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1. PNARETFS
Table 1. PNA probes used in this study

Probe name Nucleotide sequences (5'—3') and fluorescent labeling Probe location base No.; GenBank accession No.
BacUin CY3-CTGCCTCCCGTAGGA -

BacUin-mb CY3-CTGCCTCCCGTAGGA-BHQ2 -

Lm-16S-2 FAM-TAGTACAAAGGGTCG 1247-1261; FJ434468

Lm-16S-mb FAM-TAGTACAAAGGGTCG-BHQI1 1247-1261; FJ434468
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2. —imtRIC A EIBPNARSHRMER 4R
Table 2. Results of PNA probe liquid phase hybridization

Hybridization results

Strains Probes Detection methods

N2 1 2 3
L. monocytogenes  BacUin Scanning” 0 ¥ IS T+ Tt
NCTC7973 — 0 _ ok ek
Microscope’ - - - + +
Lm-16S-2 Scanning 0 FH+* +4* ¥ +++
- 0 - - +++
Microscope - - - — +
L. monocytogenes  BacUin Scanning 0 -k -+ =+ ++
EGD - 0 ++ ok ++
Microscope - - + + +
Lm-16S-2 Scanning 0 -k +H++ +++ ++
- 0 —¥* +++ =
Microscope - — + + +
L. monocytogenes  BacUin Scanning 0 -k -+ =+ ++
SLCC2755 — 0 ek T+ Tt
Microscope - - + + +
Lm-16S-2 Scanning 0 ok 4+ ++ 4+
_ 0 4t sk S
Microscope - — + + +
L. monocytogenes  BacUin Scanning 0 -k -+ =+ ++
54002 - 0 +++ ++ +++
Microscope - - + + +
Lm-16S-2 Scanning 0 ok 4+ ++ 4+
- 0 +++ ok ++
Microscope - — + + +
L. seeligeri BacUin Scanning 0 -k =+ +++ ++
ATCC35967 _ 0 sk T+ T
Microscope - - + + +
Lm-16S-2 Scanning 0 ¥ Ak o _
- 0 - +4* —
Microscope — - - - _
L. innocua BacUin Scanning 0 -k -+ =+ ++
ATCC33090 - 0 +++ +++ -+
Microscope - - + + +
Lm-16S-2 Scanning 0 % / _ e
- 0 - - 4%
Microscope — - - - _
L. ivanovii BacUin Scanning 0 -k =+ ++ ++
LiO1 — 0 4t ok ek
Microscope - - + + +
Lm-16S-2 Scanning 0 ok Ak o _
- 0 - ¥ —
Microscope - - - _ _

* —: scanning value<0; 0: set as negative control; +: O<scanning value<X10; ++: 10<scanning value<100; +++: scanning value>100; /: no
numerical display. = —: no positive result observed by microscope; +: positive result observed by microscope. *false positive result
comparing with the result of microscope observation. ** false negative result comparing with the result of microscope observation.
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3. FFIEFRPNAREHRIB SR
Table 3. Results of molecular beacon based PNA probe liquid phase hybridization

Hybridization results

Strains Probes Detection methods

N2 1 2 3
L. monocytogenes  BacUin-mb Scanning” 0 ok S _ Tt
NCTC7973 _ 0 S _ .
Microscopeb - - - — +
Lm-16S-mb Scanning 0 - ++ +* ++
i 0 +++ - +++
Microscope - - + _ T
L. monocytogenes  BacUin-mb Scanning 0 % =+ ++ +++
EGD - 0 +++ +++ ++
Microscope - - + + i
Lm-16S-mb Scanning 0 - +++ ++ ok
Ak 0 +++ +++ ++
Microscope - - + + T
L. monocytogenes ~ BacUin-mb Scanning 0 +* +++ ++ +++
SLCC2755 - 0 ++ +—+ ++
Microscope - - + + i
Lm-16S-mb Scanning 0 +* +++ ++ +++
- 0 +++ ++ ++
Microscope - - + + T
L. monocytogenes  BacUin-mb Scanning 0 4k =+ ++ +++
54002 - 0 +++ +++ ++
Microscope - - + + i
Lm-16S-mb Scanning 0 R 4t A+ T+
- 0 —¥* +++ +++
Microscope - - + + T
L. seeligeri BacUin-mb Scanning 0 ++* +++ ++ -+
ATCC35967 _ 0 T+ Tt .
Microscope - - + + i
Lm-16S-mb Scanning 0 _ _ 4 _
% 0 -k s -
Microscope — - - - _
L. innocua BacUin-mb Scanning 0 - ++ b ++
ATCC33090 ++* 0 +++ +++ ++
Microscope - - + + i
Lm-16S-mb Scanning 0 4 Sk _ _
_ 0 _ _ _
Microscope — - - - _
L. ivanovii BacUin-mb Scanning 0 ¥ -+ ++ ++
Li01 - 0 +++ -+ +++
Microscope - - + + i
Lm-16S-mb Scanning 0 - 4k _ _
+* 0 ¥ - _
Microscope - - - _ _

* —: scanning value<0; 0: set as negative control; +: O<scanning value<X10; ++: 10<scanning value<100; +++: scanning value>100; /: no
numerical display. = —: no positive result observed by microscope; +: positive result observed by microscope. * false positive result
comparing with the result of microscope observation. ** false negative result comparing with the result of microscope observation.
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4. AMPNARSTEAREZT BB TR ZEMEA MR
Table 4. False positive/negative rate of two PNA probe types with different blank control

False positive rate

False negative rate

Probe type Blank control
Total® Net’ Total Net
PNA probe NI 31.4% (22/70) 11.4% [(22-14)/70] 0 (0/70) e
N2 4.3% (3/70) - 18.6% (13/70) -
%22@?f5¥?&?§§§§2 N1 21.4% (15/70) 8.6% [(15-9)/70] 1.4% (1/70) -
N2 12.9% (9/70) 5.7% [(9-5)/70] 1.4% (1/70) -

*: Total=all false positives/all samples. *: Net= (all false positives-false positive results from blank controls) /all samples.

‘: no corresponding value.

PERN21.4%, JHFEN22S T HE 1 Al A s B4
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BaE, WSO CHEEHBRI R . HikE
N2 R 25 FIXTRES, (RBHMER R 12.9%, I N1
B SAME AN, TR A 5.7%, (KT LINTY
25 I 198.6% 5 B FAPEAR A LANT R4S 11 % BRI AH
[, #B1.4% (1/70), #%Lm-16S-mb5L.
seeligeri ATCC35967, L. innocua ATCC33090, L.
ivanovii L0122}, TEiE INTEN2AE 25 FXF
O S R RE VST ik Yy el SR e e
PALm-16S-2 848526, R38R, #R¥Lm-
16S-mb A1 FAZ Al i AT RE L. monocytogenes
NCTC797345¢ 0}, M ZWAAR, 3424
A5 R Z 5 A BE PR X B ET BacUin-mb 2238
BF, 34NN HA ANy, SXCRIFR2 145 AR
AR FMREF OGS R nl| FaR A R FNR3M A~
e, HSEgR, R ARMRET 24 A 1 S
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AR, FECFIXAFMRET 2258 ) R HR AL H
100%., SEEH, 54 Lm-16S-mbFl H bR #2258 1Y
WINFEH91.7% (11/12), #%BacUin-mbHl H AR
FI 2432 BN N90.5% (19/21) .

2.3 EFEPNAGTE IS TEIRPNATREH BAHZRAZ
HERIE

0T B Ak T G R LR Y R
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Molecular beacon based PNA-FISH method combined with
fluorescence scanning for rapid detection of Listeria monocytogenes

Shan Wu, Xiaofeng Zhang*, Jiangbing Shuai, Ke Li, Huizhen Yu, Chenchen Jin

Zhejiang Academy of Science and Technology for Inspection and Quarantine, Hangzhou 310016, Zhejiang Province, China

Abstract: [Objective] To simplify the PNA-FISH (Peptide nucleic acid-fluorescence in situ hybridization) test,
molecular beacon based PNA probe combined with fluorescence scanning detection technology was applied to replace
the original microscope observation to detect Listeria monocytogenes. [Methods] The 5’ end and 3’ end of the L.
monocytogenes specific PNA probes were labeled with the fluorescent group and the quenching group respectively, to
form a molecular beacon based PNA probe. [Results] When PNA probe used for fluorescence scanning and N1
treatment as the control, the false positive rate was 11.4%, and the false negative rate was 0; when N2 treatment as the
control, the false positive rate decreased to 4.3%, but the false negative rate rose to 18.6%. When beacon based PNA
probe used for fluorescence scanning, taken N1 treatment as blank control, the false positive rate was 8.6%, and the
false negative rate was 1.4%; taken N2 treatment as blank control, the false positive rate was 5.7%, and the false
negative rate was 1.4%. Compared with PNA probe, molecular beacon based PNA probe can effectively reduce false
positives and false negatives. The success rates of hybridization of the two PNA probes were 83.3% and 95.2%
respectively; and the rates of the two beacon based PNA probes were 91.7% and 90.5% respectively, which indicated
that labeling the both ends of the PNA probe dose not decrease the hybridization rate with the target bacteria.
[Conclusions] The combination of liquid phase PNA-FISH and fluorescence scanning method, can significantly

improve the detection efficiency.

Keywords: PNA-FISH, molecular beacon, fluorescence scanning, Listeria monocytogenes
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