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Abstract: In this work, a real-time fluorescence loop-mediated isothermal amplification (LAMP) assay was established to detect
Pseudomonas in pork. Based on the published 16S rDNA gene sequence, the 16S rDNA genes of 62 strains of Pseudomonas were sequenced by
DNAMAN software to obtain the consensus fragment, which was used to design primers. The saturated nucleic acid dye Eva Green was added
to the reaction system, which allowed amplification products to be measured by real-time fluorescence platforms. The amplification system was
optimized and the optimization results were identified by electrophoresis. The specificity and sensitivity was compared with ordinary LAMP,
and the detection limit of artificially contaminated pork was determined. The results showed that 12 strains of Pseudomonas are positive in the
specific verification and 23 strains of non-Pseudomonas are negative. The sensitivity for Pseudomonas is 36 CFU/mL in pure cultures, which is

10 times more sensitive than the ordinary LAMP. The detection limit of artificially contaminated samples is 1.73x10° CFU/g. In this work, a
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method for detecting Pseudomonas in refrigerated pork was established, which can simultaneously detect Pseudomonas spp. and avoid the

limitations of single species detection. The real-time fluorescent LAMP detection technology established in this work is less time-consuming,

accurate and has high specificity and sensitivity. Pseudomonas in fresh pork could be detected within 2 hours by this method.
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Table 1 Primers used in the LAMP

HEZ 73] (5-3")
F3 GGTGACAAACCGGAGGAAG
B3 AGGCCCGGGAACGTATT
FIP ACCGACCATTGTAGCACGTGTG-GTGGGGATGACGTCAAGTCA
BIP CAAGCCGCGAGGTGGAGCTAAT-CGAGTTGCAGACTGCGATC
F2 GTGGGGATGACGTCAAGTCA
Flc ACCGACCATTGTAGCACGTGTG
B2 CGAGTTGCAGACTGCGATC
Blc CAAGCCGCGAGGTGGAGCTAAT
LF GGCCGTAAGGGCCATGA
72 LIAE
Table 2 Bacterial strains used in this study
| 5 BB FTX R
1 AR Pseudomonas aeruginosa ATCC15442
2 AR Pseudomonas aeruginosa ATCC27853
3 ARG IO Pseudomonas aeruginosa CMCC10104
4 ARG B0 Pseudomonas aeruginosa ATCC9027
5 ARG B0 Pseudomonas aeruginosa GIM1.46
) 6 % RAB RO Pseudomonas fluorescens GIM1.49
REFOHE o )
7 PR Pseudomonas alcaligenes CGMCC1.1805
8 R BB EIE Pseudomonas pseudoalcaligenes CGMCC1.1806
9 Ry Rt N Pseudomonas putida GIM1.57
10 HKABEIOE Pseudomonas stutzeri CGMCC1.1803
11 1% F BRI Pseudomonas mendocina CGMCC1.1804
12 T SRR B Pseudomonas putida 1805p
13 L@ EHATH Proteus vuigaris CMCC(B)49027
14 A AT Enterobacter cloacae CMCC(B)45301
15 FEAATE Enterobacter aerogenes ATCC13048
16 FEAATE Enterobacter aerogenes CMCC45103
17 KB E KA Serratia marcescens CMCC41002
18 FREHATE Proteus mirabilis CMCC49005
19 BRER KA Shigella flexneri ATCC12022
) 20 FEBR 3 REATH Acingetobacter nitrate NICPBP25001
S| ZEE ] _ N
21 0% THIH Acinetobacter baumannii ATCC19606
22 2¥HEHHRE Staphylococcus aureus ATC(C25923
23 LR Listeria monocytogenes ATCC19115
24 INHEEP K IR RARKE Yersinia enterocolitica CMCC52204
25 KIAFH Escherichia coli ATCC25922
26 R TTR A Salmonella enteritidis CMCC50335
27 B EIITRE Salmonella typhimurium ATCC14028
28 RRER KA Shigella sonnei CMCC(B)51592
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29 EEEFARA
30 B AT H
31 EMIRE
32 A AT H o B AR
33 A AT H o B AR
34 A AT H o B AR
35 EEEFARA N BH®R

Staphylococcus aureus ATCC29213
Enterobacter Sakazakii ATCC29544
Enterococcus faecalis ATCC29212
Enterobacter Sakazakii 2864cl
Enterobacter Sakazakii 2991w
Enterobacter Sakazakii 1541 Al1-1
Staphylococcus aureus 2868B2
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FEHGAT G T IR

XA LAMP 3738 [ B RISR A A TRR R AR AL, B
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FE(0.4. 0.6+ 0.8, 1.0, 1.2, 14. 1.6, 1.8, 2.0 mM),
FHSEHRARE (0. 0.1, 0.15+ 0.2, 0.25. 0.3, 0.35. 0.4
M), WAk EE LL(F3/B3: FIP/BIP=1:1. 1:2. 1:4.
1:8, 1:10. 1:12. 1:16, HH, 1=02 uM/L, LF:
FIP/BIP=1:2), #" 1I}a] (20. 30. 40 50+ 60+ 70 min),
B KGRTE (584 594 60+ 61 62 63+ 64+ 65 66, 67 C).
ARV ZEAFARAN I 45 FE I A F vk AT IR T
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FERh SR R R M B bR ifE R bR ATCC 27853 T NB
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UFRIREN 25 g, QEJE B TH6H 225 mL WA H R
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(R 2 Fios) SiRsF=IRAY, i 1 min, F
AR CFC B MR IR AT VRT3 e 2R
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PR . MBI FRBEREREA FEC T mL, 900 g &0 1
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Fig.1 Optimization of LAMP reaction conditions by agarose gel

electrophoresis

7E: M %7 DL2000 DNA Marker; B a # 1~6 ki#K &
Mg #IREARK A 2. 4 6. 8. 10, 12mM; B b F 1~9 kit
R ANTPs #REARK A 0.4, 0.6, 0.8, 1. 1.2, 1.4, 1.6, 1.8.
20mM; B ¢ ¥ 1~8 FkiE AR A E AR EARA N 0.0.1,0.15.
0.2.0.25.0.3.0.35. 0.4 M; B d % 1~7 s#i# X4 F3/B3: FIP/BIP
B HUARIK A 1:1. 1:2, 1:4. 1:8, 1:10. 1:12. 1:16 (1=0.2 uM/L );
e ¥ 1~10 REREY IBEIRKA 58, 59, 60. 61. 62.
63. 64. 65. 66. 67 C; A ¥ 1~6 RANEI IGHTARA A
20. 30. 40. 50. 60. 70 min.

®R3 N SFRY TR
Table 3 The LAMP reaction mix

IR A RAETAERE
Mg** 6 mM
dNTPs 1 mM
T 03M
F3/B3:LF:FIP/BIP 1:4:8 (1=0.2 uM/L)
BKIRE 65 C
I 3gati 60 min

K1k EE B, RATEE LAMP 38814k Zrp Mg™,
dNTPs. =08, F3/B3: LF: FIP/BIP. iB-kKiRJE.
PBG S 8] B A TAE SRR 3 B

2.2 LAMP @l {630 W B i 4 57 1

LAMP 38 5 7 4 S it 12 MR R i B AN
23 FRAEE A M B I0AIE . WPl 2 B, 12 AR B s ik
BIAMEETER) LAMP § 3862615, 107 23 PRAFER MR
HNZS PO FRSSTE 56 7 A . G AR AU L
(1) LAMP 4 B4k 255 Rt 4f

a M1 234567 8 9101112CK

2000 bp
9% % :
500 op RS AU RSEE SR
250 bp PR

100 bp

o -

M1 234 567 89 1011 1213141516 171819 202122 23 CK

b

2000 bp
1000 bp
750 bp|
500 bp
250 bp.

100 bp

B2 LAWP & R4 MEAMIEE SR
Fig.2 Specificity of LAMP reaction
7E£: M &% DL2000 DNA Marker; & a A8 0e0H LAMP
YRR, 1~12 FERARER 2 POBELRAH®K B
b A AHERICE LAMP &3 B 4R, 1~23 kiR KAk 2

FABELILH B CK AT asti.
4 SERTTEE LAMP FiEiE LAMP AR 8 R A i S R BUE
R

Table 4 Sensitivity of the real-time fluorescence LAMP and
LAMP when detecting Pseudomonas in pure culture

B 3 IR THRER"
/(CFU/mL) ZE X LAMP L8 LAMP
3.16x10° 3/3 3/3
3.16x10’ 3/3 33
3.16x10° 3/3 3/3
3.16x10° 3/3 3/3
3.16x10* 3/3 3/3
3.16x10° 3/3 3/3
3.16x10° 3/3 3/3
3.16x10" 2/3 0/3
3.16x10° 0/3 0/3

LAMP 4 8 5% A A R 225 SRE B T W e 152 Fe ik
] e % (A I S5 T PR E e AR . AR
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Fig.3 Sensitivity of the real-time fluorescence LAMP when

Fluorescence

detecting Pseudomonas in pure culture
E:O1~T BRRE A 3.16x10°. 3.16x107. 3.16x10°,
3.16x10°, 3.16x10%. 3.16x10°. 3.16x10°CFU/mL; 8 = éxt
R,
M123456728910

& 4 il LAWP 1M R ME ISR R EELSR

Fig.4 Sensitivity of the LAMP when detecting Pseudomonas in
pure culture

E: 19 BARREA 3.16x10%, 3.16x107. 3.16x10°,
3.16x10°. 3.16x10*. 3.16x10°. 3.16x10°. 3.16x10'. 3.16x10°
CFU/mL; 10 % FM2TEE; M &= DL2000 DNA Marker.

M CFC PR tERr TR T 4 R IR i 4k
AR E A 3.16x10° CFU/ML, 10 {546 R fa #E1T
ST et LAMP ARESE LAMP REUZAGI, Hdsk
R 3. B4 o, B3 SR, 1~7 SE R
g, CNFEMET R, TEXRE (8 SED KRHIYT

PRV BB TEY 18 (% 4), RIS %% LAMP 3
38 5 NI R U K 3.16x10" CFU/mL. & 4 Bor, 4
RO 9 3.16x10° CFU/mML I, HaIk&s 5 SR A
ST A SBURIKE N 3.16%10" CFU/mML i 2
o4&, ROPIIE LAMP 338 R 1 R BN
3.16x10° CFU/mL. R Fhish H R A seig s
5%t LAMP 4734 R U L@ LAMP 434 R 5%

10 5.

24 LAt LAMP Al A T 7 e 4

R T B A B AR ) TR

R CFC MR A S R R AT
75 Y = ANRE 00 JE AR TR VRO RE Sy i o 2.39x10°
CFU/mL. 1.73x10° CFU/mL. 1.78x10° CFU/mL, £
10 F5BhEEMRE S REATSER 5780 LAMP ¥ 3 B, 4™
WEERWE 5 R, 1~7 SE DY g, Ay
1, IR S Fra, ZURBST ARSI AAS RS 107
CFU/mL, UtBARSZI st o s LAMP 71 [ i
TIN5 Gt P e B T A= W s e By
1.73x10°CFU/mL, R 1.73x10° CFU/g. ASZiH AT
TSR SRR AT T T
0.8
0.7 1
0.6 |
0.5+
0.4}

03|
02+ 2

Fluorescence

o1k
0.0 [ ,
0 10 20 30 40 50 60 70 80 90

Cycle
[El5 SERTIRE LAWP 130 A TiSaht S PRy L iR
Fig.5 Determination of detection limit of real-time fluorescence

LAMP for artificially contaminated fresh pork
E: 1T FRRE A 239x10%. 2.39x107. 2.39x10°,
2.39x10%, 2.39x10*. 2.39x10°. 2.39x10°CFU/nL; 8 A =&t

. T 3.16x10" CFU/mL IR,

NV ELE
R5 LRITE LAWP # A Tis Rt sE e

e,

Table 5 Detection of real-time fluorescence LAMP for artificially contaminated fresh pork

R RO 32 F- 49 R /(CFU/mL)

B L 33354 R E/(CFU/g)

LI LAMP 7384 £ °

2.39x10%, 1.73x10%, 1.78x10°
2.39x107. 1.73x107. 1.78x10’
2.39x10%, 1.73x10°, 1.78x10°
2.39x10°, 1.73x10°, 1.78x10°

2.39x10%. 1.73x10°. 1.78x10°
2.39x10%, 1.73x10%, 1.78x10°
2.39x107. 1.73x107. 1.78x10’
2.39x10% 1.73x10°, 1.78x10°

3/3
3/3
3/3
3/3
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#LER

2.39x10*. 1.73x10%. 1.78x10* 2.39x10°,
2.39x10°. 1.73x10°. 1.78x10° 2.39x10%,
2.39x10%. 1.73x10%. 1.78x10 2.39x10°,
2.39x10". 1.73x10'. 1.78x10' 2.39x10%,

1.73x10°. 1.78x10° 3/3
1.73x10% 1.78x10* 3/3
1.73x10°. 1.78x10° 3/3
1.73x10%. 1.78x10? 0/3

3 Zhig

3.1 HTEFYRFEE UL AR S AR IR A
Re s MBI EIRI A, SRR 2 R, 1
PRI PR R AR A A 7 O B T R A 35%, oAl
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SRR T, v R R B R PR s A%, S
AR RIS, IR D 25k

3.2 AREERT B MO A EUE TR B A
TEENBIEAE, A R BRI B B M 4
Sl R, IR E G RA . T RR. R
T, W B R R TR A T B RIS o 2 2
JEWMEE, WHOEFAME . SR iE. BRI
MO SE. EHOMR PR B A SRS IR T EH
TG IR S B . DRI . T AR
Mom . AAEIRAEE . BRSNS
KT s, B, BRnERAEEN. 9.
2P R, I SEEY AR RS T AR
B w56 L 82N NPT B o N S Wb O 8N T i
AEHIIE, HAh, HTAEERIR OS2 M)
HEEHRGEER, Bk, @35 —MEAKE BN HAE
YOI TT %, ohsk VA PR B IO B 2257 40 ok B
=

33 TR, LAMP 9 HHORAE B b 22 A il i
NSRS, 7EEE LAMP 338 i il iz
TR SR LAMP # 38H AR . fEAR R AN
Jegekl, AT LU B8 S N, 3k G T 8 LAMP
T a2 AR 5 4, [RIRT IR G 153G S N 45 R
JE NN GSR B TR W 7= 2R e R 22, HLsizbe
J§E ] 4 52 57% . Haifeng!'45 \ I I S2i %¢ 6 LAMP
RIS BRI, A E SR T AR D 2]
6.4x10" CFU/g, LLASHFFLE B R BT 10 15 5
s NP SEi 5E 0 LAMP 53598 LAMP #ai4-
FLA SRR SR AT BT 7 HUER, G SRR RS 9t
LAMP 7£ 20 min A ] ik 8.2 CFU/mL FI R BUE, &3
W LAMP REER 10 1% Ye 5 APORIF seif 266
LAMP 25 ) Bt A= iR B AT 7 R, HLAGH
RN 10° CFU/ML, FLepsba=tipki g APT % 4 Fse
I 5% PCR fRi e, P, $550Em; Wang 25 AP
TR 51, SRt LAMP A&
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T 4 BT BRI IORIIR 10 £/, REE
TSR . T BRI TR 2 N 4 T
TIPSR AR R . A, S
SAMH IR, TR R B . PR T 1
oA R R AR R T i, T s AP
ZTUE 4 h J5, SERFPE LAMP RAS P b TR
T 1 R BUEIES] T 450 CFU/g, RIS Af ddh AT
HIAL TR LAY 53747 58 (s e B s A U A BA
HERE .

34 AHHFCERALISER SO SRR G SN,
Bt TR 2 1) 16S tDNA BET 5140500t 45k
IUAE, %5V, OREY I H R R R R 1Y
WA, R, AR RAFIIIEF Eva Green 44k},
BRI SN 5O E B PCR AGHAT RN A1,
S A T H AR M OG5 5 19 A AR T
I R A A A A R P R O A AR
IR, WILASEI RN B AE R, AR R U
FERFIE LAMP RIS 10 £, (EAERUSEMLE T
N5 Jeptsh i iR 1.73x10° CFU/g, AIFE 2 h
P 5E R E AR R RSN o

3.5 SERFUIGHAT IR HY SN A I A i
(2 A R SRR B T Rk 77 v, (LR H BT
BT R Tz ey S R R e
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