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Fluorescent MIRA assay for the rapid detection of Clostridium perfringens in food
ZHANG Shicai', DING Weiping', YI Tingcun®, ZHANG Rui', ZHU Fugiang',
CUI Junfeng', HUO Shengnan’

(1. Binzhou Testing Center, Shandong Binzhou 256600, China;

2. Shandong Institute of Food and Drug Control, Shandong Ji’nan 250101, China)

Abstract: Objective To establish a rapid and accurate molecular method for detecting Clostridium perfringens (C.
perfringens) in food using fluorescent multi-enzyme isothermal rapid amplification (MIRA). Methods Primers and
probes based on the conserved sequence of the C. perfringens alpha toxin-coding gene plc were designed separately, and
the fluorescence MIRA method was established and optimized. The genomic DNA of 17 non-C. perfringens strains were
extracted for specificity verification, and the isolated DNA and bacterial solutions of different dilutions were used for
sensitivity evaluation. Matrix interference testing with 4 types of food media was also performed to evaluate the stability of
the method, and the actual sample detection results were compared with the standard method to verify its practicality.
Results The fluorescent MIRA method for C. perfringens used in this study had high specificity. The results returned
negative for other non-C. perfringens strains. MIRA also had high sensitivity, with detection limits of 1. 05%10" fg/uL for
genomic DNA and 7. 5%10° CFU/mL for pure C. perfringens cultures. It also had a strong anti-interference ability; the
detection results were not affected by the matrix, and the detection time was short (approximately 20 min). Conclusion
This study developed a rapid, accurate, sensitive and specific fluorescent MIRA method for the molecular detection of C.
perfringens in food.
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Figure 1 ~ Schematic diagram of fluorescent MIRA
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Table 1  Sequence of primer and probe for fluorescent MIRA
. 519/ BE Y R B
Hk <
A 55 191 /R T 5 KB /b
ple-F 5"-TGAGTCATAGTTGGGATGATTGGGATTATGCA-3’
ple ple-R 5'-TCCAAAATACATGTAGTCATCTGTTCCAGCA-3’ 209
ple-P 5'-CTAACTCTCAAAAAGGAACAGCGGGATATAT[FAM-dT|T[THF][BHQ1-dTJAGATTCTTACACGAT-3'spacer
K2 FHCMIRA B K H B USROK B, BOE RO 9 mL, AT 1 mL1. 2. 17
Table 2 Reaction system of fluorescent MIRA B P R R B Al TR IR AT L A I 4 Rh
HY /L - S 4 S < ¢
T A FRREHEAT 10 f75 65 HOB 98 , 40 R BEIR 1 L 410
319 F(10 pmol /1) 2.0 1815 BEAT IR AR L, % AL 1Y POt MIRA J7 3% it
514 R(10 pmol/L) 2.0 el
A (10 wmol /L) 0.6 kil L )
Bt 2.0 1.2.8  SEhRHE A
s by W40 Gy 5 B BRG0G0 1 b ORE A B
&t 50.0 “L2. 77T AN B VYR LA 1. 0~1. 5 mL £ G

W8 30 s R 1 IRIOLFES . B THRE BN & 52
Wi 2¢ A5 5 5 B, TR B I AR R 1 R B 40 )
WhN0.4.0.6.0.8.1.0.1.2 pL ¥4, [ A L) ddH,0
SRy RS A IS P X R A O A S B A AR
RN
1.2.5 %6 MIRA $7 iR 56

XFUL 1017 H 6 Bk IR B AT 17 AR I
Ak 7= A AR T R SO TR AT R T R AR
LR UL R 41 DNA , # JRAR AL 19 980t MIRA 35T
BN AR B PR AT R I, X% 07 ¥k 0 S R AT
Bk
1.2.6  %¢)6 MIRA 7 855 iR 5

SR 4 DNA A4 7 B0 A D - 4 A =k 4 B
B 72 AR AR B L R 41 DNA R IR BEAT 10 £ 6 18
R B, 40 B 2 WL AS [ 5 B B2 A 26 R 2 DNA S
i, BEAT 7 B0 DA

PR A S BCRE R < K B R 0 7 R R T T
W, 0. 1% 25 Rk BEAT 10 A% 6 B2 B B, i 4%
107'~107" R B 7 BEWE , 43 1) DA AN [) 7 8 32 %) W v
WHC 1. 0~1.5 mL 2 JC B B0 B 1 PR AR R 4R
4 B HE 4L DNA, e S R R & R B AR 4
GB 4789. 13—2012¢ & & & 4 H Zhr il & i EY
SR R JE AR TR A 50 ) vk AT B TR O A
T4
1,207 A i 5 X ARG D0 58 80 19 52 3 56

2T AR B A E DNA A 5 FE &
R YR R ATV, AR 5 B R o v Bl W A R R
b 2 S5 X A 1 4R BT ARG 00 R AR 1 5 L O PF A
ZIT LR EE . 3 ELZ GB 4789. 13—2012 J5
PG AS 5 7= SIERAR T - A R S A A
B L0y KRB S 4 FRE 25 ¢, A 225 mL 0. 1%

PRS0 A5 TR DR T 4 BROBE R 4 DNA 4% R 5O
MIRA ¥ fil GB 4789.13—2012 J7 ¥ 6] i} ik 17
e I
1.3 Gil2tr

St 9O E it PCR X A% iz 17 804, JF 8 i
OriginPro 2022 AR T, RPLZERLS7 ALY 1
Mk H C<35, W BATESS R TY 1M £k, B €40 5(
AL R B S5 s W 2R 35<C <40, MK 1 Ik,
T h 35<C <40, T Sy PH 4 45 5

2 H#R
2.1 P MIRA J5 ik i s Ml 1k

Fo 40 & U B B X 51 ) AR BT 2E AT 0 20 s
DL H 5 5 2 K 20 DNA SHBH , ZE I 0. 6 pL 484t
R AT, B ST R 1 il £k (18] 2A) , 52 1]
%51 YRR AT AL 35 TR AR T R L R R B
P

TEF 2 FEfl b 4% AN 6] 2R 5T 45 i o e B I A4
F L HEAT RN, AN [R] B S 0 i 4 B A AR T kY
2R, K 2 R 38k B (IR 2B) o B A
B, 9O 5 B AR AT B G R S 1. 0>1. 2>0. 8=
0.6>0.4, % ¥E A 1.0 pL AR AFEHE R M. 4
b IR R AR Ry A 29. 4 wL. 5]
WA 2 pL AR5 1 pL BEH 2 pL.ddH,0 11.1 pL.
ZZPI B 2.5 pl.
2.2 FERMlE g R

I3 DL 6 B A8 AR L PR ZH DNA R At
17 T2 A LR 41 DNA SRR , 17 Re S P il g . I
J7 VAR 6 MRy A SE B AR T B R I BH A 6 Al 17 Bk
P ARK o I R R W Y2 MIRA %
PRI B B R R S
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Figure 2 Establishment and optimization of fluorescent MIRA
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1. 0510 fg/ L, FEAT KGN o 25 5 £ B, 2¢ 6 MIRA
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Figure 3  Sensitivity test of the fluorescent MIRA
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Figure 4 Sample matrix interference test
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Table 3 Results of actual samples test

[ s i 13 %
e 28 F G PG MIRA ¥ GB 4789.13—2012 %
X0 PR B A 10 1 1
A P B 10 1 1
AP SR 10 1 1
At (R e FL A 10 0 0
3 iFig

H R R 5 YOI R 4l 4t
2k LA R I () B 1 e T S FE A A1) A R B A
ST P R RS W T 9 A 2 i VR O T AR
BI P R AE  R T DL R it e S DA T 5
O 3 2 (BN 7 SRR TR ATE 9T i AN B TR o

AT 58 HE ST A 2t MIRA T 78 R 8508 Ty 1 418
PR DASE AL DNA S BB R i IR 0 B AT LA
K E] 1.05x10" fg/pL, LA B R Ay A5 R Ao 5 I G T PR
K 7.5%10° CFU/mL, 1fij X 37 5% %5 @ 57 f RPA Jf
A 2H DNA SRR R 1. 3 pg/wL, M A A%

K B A 1. 0x10° CFU/mL, 4R 3 2600 4 57 (14 5%
I PCR 555 8 7= I M TR 1 Rl 10° CFU /g
(mL) , A< 5 i AHAR 3R 7 o 30k 4 T A G T R A
AR E T LT, AT RR B R T R AR T
8 G D 2B L AR I v B A R R ik 4
5 R — B O 48 i R VE AT DNA R &k, K
TR X T A RAEE A —EEH .
1k AT A 2 RE W B X T AR 0 A A T AR A
FEAR AR L R B AR R R EL A R
PN U= S e A s i g = A T o Aega o
AP R A S AR B TS Y I R
£ i AT TR ARG W SRR 1 5 i PR AR K O
P AR M L I 25 R R I O B R A B T
E/RTEDARIE S YreE O R ENS  S E = Y oAl e
25 G AR AE T R 3 0y A [ B AR A
G0 25 SR — 30, PR B T 3% 0 1k A S R R
SR, % T — L N T A i, AT RE A7 76 TR 52 40 5l
BE T O, B TE A S B8 1 G (F A T A M I i L 1R
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PCR .RPA \MIRA 4 DL R A 88 bR 1 7 3k B T ok
X3 B8 16 DA A T AT B 0 AR BH P A A 0 2 SR axX A
e M AT R 2 A i A A R B
T B IR e TR R R T — 2P RS A

A G ST I 586 MIRA 7 15 5 8% R e 42 1 4%
AL AR TR R AR [ EE4R JETR ARG  RPR
— AT S RPA J7iE AR T SE 281 PCR AN
LAMP J5 3 FE AL 2% 32 A7 B 1] 1 AR 35— 30, 29 20 min
B Ry A5 S RG24 SR 5 I e AR ST ) LAMP 3%
R 77 A S AR B AR I 50 min AH BE IR B 5 —
D5 ARy Pl A R R TR 2 G T
AR AR B RO IR, 5 T ST Ak B G R
TR VLA G B D TR B, AR BRI IR R
A FRG I EE R A SR H T A 40 min, AR
T ) B 4

%R R A 1 VR S — PO O 3%, 4 BT 7= i 2
JoT 22 AERE o), A B 5 30 o 0 A% 1R DI 8 1 1 P 3
A AP 90 E R G R 3 T T A 3 8 R S B A
G0 e, R IE R DU 52 R 1 [R] B 45 TR A A
B RR, UE B T A% R PR 7k 5 5 Ot MIRA PRAG 45 &
N FH 7 AR IE TR R T A R AT M [ B AR ik
s A AL Sy ) MIRA 45 4 ik 408 5% 46 I 28 L
PR AR B, RS T Ao R Y R 2 e AN R AT A
B L5 45 5L s A T T 35 38 XTS5 e A KU | 3 A AE
B Asf G 3000 45 38 o

M, RPA 70 32 [ A & R4, 3500 A0 A B
Bt MIRA FZR 4503 R BN B R 0F & A&7 X
0 35 ORI S SR DA R AR PR TSR R AT T kv
ML, FRBGS 2 A% A 3. ARAF5R T
= MIRA R0 35 1 H H A 8 i 22 O 0 5 | ) PR 4
B JEN TR b AR R R TR R R ME A 1Y S R
T 2, LA Sk 22 2 V51 50 T A e A T £
U [RIEE S MIRA AR 7 B s A6 0 €5 42K 14 17 FH £
B R X HF o

S 3k

[ 1] MEHDIZADEH G I, NAVARRO M A, LIJ H, et al. Pathogenicity
and virulence of Clostridium perfringens[J]. Virulence, 2021,
12(1): 723-753.

[2] ZBER, fotd . A B 008 AR T B0 HL A BT 5 ot
(). B B 241, 2022, 44(7): 787-791.

GONG Z F, YE G S. Progress on pathogenesis mechanism of the
Clostridium perfringens type A[J]. Chinese Journal of Preventive
Veterinary Medicine, 2022, 44(7): 787-791.

[ 3] FREEDMAN J C, SHRESTHA A, MCCLANE B A. Clostridium
perfringens enterotoxin: Action, genetics, and translational
applications[ J . Toxins, 2016, 8(3): 73.

[ 4] BpscHs, skask, X, % . &R Epr R dt L], F

[11]

[12]

[14]

PR, 2023, 40(3) : 46-53.

YANG W J, ZHANG F Y, LIU N, et al. Advances in the
researches on poultry Clostridium perfringens[J]. China Animal
Health Inspection, 2023, 40(3): 46-53.

LI J H, ADAMS V, BANNAM T L, et al. Toxin plasmids of
Clostridium perfringens[J]. Microbiology and Molecular Biology
Reviews: MMBR, 2013, 77(2): 208-233.

ROOD J I, ADAMS V, LACEY J, et al. Expansion of the
Clostridium perfringens toxin-based typing scheme[ J]. Anaerobe,
2018, 53: 5-10.

ERIRR, ARE), AR . 7 AR R Iy i B 5Tk
[J]. HfF L, 2020, 10: 37-42.

WANG B S, GU C Q, TONG J N. Research progress on
detection methods of Clostridium perfringens [J]. Contemporary
Animal Husbandry, 2020, 10: 37-42.

Mol WRZEWL, VFORAR, S5 PR S AR I SR A
AR MR T o FE K 5 R S B R T[] o R
2020, 40(5): 953-959.

WANG P C, PAN Y F, XU D W, et al. Development and
application of a loop-mediated isothermal amplification for
detection of a-toxin of Clostridium perfringens [J]. Chinese
Journal of Veterinary Science, 2020, 40(5): 953-959.

XUS7 A, ZRF S0, BRARH, &5 . PRSI IR S 95k PCR
S I 5EO06 RPA K I J7 26 i) e S AL B2 L), A& B2
2020, 41(4): 268-272.

LIU L B, LI R W, CHEN Z M, et al. Development and
comparison of real-time polymerase chain reaction and real-time
recombinase polymerase amplification assays for detection of
Clostridium perfringens in food [J]. Food Science, 2020, 41
(4):268-272.

ZE, XY, BTk, A5 A EE A A IR HR
TEE PR 00T GRS I e it R (] ot 22 A O A A
2023, 14(10): 173-182.

QIN A, LIUM M, DENG F J, et al. Application of recombinase
aided amplification in the detection of foodborne pathogens[J].
Journal of Food Safety and Quality, 2023, 14( 10): 173-182.
WA, KA, KR, F . MIRA-LFD %5 51 A il 5 b S 5 1 o
Wk gE )] BT 50T &, 2021, 42(19): 179-186.
SHANG K, ZHANG M, ZHANG B, et al. Detection of duck-
derived production using MIRA-LFD [J]. Food Research and
Development, 2021, 42(19): 179-186.

PIEPENBURG O, WILLIAMS C H, STEMPLE D L, et al
DNA detection using recombination proteins[J]. PLoS Biology,
2006, 4(7): e204.

BT, R, B e T R A R HOR . — R
em e sems [, p E A Yo 50 7AW E AL, 2016, 32
(6): 627-634.

GAO W F, ZHU P, HUANG H L. Recombinase polymerase
amplification: A new DNA/RNA amplification strategy[ J]. Chinese
Journal of Biochemistry and Molecular Biology, 2016, 32(6) :
627-634.

e N RSN TR . ' 2 A TE R e A
R =SB T A4 . GB 4789.13—2012[S]. b5t v
i AL, 2012.



—146—

B AR R
CHINESE JOURNAL OF FOOD HYGIENE

2024 4E%f 36 4455 2 W

[18]

Ministry of Health of the People’s Republic of China. National
Food Safety Standard Food microbiological examination Clostridium
perfringens: GB 4789.13—2012[S]. Beijing: Standards Press of
China, 2012.

TRIFR, e, B, S EALREA 00 SRR R A
CRISPR-Cas13a th A5 I 4 Ft J52 V55 95 J 7 [T ). o [l £ b TLZE
ki, 2023, 35(3): 381-389.

AN B L, SU X, GUO Y, et al. Rapid detection of four diarrheal
bacteria by CRISPR-Casl3a combined with recombinase aided
amplification [J]. Chinese Journal of Food Hygiene, 2023, 35
(3):381-389.

SRUREE, WAz, W, A5 A TLINE 2Ot RAA PREAS I J7
Wy e AT ) ] BT A BB, 2021, 23 68-72.
GUO C Y, LIANG Y, HU T J, et al. Establishment and
application of rapid detection method of Vibrio cholerae by fluorescent
RAALJ]. Heilongjiang Animal Science and Veterinary Medicine ,
2021, 23: 68-72.

AN VLI, R e BT MIRA HR Y 28 L IR K 1
G IR A% PR A I 7 ik R S [ VIR AOE B 2021, 49
(24): 167-171.

LIS J, JIANG HT, WU Y L. Establishment of rapid detection
method of Vibrio cholerae colloidal gold test strip based on MIRA
technology [ J]. Jiangsu Agricultural Sciences, 2021, 49(24) .
167-171.

FE Y, B, BE S, SF ZEE IR AR AR Ak
PR G I il 98 S IR s i T R R L] oA 2 sl i

[19]

[21]

[22]

2023, 50(7): 3049-3057.

HU X P, WENG X Y, LYU Z X, et al. Establishment and
application of multienzyme isothermal rapid amplification
(MIRA) nucleic acid test strip method for rapid detection of
Mycoplasma pneumoniae [J]. Microbiology China, 2023, 50
(7): 3049-3057.

WP, RREE, £, L BRI IRATIE % P PCR
Jrikm s [1]. BAREIPT R, 2018, 45(12): 2229-2232.
DONG Y P, LI F Q, WANG M M, et al. The establishment of
real-time quantitative PCR methods for the Clostridia identification
[J]. Modern Preventive Medicine, 2018, 45(12) : 2229-2232.
AL-BAHRY S N, MAHMOUD I Y, AL-MUSHARAFI S K, et
al. Staphylococcus aureus contamination during food preparation,
processing and handling [J]. International Journal of Chemical
Engineering and Applications, 2014, 5(5): 388-392.

R, i n, RIEM, 5 7B WA P
F RO F IR LT]. T Bl 2021, 42(7): 352-359.
RENHR, LIM Y, ZHU Y D, et al. Recent progress in hazards
and control of Clostridium perfringens in foods. Food Science,
2021, 42(7): 352-359.

FAL, EFE, FREAT, A DRI PCR B I AL 3 TR
KRR E (] AR, 2023, 48(7) 1 292-298.
WANG L P, WANG D, LI H J, et al. Rapid and sensitive
detection of Clostridium Perfringens in packaged drinking water

by real-time fluorescent PCR[J]. Food Science and Technology,
2023, 48(7): 292-298.



