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Abstract: A rapid method for detecting pathogenic Cronobacter turicensis in infant formula milk powder was
developed by combining multienzyme isothermal rapid amplification (MIRA) with the CRISPR/Cas12a system. Based on the

E[B e

WEFe X, oT 25 55 5L T MIRA-CRISPR/Cas 1 2a 3 A I 75 B2 1 7 2 v AT B bR e I 6 g 5 [T AR fL i RHEL,
2025,41(6):276-285.

YANG Yaling, ZHAO Xin, QI Meng, et al. Establishment of a rapid detection method for Cronobacter turicensis based on
multienzyme isothermal rapid amplification-CRISPR/Cas12a [J]. Modern Food Science and Technology, 2025, 41(6): 276-285.

WS HEA: 2024-04-15

E&WH: BEREBSHALITRITE (2023YFC2605100)

EEEN: BHER (1997-), &, Wit, ARHE: REERE, Email: yyl5421@163.com

BRES: R (1983-), 5, #t, BIEIR, #xAHE: ERFFE5REMREL, E-mail: guojun@tustedu.cn

276




MR @R

Modern Food Science and Technology

2025, Vol.41, No.6

CTU_22970 gene sequence of C. turicensis, specific MIRA primers and CRISPR RNA (CrRNA) sequences were designed.

The target DNA of C. turicensis was amplified using the highly efficient and sensitive MIRA method. The presence of the

target DNA activated the trans-cleaving activity of the CrRNA-Cas12a complex. The detection signal was then read using

colloidal gold-based lateral flow immunochromatography. The detection system developed in this study had good specificity

and sensitivity. The presence of other species of Cronobacter and non-Cronobacter strains were verified to not activate the

trans-cleavage activity of Casl2a. Detection was completed within 1.5 h, and the detection limit for C. turicensis (for pure

cultures) was 1 CFU/mL. For actual samples, milk powder with an initial bacterial count of 10° CFU/g can be detected

without enrichment, while samples with initial bacterial counts of 10*, 10°, 10, 10", and 100 CFU/g need pre-incubation for 2,

4, 6, 8, and 10 h, respectively, for successful detection of C. turicensis. The detection process is simple and requires no large

devices or equipment and professional training. It is suitable for on-site detection and of significant practical importance for

controlling and monitoring C. furicensis in food.
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MIRA) 545 AR AT S HUE 8 6 B R X H A5 7 51 B
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e LSEELEL P RG>, RPA il MIRA H AR X
R FEEORAC, 1Bt AR S 5, AR BV A
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RO TV S WA I B BB AR, M AS
FK i p) DhRe, T HAE R A I AUt s B
KIf7# 71, CRISPR/Cas12a CL 4 iFE IH, A% R ¥R AR 1)
FAAETT U Cas12a-CrRNA &1 R V)R DhRE,
SEPLXT HLEE DNA 1 AER S D820, @ 7E 4R
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Y3, CRISPR/Casl12a W] LLAEAL N (45 B A4 55
Fraaill~F &, A B Bt 1 R AU S e s, T
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A SCF MIRA £ K 5 CRISPR/Casl2a & 4t #H
454, DL FAM-ssDNA-Biotin 1 N # I 44 £ 79 4K
HEREN, A H AR IR /E 5 2 ULIL () CrRNA 2614
T, BEEUK Casl2a Je NI HEHR & R EF I DD RE, 2
SE—F S 75 B2 A v B AT R A PR A v, A
& FLam g AR = i ZHTikdt 4k (Lateral Flow
Dipstick, LFD) SEHLE 5t . Brda & i il 75 v
AT DASE BT 75 2t v B AT 1R 1 e A, A ik
FEAEIT S, REUEE, IR IS R4t T
HFARTE.

1 MR55E%
1.1 MR 5 HHE

b N S 7 o & (C. turicensis)
(CICC24178) e 3K T+ v [ T Aol 26 0 T o R i
Fr (CICC) 5 B e BT B (C. sakazakii)
(ATCC29544). N — & # w %' i #T B (C
malonaticus) (CICC24177) =& B WM H (C
muytjensii) (ATCC51329). KWt (E. colid. 4
WO EERE (S aureus). YWITKE (Salmonella),
RERH REERERE 2 ERE LB ER
17; RIEHTHEZER (KD WHILEERAEY)
B A ] 4 1 ; Lba Casl12a, NEBuffer 2.1, Monarch
RNA Cleanup Kit, TranscriptAid T7 High Yield
Transcription Kit 14 3% F 3% [E New England Biolabs
x5 MIRA BRI G SK #5238 KRR A 7]
FR AR A T 38 2 AT R 2% ) ST 5 M T BRL M ) o

TC-96/G/H (b) B B3 K §~ # 45%, #i Ml & H
Bl v 7 s MQT-60R & % 55 72 48, L & R A

HRAFE s Fresco 17 & mE R HE 0N, EH
Thermo A & 5 EMS-30 £ & #k /1 96 #F K 8%, 1
TR A | LBI-250 ZEAL B 34, B RRk
X 284522 7 ; Nano Drop 2000 23 Y66, £
Thermo A A »

1.2 LRk

12.1 fm@Eisitk

SO B R B B AR R AE TSA B 97 35 P AR L,
37 ‘CEIEHFE 24 ho PRHCPAR ERRABETE T 2
5 mL 220 2K A K BPW 1, 220 g, 37 CHEIRE
WREFE 12 he U100 uL B, K T AR B 2R /K
FLHEAT 10 580 FERRE , 15 [ 94 FE A0 FE 11 B8 2oV
RN L IO T BB 50 uL ¥R AT AE TSA 35953 PR
F, EE =R, 37 CHEIBERFE 24 h J5 1k BUR & £
7E 20~200 CFU Z [A] 1P AREAT 1145

KIpFr . &EOmaERE. WITRERRE R
5> Eirik.

122 ALF RGN &

N 22 b 6 T ) S BR 4y LC T WKy, S L EE
W2 B L (FDA) AR 7R, EH %
7, FREL10 g PIF ¥ % T 89 mL 22 M & 1 [k K
BPW 1, DA AT B AE R B, HR 4
F 2 AN 1 mL A [F 3 (10°~10° CFU/mL) 1)
HEM TP EATE R, AR E, BHET
37 C FEIRIE, B 2 h Bk, BURE)S, FE
i L EDRAE T 20 ‘CUKFE&H
123 HERRER
1.2.3.1  BFE S

K w R K RS A AR, B 1 mL A
W, 100 Crii & Wb 10 min, 2R, ZLERAE
N MIRA I3 HREAR -

F1 BEHBFIIR

Table 1 Oligonucleotide sequences

2 AR F3fz & (5-3") 5 K /op
MIRA-F TCTGTAGTAAGCACCGACACCAATTCTGTA 30
MIRA-R AACGGACAGTAGAGGAGTTTACATTTACGC 30
CrRNA-F GAAATTAATACGACTCACTATAGTAATTTCTACTAAG 65

) TGTAGATTCGCCAGGCGATAAGCTCACT
CrRNA-R AGTGAGCTTATCGCCTGGCGAATCTACACTTAGTAGA 65

; AATTACTATAGTGAGTCGTATTAATTTC
FAM-ssDNA-Biotin 6-FAM-TTTTTTTATTTTTTT-Biotin 15

278




MR @R

Modern Food Science and Technology

2025, Vol.41, No.6

1232 NTi5 Mgk Ff i

BT mL N T3k Fedt, 4 °C, 10 000 g
TNAVRE G 10 min, FEPER, A I0 AR S bR
B EE b 0 i D DT o B 0 TR T A T
FOHBIFE 1 mL AR AR KR, DR KT iR e
2020, BHEOEET/AKSRF, 100 CHiRE
10 min, AHIE=ESG, 4°C, 10000 g FEKE
0 10 min, FIEWATIEN MIRA IREAREEATH 318
1.2.4 MIRA3| 44=CrRNA#)% 3t

KH CTU_22970 15 3757 B At v & U T B 1) 52
AR, Wit MIRA FES 514, FF4H%E MIRA 4%
B R S B, A4 PAM CHIIA] B 7 371 4R 3
B AL, W AR R MIRA 939 77 51 1)
CrRNA, BEAAFFIEEINE 1.

1.2.5 CrRNA#EmE 4t

CrRNA FEg it il % : HEH 7 Ba 177
5| ] DNA % #% 1F 2 58 CrRNA-F (10 pmol/L) 5
CrRNA-R (10 pmol/L) 1B KJE XL, PCR 1% E
BKFERF: 95 ‘CAE 5 min, F4PRE 1 C, BE
25 °C, 1Bk ¥1FE N CrRNA # % BH . CrRNA
et 30 pL # AR RALHE 2 uL T7 RNA R &,
5 pL MR, 10 uL NTP 2290, 13 uL B
By/K. H¥47fE, 37 CHIEME 12 h. 4R
J&,» N2 uL DNase [, 37 CH{HE 15 min PLZ:FR
T SRR AT BV D % % 7= ). CrRNA 4lifh: %
F 25 [E New England Biolabs 2% @ RNA 4fifk ik 5 &
(Monarch RNA Cleanup Kit) X %% 3% 7= ¥y i 47 4l
b, % 4liAK 5 I CrRNA W 5E W B 5 40 3%, R A7
T -80 C#&Hl,

1.2.6 Rtk %
1.2.6.1 MIRA ¥ 184k &

50 pL 38 S B AR R L HE 2 uL B 51
MIRA-F (10 umol/L) 5 2 pL #5149 MIRA-R
(10 umol/L), 29.4 uL A Buffer, 2.5 uL B Buffer,
12.1 uL LH LB, 2 uL A E FE R DNA. B
%AFR: 37 CKM 30 min.
1.2.6.2 CRISPR/Cas12a-LFD fx Nk %

20 pL S MNAK 224445 : 4 L LbCas12a (1 pmol/L) ,
4 uL CrRNA (1 pmol/L), 0.8 pL FAM-ssDNA-Biotin
(100 nmol/L), 3 puL MIRA #3724, 6.2 uL T
7 B 7K A1 2 uL 10xNEBuffer 2.1 (50 mmol/L NaCl,
10 mmol/L Tris-HCI, 10 mmol/L MgCl,, 100 pg/mL

Recombinant Albumin, pH {H 7.9). 41 % 58 ¥ )5,
37 CIERE M 60 min. KM EEHR G, HBUS pL W
FEYIINNE] 45 pL ARACA ERFE MR, TRAIE SR
183 IR 4845 EREX, 5 min J5 A3 4s . A
DWW RN € cts A= salll [o-a aas IS A SARER: i
gER NN s R R AT, ST
X BRG0P0 0 ¥ 25 PARARG, 5 SR o 9 BH
LR B IR ek, SR
127 457HAR

P HR1.2.1 % S2 56 = B A7 1 R U o B T
R D VAT B . KA B 4 8 A6 BR A
WITRE AT IS 9%, JEHL 10" CFU/mL 3 FE 1)
W, iR EERBUZIR G, BIEAR STy
IR R
1.2.8  RAEAN

M8 1.2.1 1) & A [F ¥R B (10°~10° CFU/mL)
(PR S B AT IR B, iR AR UL RS
BOEAS A4 2 (1) R B
129 ZRAFgn

Pl 1.2.2 Hil & N T Mt e i . LR E
NRT5 G E Ry BE S AR AR IRAL, 2% 1.23.2 KI5
TRERIN TS Je gk HE i AL R, B T AR ST
RTIN 7325, DAl FLAE SEBRAE SR 0w ) R B
1.2.10 ZipaiE

AP AR AER N E 3 ), ERENEE
SER—E, AR HA RIS A R

2 HR51R

2.1 MIRA-CRISPR/Casl2a-LFD# | & 38

JEF MIRA-CRISPR/Cas12a-LED X 75 22 {7 &
WA R IR AR B 1 TR, AR R 41 DNA
PR $2HL. MIRA fE LY 1. CRISPR/Casl2a %
Gukaill. LFD {555 0. oo, XApIe Sk
TR TALEE, iR AR SRR R 2 DNA s A
Ja FIH MIRA AR KR S 5 1 R P IR, 3
1 77 4 i N AH B ) CRISPR/Cas12a & 48, Casl2a-
CrRNA & & WiR 5 H ¥\ H As 47 &, #9E Casl2a
DRI EE, VIEMA R AN RS PREN s RBL5E
Yo 5 S RPN BIAR 4R 4% B AR X AT A I .
o B A R R AR A IR EE A I E, BEE EATER,
WERE 53 LN FAM kS &5, BEWE
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K2k, ¢ Biotin FTIAH SRR GBS (L e ETIE,
55 [ I < 2 1) g — RO IR 2 A 2 T A
HPulisRk e, LS iz 2l PR L0
BH A A 28 v A SR BE D) 1 FAML 5 Biotin 75 78
7, &bn FAM Uik R REIZE FAM, RigS ik A

XPODOX  XPODDX

B T2 1% 5E % () FAM L4k -FAM-ssDNA-Biotin 45 &
Y, TIEERIZE FRER 6, i AR L A
AL blid, ZEINEL e & AR 20
KA OBERNE SRR AT A, WG Rz
R

G/ MR MIRA PODTX CRISPREVH .
100 C 37 °C PODDX  XPODDBX 37 C
XODBDTK
H g4 1 B
| B: 7 79 -
Bk B T TRk e
c Wil RREA RS Ltity 1 R <
T [EReE s

By SV

P

syits Y rAMLE Y Biotindifk | ¥Hi i @ Kfks: @ FAM @ Biotin

JEeAA e i i JZ AT A AR A

1 4l R IE

Fig.1 Detection schematic

2.2 CrRNAA & fn4hifh 2%

TS A R O O FE RN e Al Ak 5 1)
CrRNA ¥, OD,4/OD,gy 5 OD,s/OD,s, [ EEAE )
EIEFEIERE N WK 2 Frw, dE—Pxaith s m
CrRNA #E47 LK IRE, FHE¥kEE B8 CrRNA FTfE
VKIB 2 R R AE SRS M, S CrRNA ERF#,
Zarse, RWPALAMLE, CrRNA KEE, Wik
J& ] FF J5 42 CRISPR/Cas12a K6l 5256 .

[ 2 CrRNA 4i{t ik 45 R
Fig.2 CrRNA purification electrophoresis results
i AR 1L 2 AZEALE 69 CrRNA.

2.3 MIRA-CRISPR/Cas12a-LFD# il 7 3¢ t#
TEEAE R ELER

23.1 MIRAY I H R M5 TR H R UL R
T R TR R T I R AT VAL, e SE
6 25 B A IR DR RS o B AR T L T Rk 5 B VAT I
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KA S ERERRE . DI IRE TR M
BOUF S . T SRR T B 95 B A v B AT R R S
MIRA-F. MIRA-R 5| ¥ H Primer BLAST (NCBI
AR Loxt, EodE b i Lok &5 R 3K B ik
TSI AR S R i AR GGG, X
MIRA ¥ H i F2 A7 R e MEVRAS, LR R 52 B i
FF T AR FPE 510 MIRA-F/R 3 B4 A [ J& Filt ) T R
HLVKZE SR WK 3 Fws,  TlvH 34 7249 K /R 302 bp,
g B R FAA 03 B 5 B AT B AT AE VK TE A B 5%
i HALE IR, X R vk 75 Bt v B UE M
1) MIRA 5|4 BA % i B4 e 1

[l 3 MIRA 5 Rt i 1B = Ik 45 R
Fig.3 MIRA specific amplification results
E: B Y RARE AR B AR G 0 Rk gk
R AF VARG AT EAE, 2HAZBRELT BATH,
3AFFRE LT ENE, 4 HWKMHFE, SHLEERH
HE, 6 AUITTKHE, NCALE LK.
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2.3.2  CRISPR/Cas12ath ] 3t %, F AT ) 69 4%
FHER

FERARY 1 R R R St b, BB R
¥ CRISPR/Cas12a & Ml & & 15 5 1%, Kl 48
JEF MIRA-CRISPR/Cas12a Fa 4% 2% 4 S PEAG I 45
R, g5 R BRI R T VR AT B R 45 S R B
PHME, BRUGTCZ AT A RBTD M. K
Pkt SO EERE. W1 RE AR 4 R
B PRI, 2R BH BT RG E RE A T B AT A
DA 22 B BT (s 5 1

1 2 3 4 5 6 NC

B 4 X REFF RS R
Fig.4 Specific detectin of lateral flow dipstick
E: B 4 2T MIRA-CRISPR/Cas12a *f R [5] bR 49X
WERMER, ¥ | AFFELTEATH, 2AHRTLT
EATH, 3AR_BREALTENT, 4 HXIHFE, SHE
FEHHIKRE, 6 AVITRE, NCHLB LK,

2.4 AR

1l B N R FE 7 R A e B AT B R, &
TR 5 VR MR, T I A 2R 1 R A AT
WAl g RaE s Frow, 458 EIOR T MIRA-
CRISPR/Cas12a % 75 Bt v 2 T A1 B 1) Ao ) 2R 0 52
4 10° CFU/mL, 1X 3 B Ffr ¥4 & F R 0 7 72 LA e
E R BUE . X T AR RE A, AW 5T AT LA
TESE SRR A TG (B 6) AHLEL, Rl
PR PR 7 A% E 2. Akineden 55 3 T 48 4%
Yo 5 J2 AT H AR B ST B RO v B ERT . T
TR 6 0 BV B ARSI T v, Sk A B RO PR R
B 4 10* CFU/mL. Qin %554 5 T I %0 1% i 4% 12 il
(DNAzyme) FIAXTFRE MR AR 1 (aRPA),
PR T FH TR PIF A (1 B b o %7 v 4T B 1R A ) 7
%, EATERHRIR A 2.2 CFU/mL. 53LA
DUTTIEARE AT FE I 3T ARSI 7 R8O T s
5K 95 1 255 LAMP 5 CRISPR/Cas12b # 45 &
R T — PR FUR v B AT B R A v,

5 9206 4 RS N R A 110 CFU/MmL,  {H 1% )5
AT qPCR AN E 455, A% 71 B ] &
g, (HREREREERE . it fMilgE &
() N 57 1) T SR i BIR ) 1 A IR A W 1
F o ASHIETE B0 B RS I 7 92 mT ks 3] AR P e M B
FE TR T S0 A RO, R BN ST
ER) R AN 78 s B AT

5 #iMIPREE R
Fig.5 Detection sensitivity
iE: B 5 & F MIRA-CRISPR/Cas12a %t 7 B iR & 7
Rk, F A AR RBTANLE R, L 195504
10°%. 107, 10°. 10°. 10*. 10°. 10°. 10'. 10°CFU/mL, NC
A I FBEK,

B 6 HRM T FIETEEEITHER
Fig.6 Colony counting of C. turicensis
E: a~e A1 10°, 10° 10°. 10°. 10'CFU/mL.
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2.5 AR AL

251 REFEARE ik

ARAE Cas12a Xf R 25 #8&F (1) 78 70 DI E,  #f Of
TRYR S S 4 TR I HER I, R SCHR AP 4R i R
FAF, BRUEATE TR T 1 R R 7 B U AT IR MIRA-
CRISPR/Cas12a-LFD f& #ll 77 %&, H {4 24 CRISPR/
Cas12a £ I 356 43 B 2 N B 18] & 90 min,  #i% 25 #R &1
TAEWE N 40 nmol/LP7 . Fyidk— AR ALK I 2k %,
B OR A PE B AT SR T, A K PR 100 48 R S ) i 1]
A AR BRI TARMREE, X MIRA-CRISPR/
Cas12a-LFD f Wl {4 5 # 47 {1k, MIRA-CRISPR/
Cas12a-LFD f& I /& & W fig 52 B X} CRISPR/Cas12a
S SR B 1] g HEAT 45 SR, 1T Cas12a KR
HEREH DB R B AT I 25 R, IREE
W m i, 759 Casl2a 7670 K E) V) %1 4 Ae fdi 45
RO 26 A B 5, (R, 5 2 4R T (A I 4% B
BRI TRETIR L, AT 3R s R

1 2 3 4
r — pY? hY# T

~ F ~ ~

S R
. A A A

7 IRERRETRIEE R
Fig.7 Reporter probe concentration screening results

JE: 1~4 53] 0.02. 0.2, 0.4. 2 nmol/L,

8 MERST TIEREMLER
Fig.8 Optimised results of reporter probe working concentrations
7 : a 4 CRISPR/Cas12a 4k & BLA 90 min i 693X 25 &
#rm 45 R, b % CRISPR/Casl2a #& % FE 60 min B 49X 4%
ZAemzE R, 14 0.4nmol/L, 2 # 40 nmol/L, NC »L# %
BRIk,
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FEEEC 0.02. 0.2, 0.4. 2 nmol/L I/ AH
TAEWKE RS RE, AR4C& 3T . BT
R T B IR SE RO 28 SR I 22 35 2 IR 20
t, W7 R ER, REFKEN 0.02 nmol/L K,
R 26 A . 55 FREHIRE N 0.2 nmol/L B, A& U
LI BRI EL, (HIRATEMNW ; WEHRE &
T 0.2 nmol/L i, ML EMEE. B, A
B R s g IR AR e P, 0.4 nmol/L 7B AR5
TREF P BAR TAE MR EE .

I F b, 3 — 25 56 1F MIRA-CRISPR/Cas12a-
LFD Z 4t 75 4 15 PR & 1 S AR AR MR B2 T A ARl 28
3, LA 10° CFU/mL [ & VRS S ARG I #EAR , B 0.4,
40 nmol/L WA RIFREH IR BE IR YIRS, 43 7 EX
60~ 90 min P /™[] 2 AR DT 7= P PR AR 25 1047 5
ke 253 (B8 R, RAETREHKEELE 40 nmol/L
I, FF RS 90 min A BEH BAEMRZE R, MRk
PREF IR TR ZE 0.4 nmol/L I HY Lk ff 2 B N s 2
60 min, XWX CRISPR/Cas12a J W14 % 1)
S BRI P BEAT R B RN 8], 32 SR i
252 RRREFHAE LA T AT E AN A ]

d 15min 30 min 60 min NC b 15min 30 min 60 min NC

B 9 AN[E) iR BE 75 Btk 2 52 AT B 4G I A 18] A9 38 HE
Fig.9 Validation of detection time of C. turicensis at different
concentrations (probe concentration 0.4 nmol/L)

E: #RA4HKJZ 0.4 nmol/L. a % 10°CFU/mL, b %
10° CFU/mL, NC A @ £#K (60 min).

BT MR R, SR A T mikE W
T 5 R B VR VR AE AR AL 2% F T BRI 5 2R, G EY
10°CFU/mL 5 10° CFU/mL X P A B B 1) 1 W e
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Fig.10 Detection limit results under optimized system
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Fig.11 MIRA-CRISPR/Cas12a-LFD detects C. turicensis in
milk powder samples
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