B24] . BHE G E T 60 ~ 65 °Cfd i )i 60 min,80 C
Kk 2 ming DARGEK R BAMRT IR, 724 F 2. 0% S B A 1 .
KA

1.3.4 FempEilse  FIEST 0 LAMP J5 k4 5 4 B i
T T e T R R0 DA I R S 8 198 At P A o 8 T e 0 475 {2 B N
FARMR ML 12 1)) , B iiOWLEEd 38 740 , S6AiE 7 25 e e o
1.3.5  REPERE: RS B R AN B 25 RS 4%
R S DNA BIH, 45 HEAT 10 f5B0 BE AR RS, (15 IR ¢
TREVE BE o 17. 414 ng/pl, 1. 741 4 ng/pl, 174. 14 pg/ul,
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17.414 pg/ul, 1.741 4 pg/pl, 0.174 14 pg/ul,0.0174 14 pg/pl,
FH LAMP 71 PCR #:4600 . PCR KWK & H1 4245 0. 2 mmol/L
BJ ANTP. 0.5 U Taq [ .0. 2 pwmol/L B 1E 78] 4 .2. 0 wl 4
10 x Taq fiff Buffer F1 1 wl 1) DNA 4T, fi S5 #hBEEK E 20 wl,
S 95 °C 5 min |, FidE 94 °C 20 s; 62 °C 20 5572 C
40 s 35 MEH, 72 °C 5 min, 4 CAF, B2 wl ¥ 379 2%
TR ABEE LTk

1.3.6  INRARASHYRI  XPERA AT G0 5 A (40
35 7 B D s A ) ) 4 [D s, B b T ek ) A A A R i
T LAMP 350 PCR L4, 58 LS 45 77 W) 4 & IR AL 2 W 1Y
2% SIGHEEEIC UK , FHBERNR R GRS R

2 HR

2.1 LAMP Al 77 ik 69 32 3

DIATIFE BT B4R 5 5 |0 4 2% (B SR B 1 OprL S [R] iF
7 LAMP 3348 , 25 (00 B DATC R K R S AR, O G Al 4 7 ek
PR SR B XS B LR IR S o 2 S AR R TP A7 OprlL ik
I, (& A= LAMP 4738 526, 77 A K i R R B 1 G TLIE
SR EE ETt o HTERVHTA 1.0 wl #REE 625 wmol/L
Calcein, 12. 5 mmol/L Y MnCL, JR &, B 4% 1 (A0 Ry B
EIRIR NP, DL LA ST SONHTINAL O pl ¥R 3 mmol /T,
i) HNB [, Bifa iy 525 22 A8 Kk R Ik, T 1B 48
HIDKTR I 1C, HITKEE A 545 AR — 3,

- F O R + AR
A:Calcein a2 w45 % ;B:HNBH AR E R w4 % ;C. 4

TREER M:1 000 bp #7451 : R4 DNA = & 2t ;2: kAR A

Bl &5 mmeinsREE

2.2 LAMP 75 ik a9 45 e o 47

MM AT A 1.0 pl ¥ FE N 625 wmol/L calcein 5
12.5 mmol /L) MoCL iR WU, MIET 2A S sl 45 R i 3t
AL, FEER O RKIN BT o A 28 SRR W A i Ml B T
FEAR RV AE AR E 2 HAERVFTAIA L. O pl #EES 3 mmol/L
B9 HNB i, A 2B Ha] DU A 5 S fi S FH e B s 1o
HIBILEAE B T R €0 3R 7R Dy B, A i) 130 5% 8.3 R S B
P, BB S 1 BA BP0 3 Ju Rl as R
DRIE R A I 235 SR 3 Y AT S Al Y TR A A Dl o o IR 5
PG, TS L ) A 0 R A 0 24 2 B, T B AT T 57
M9 LAMP A0 7 i A AR R iR Sk o e 7a R 48 Sz Y 3¢
FORRHSE I L DKWL A5 R S5 4 3 7 W O A B (0 e e A — 30

Acalcein A4+ B HNB Je#t 1.2 G x8 ;2 4R E L0 H ;360
G R 4IRS AF 55 FHEN L LR ;6. I LB SR
RE T AEBREAFA S F AT LA 9. M X L F4FH;10:
MR AR 11 P AT R BT ;12 2 ER A RA 13 £m
;14 KMATHE

B2 2#MERFEHT LAMP &NASEARENERER RSN

M1 2 3 4 5 6 7 8 9 1011 12 13 14

M:ARfe ;12 s BRG2 AN GR AR 33 . 80 3 RAATH ;4 IFR R
AT ;S FAFA LRI ;6. A BERE;TEBREATH
Bk XA BRI 9: M KL FTMAFE ;100 KR 1153k
AARBRATA 122K EREHRA 13 EMRE ;14 KA R

3 LAMP &i$A&E L AFE SR EFEERREXKER

2.3 LAMP Fi% X5 PCR # i A T M4 GB LR E
09 B e

Bt 10 £ B B HR 248 S M 187 L DNA 4351 B LAMP
FSE A PCR SR, P 4 578 T LAMP 5503 f 46 I 45 5 51 (5
K, WK 4 i, Calcein 21 HNB 20 #6145 3] it 45 S A6 7] ,
LAMP SEARAG I B Ay 17. 414 pg/pl, &5 BT LAMP 2 fi
RIS SR, K4S s LAMP A AT 3K 17.414 pg/ul, 5
B B L R — 5, K6 R PCR RAGERIMIZE . SChhsh
R BIR PCR RN =4 /& 500 bp K/NP 14 54, PCR R fik
ok Bk 174. 14 pg/pl, LAMP 3 R 3 2 PCR REUER
10 1%,
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A:CalceinZe#t; B:HNB %4+ 1:17.414 ng/pl;2:1.7414 ng/pl;3:
174.14 pg/pl;4:17.414 pg/pl;5:1.7414 pg/pl;6:174. 14 fg/pl;7:
17.414 fg/pl;8. % & 3T 1

B4 2#EBEEHAE LAMP RIS BREMERBENEEIHT

M

Uy

11

1:17.414 ng/pl;2:1.7414 ng/wl;3:174. 14 pe/pl;4:17. 414 pg/pl;
5:1.7414 pg/wl;6:174. 14 fg/wl;7:17. 414 fg/ul;8 . % & -8
E5 LAMP %A HREMMHMREEBRXKER

1 000 bp—
500 bp— [

100 bp—

M1 2 3 4 5 6 7 8

1:17.414 ng/pl;2:1.7414 ng/pl;3:174. 14 pg/pl;4:17.414 pg/pl;
5:1.7414 pg/pl;6:174. 14 fg/pl;7:17.414 fg/pl;8 . = G AT B
6 PCR & RFHREMEHREERKER

2.4 LAMP F= PCR #ml& JRAT A 09 25 R 2f bk

A B 1 2 S B B A0 27 53 2 B P B A A, 12
151 BA P4 Xk BE A AR A 42 L DNA, P17 3517 LAMP 1 PCR A5l
LAMP J5 e e Va0 12 () FCAd 40 8 TR SUROVE . %o 27 43
PHAEFRAS , LAMP (945 1 4 (27/27) 5 PCR Bk H 3 (27/27)
LT

3 it

LAMP AR FE12 Wr A I 5 a1 345 1 1R 22 Bk,
EEAE I REE IS AT AN B e R Y
SEPESE RGN 1 L R 3h W IR G T ) e e A
o A58 o F FH ER A S E AR TR Y 38 J7 1251 X
S A P TR R S R TR Oprl B[R LAMP 5[4, Jf:
FHAZ5 140 A0 R 8 b A 00 1) ) 2 Al B B 1 . Kaneko
ARG % B, LAMP R i #2 e PCR B R 5 3% 3]
Il PRIEAS 4 AN [RI 20 53 0952 ), AN 28 N FEAS
glifk DNA 3k, {H PCR [ v #14 I AMJE DNA 3%
R ity o A R R B AR TR A R B . Fir L LAMP
21 PCR J5 i B3 T I PR FE AR SR ekl . LAMP
BABAFTE A B R BRE X5 2ok, F it 2
XF5 145 SR 1G 1 #E P H1 K BEAE 300 bp LA E; HLIK
FHAME SO S B B 2ty , — B AR B R e R 3 AN 5
Yo s B TIZEE T R IS 2 5 g, e B AR
P ARBFFTIET LAMP SN A7 Bialifh DNA 94§
F R KB R IR R 2 DNA, J A4 A R ) 4, 452
FERTE, HAFZE — G /KRB DRI AT 5B . 5
DNA $2 a0 GoAH L5 29 1 R B ] AR AR

LAMP 434 | i HATE 6 25519 575 8 4~
GG X e VLR RS OL T A RN AT, B S
W= T HM PCR(2 &5 58P 5] 2 D454 XL
e ), A R BRI T 4738 S0 A A JiC 5 S 30 B A 7 B
B SONAEFE IR B T HEAT 1 ~ 1.5 h 2 —FhRER vk,
FRACE T % ML PCR J7 370 A e o A T 2 R
LAMP 4 34 [ )37 1) 45 SR 40 8 A F K L L B2 4 B R g k)
e A A5 =X, e g B e ) AR Akl T i,
LY Bt 45 SYBR green'™’ | Picogreen' ™! | fill fk 15 B
( Propidium iodide ) "' | HNB'”' I Calcein'® % H rf
HNB #1 calcein J2& W AT AL, FIKT 45 R TC 7 F1 7T =g
8L T A S LS BT AR T
HNB FI1 calcein YR 44},

AHHFE BTN ] HNB Fl1 Caleein 5 GLtsh (1) 1 £,
A F E LAMP H ARG IR 2 (B AL B OprL JE [, JF:
IR S, RABPE T TS PCR 45 5 AH Fodc . DS 45
Snr i @2 Pyt gl LAMP 351 PCR A& #f H X
SRR TR 1Y) OprL B& R 2B 97 38 Sy, A 28 LI
N, RS PEL; @2 Akl LAMP P34 5 0% A1 [,
HB AT LAl Dy b e 0 2 e B2 A 17. 414 pg/pl 1) & DNA,
1M PCR ¥ () S AR AG I e oy 174, 14 pg/ ., [R]I) 2R
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FH PCR Fil LAMP P47 R I 27 7 ] 2 B B0 B0 TR A A%
gEIL ] LAMP (27/27) #1 PCR (27/27 ) ¥ H A1 24,
LAMP 775 AR 38 i B A 2, H R 45 AR 1 i L e
D R R, 7E 65 CHHRN 1 ~1.5 h,
S 235 S J R I 235 R mT P PR IR L2 2 g A PN e A b
AR Y O TTTE A 5 7k H o, Jo 77 B UK A
JIT A3 FH 6 B0 A 5 1 RN T3 A= P By X A e o
PR A, S R B 1T 5 0 R ARG 3 B, e
TR A

YAk 11 ] 42, HNB 2 LAMP 3 £ [, Calcein
i 10 45, MA L0 & AE— 22 LAMP rf HNB 25
5 Calcein A RE AR, T — 2B WP FATHS 8 1 2l
AR SEL, AN VAR R | i — P4 E% T
P AL I P T 2 041 R T S A 45 2, S8
WITIEEREZ T 2 N o
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