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Table 1 The name and number of positive strains of Cronobacter

N B Ak 2 Ak kT ERAE
1 B S8 F AT ATCC25944 P E Lok A M B AR R P
2 Lw L FEHA NCTC 9529 LiEEx
3 AN LT HAE DSM 18705 LisEX
4 ABR AR T A A DSM 18702 LiEEx
5 HBH T EATH DSM 18703 LisEX
6 AL T HEATE DSM 18706 LiEEx
7 CRE SR ] ATCC 51329 EEEX
8 AL T HEATE DSM 18707 LiEEx
9 ¥ HEATE B 1-31 oy o8 A H S

R2 RFENERERERREREERS

Table 2 The name and number of negative strains of Cronobacter

%5 Ak % AR BT A R R

1 RGBT ATCC10104 B Tk A A AR R 2 RS
2 FRHEBATE ATCC33420 W E Tk A A AR R 2P
3 XA H ATCC25922 A Tk A A AR R RS
4 A ERHHRA ATCC6538 O Tk R A AR R P
5 £ ATCC29212 P E Tk R A AR R P
6 7= A AT ATCC13048 T OE Tk A AR R
7 RHEZHE ATCC27155 W+ E Lok A AR P
8 S mpy ESENERE ATCC19114 A Tk A A AR R 2 RS
9 M O ATCC11778 W E Tk A A AR R R 2P s
10 EHEC(0157:H7) CICC21530 T OE Tk A AR R P
11 RN ERKHE ATCC 25931 7 Tk R A AR IR P
12 WA B S TR ATCC 9150 P E Tk R A AR R R
13 R EITITRA ATCC 13311 ¥ E Tk A A AR R RS
14 HEALVITRHE ATCC 7001 b E Tk R AR R s
15 W KR E ATCC 13076 B Tk A A AR R 2 RS
16 T K ATCC 9270 W E Tk A A AR 2P s
17 TR 34 W A ATCC 35030 T E Tk B R A AR IR P
18 MK B EIKHE ATCC 700603 T OE Lk AR R P
19 X A ATCC 11229 P E Tk AR R R
20 U S AT CICC 6069 R Tk AR P
21 o K AR A A T A CICC 6097 PE I HAEYEARRE P
22 0 AT H DSMZ 10140 o B A M AR AR RS

23 ALY SUAT T ATCC 8014 ¥ E Tk A A AR 2P s
24 HARERKHE CMCC(B) 51105 P E Tk R A AR R P
25 WK ERKHE CMCC(B) 51572 FE Tk A A AR R 2 RS
26 ETEC CICC10413 FE Ak A AR R P
27 EPEC CICC10372 B Tk A A AR R 2P
28 W RATAEBRATH ATCC 43864 P E Tk A AR R P
29 BRI ERA ATCC 14041 A Tk A A AR R RS
30 Rk ERKE CMCC(B) 51105 T Tk R A AR IR P
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12 NE5EF

ABI7500PCR ¥ 41 .BIO-RADPCR ¥ ¥4 {3 ,
% [H BIO-RAD; Vortex Genie2 lit iR &%, M
SI; Bt , 35 GILSON;SW-CJ-2D i T4
&, I INE AL ESCO LA2-4A1 A= 2 4 H0 B
1.3 FERFISHB

Phanta ® Max Super —Fidelity DNA Poly-

merase, N Gt MEHE Vazyme, P505-d1;NEBuffer
3.1(10x),NEB, B7203S;UltraPure™ DNase/RNase—
Free Distilled  Water, ThermoFisher, 10977023 ;
RNA [ 41 i 77 , Takara,2313B; Cas12b % [, it 5§
WEAEW) AT DNA $2HGUR & DP302-02, RAR A=
R (AL R0 A B2 A, U810,

PCR 519 54T L3R 3,

*3 SIMERH

Table 3 Primers and probes

HE/E0s Y- 514 K E /bp
primer3—-F AACACGCTTTCTAACGTTGATAAGG 25
primer3-R CTTTTGTCGTAAGAGCAGAGGTGAG 25
Cas12b—-tracrRNA GUCUAGAGGACAGAAUUUUUCAACGGGUGUGCCAAUGGCC 78

ACUUUCCAGGUGGCAAAGCCCGUUGAGCUUCUCAAAAA
crRNA-per3-1 CGAGCGAUCUGAGAAGUGGCACAUAAGGCCAAUAAUAAUG 40
FAM-NI12-Eclipse FAM-nnnnnnnnnnnn-Eclipse 12

2 RWHIZE
2.1 5|¥igit

A gk S R 2 b A R S AT AR R, DL 16S
rRNA LR PRSF P B 50 % b A B TR R AR 5 1 G
SERF A | G i S50 P A G 3 R 5 40 B G At ST ik
T AT D3 TR B9 AR S R S TR XA, B A
AT 2~3 XTI 51 A 5 RNA B8 ) )7
G AT AWM B, Pk e 03 i v ARy S
U A, @it NCBI L T 217 ¢ 51 4 bt
AL XS, Bl FH Prime Express {4 V3.0(ABI, Fos-
ter City, CA, USA)Bilii 4 XF51 ¥ #0115 RNA
o, Gidfe R X REEN, RAmiEE 1
X, FEA L3 3, CRISPR 2R (4 A5 3R 6 R 12 A4~
BEHLIT 5 Bk DNA JP51), FEHREN Y 57 s id
FAM, 3" siihric Eclipse., I 51 ¥0/ARE 5t ik
A TAYABRA R G B BT A RNA 519075 e
4 W G AR R A PR F A
22 #ERIBEUA R
221 bRUEE R RREEIOT IS R o o R B
TEFRRET,36 CHIFE 12 h, WEL 1 mL }5 577,
A 2 mL JC B0 8 T, 13 000 o/min, B0 5
min, KB& BWE R FIRD TR 1k, B0 Bk o=
W2 mL BUITUE . AR5 AR HE 50 G AT R I

222 UE A SRR PR O VE RE S AT AT AL
P, OBURE AL 100 ¢ A E] 900 mL 9 BWP iR
57,36 CHiFE 12 h, B2 mL AOFE S 5 FE UM A 2
mL B0 T 13400 g 2520 5 min, 15 $2 BOZ R
23 @BFREEH
2.3.1 PCR N WK R AL4G 25 wl. PCR J2
MRS, U FIES 1 (10 pmol/L) 45 2 pL.,dNTP
1 pL,DNA B4 1 wL, DNA B 2 wL, B4l
IKAME BT 50 L, § 88 RN 4 .95 CHilAE
£ 5 min;95 °C 205,60 °C 205,72 °C 15 s 40 1~
TEFR 34 CHRATF
2.3.2 CRISPR )i 20 pL i CRISPR 52 ¥ 4 %
£145 . 10xNEBuffer 3.1 2 wL,Cas12b (5 pwmol/L)
1 wL,RNA 40 %1 5 (40 U/ul)0.25 plL,crRNA
(10 pmol/L) ,tractRNA (10 pmol/L) FIFEEF (10
pwmol/L) %% 1 wL, £ DNA #Hz 2 wlL, F 8 4l /K
AR BARFR N 20 wL, T ABI7500 9%5€ PCR 1% (£
FE ,ABI A H]) #7944 & 48 CRIF , & 1
min Kl — K FAM 2856, #F4E 15 min,
2.4 PCR# @& 4Mm4k

PL3E B 3 AT 1 8 (ATCC 25944 ) b 1 B b 4%
e At , DLAb ™ 5 . 1B KOR B E R 54,
56,58,60,62 CH: 5 A~ BERL BE 16 £ 5l G IR
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KR AEBLIERE [ R 25,30,35,40,45 4>
PEIREL B I B DG PR AL
2.5 45RHERDN

R S DR 8 bk 5 % 1A T R TR R, 31
PRSI % 0 B R AN 30 AR AE 50 % VAT B R TR Ak K
1, 2 G v T B JE bR TR R DL R L
B LB IR AR BUR R R TR IR IR T, 36 CHE
I8 12 h, B FR R 2 mL 2B DNA, XU
A% W FH R At 2 43 6 G B T 1 A e R 4 g
PR U R 1Y) A /A o0 TE 1.8~2.0 Z 8] I H]
PCR XJ & #k DNA #EA74 3 fii H CRISPR S 1 K6
i,
26 RHFEIRE

PL3E B AT B (ATCC 25944 ) b i T bk 1%
FiR SR AL, o A% R Jo £ Wk J3E 43 1 R 100,10, 1,0.1,
0.01 ng/wL BEATAEI &0 B ORI B 10 5456 B
B B AT 8 (ATCC 25944) 4l 1 ) (107~107
CFU/mL) , 43> #IW it 2 mL 425t DNA #E47 860
2.7 AISHERBOHE

PP 2L 58 7 1 M CRISPR J 725 5611 7 % 5
ARV ER OB AE i S T (SR B e s o ]
J& (ATCC 25944 ) (1 ik 5 15 77 1R B W 43 i #4710

250000 [
+ 200000 f
il = =+=54°C
(53
2 150000 | —56°C
R £ —d—s58°C
® 3
&= 100000 60 °C
=631
50000 r —— I
e [ 1 2
0
1234567 89101112131415
CRISPR J3Z 1 It [i]
CRISPR reaction time/min
B1 BANRERLERE
Fig.1 Result of TM optimization test
32 HRMER

R PRI S5 R AN 3 K 4 B 45 R R BL
I v B AT R BB (S, MR
DL YRR SO AN X A B R YR S R
IR B A R e, TTkEM T
VR B PR S P AGE

46 BEAR BT AR 2, A Ht<10~10* CFU/mL
i B8 B2 TR VR4S 1 mL 3 0 S i & A 100 ¢ W5 8
FES RO EAS TR BT 3 100 g WK RE S AN TR
TR A S 25 LR IR R AR S i A 900 mL
BPW & oh 2 1 oK, AR X B 2840 i 2 min,
il 5 R 8 5 A A TR R (N TG e ke i, 280 12
h 1 36 CHE T , B AE 21 2 mL 42 5 DNA, i
7 CRISPR #:1l ,
2.8 EREHEMELE

3 S B Ay LS Oy FLRY L 51 6y, MR ¥
222 WHEATRTALEE PR A AR i 1T CRISPR
K, I A& 5 )7 GB 4789.40 AT HIE

3 REHER
31 FIEEMERENAIULER

R EPA LY 25 R E 1 8w, 58~62 CXt
TR I ) 5 TR R 5 /0N, 60 SC I IR kL ARG I K
ST PR 60 CHE R34 (3R KL

XoF B I A PR R AR A 5 SR B A ] 2 B AT
VLA 1 ,25,30 76 PR 50y 388 80— A KB ;35~45
MG A H OB B A CRISPR KW &CE . )5 26k
B e $E 40 PEIE NI S5,

250000
200000 r
8 —— 25 ifi 5
2 £ 150000 | 305
S § —a— 357
# 2100000 | w5
R = 45 i ¢
50000 —— IR
—— IR
0!

1234567 89101112131415

CRISPR 5 i i [i]
CRISPR reaction time/min

B2 RMERALERE

Fig.2 Result of reaction cycle optimization

test

3.3 CRISPR &R HE

WL FH A A AR I 1 ok ) G 45 2R ke B
FHPE 1 PR ) 22 D615 5 B B 47 A B B 8 I
TR R R A O E S BeA  B K
BB 25 S T DUAE R 25 2R, R3S crispr
A O B9 STHR[17], 78 SCHNRE AR N R ) W 4G )
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CRISPR J52 v 1 [i]
CRISPR reaction time/min

3 FmFiEMHERE CRISPR &M 4R

Fig.3 CRISPR detection results of non Cronobacteria
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T i, e
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CRISPR S 7 i [i1]
CRISPR reaction time/min

4 mFENHEESSEE% CRISPR #&UER
Fig4 CRISPR detection results of Cronobacteria and its isolatest

4k

AR HEE N=(10 min FE 55 6 H/10
min XF FR ¢ 6 1H )/ (2 min £ 5 9¢ Y6 (E/2 min X AR
WIEMH)

s =132 SO

A SE——HF i 28 OB (E ; CF——X) B2
1B 5 X IR SEAE 7K 298 e AE

Goit i AT 45, 1EIX 69 bR v B Bk Y 45
o, R BLBH P AR A B R E(E N =140,
It H A B G B B M RS R 4 < 1.20, 1%
A B ES T 1.40~1.20 Z 8] AL 5 HEF T
M, AR N H>1.20 1@ BE A CRISPR K51

i 38 BA P, IV (E < 1.20 B DU A) 5 % i CRISPR 46
D 3 B 1 . 38 2o % 42 75 5 B RT-qPCR Bk 45 1
BIFF A W0 I HL YR 0 B A i A s i (Cn 1
5. 6.3 4)CRISPR J7 k545 5 Fl 2 45 5 | PH%:
B A S T
3.4 RFEHKRN

W R K - R A A I 2 SR s 7 K 5 TR,
¥ R I ik B AE 100~0.01 ng/pL 22 I8 F € {6 N
PI>1.2 F0E N BAYE . Al iR 25 SR s 6.4 6
fiion  BR 10° CFU/g Y 2B A I 45 ) < 1.2 LLAb,
HE R AR B>1.2, AT LR E R ) 10° CFU/g
FOEINES RN
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200000
v 160008 4 120000
i '5:140000 . s
ﬁ ;120000 10° % 2100000' 108
R £100000 = S 80000 -
2 80000 w R
= T RE o
60000 — — b= 100
40000 SRR
20000
0 0
1 4 7 10 13 16 19 22 25 28 31 34 37 40 1'23456789101112131415
AT B Bk CRISPR J% i i 8]
Cycles CRISPR reaction time/min
B 5 RT-qPCR&H® 6 #iE#K CRISPR #il4#
Fig.5 Results of RT-qPCR Fig.6  CRISPR test results of pure bacterial solution
*4 CTEENE
Table 4 CT value and N value
7 ik 10° CFU/g 10* CFU/g 10° CFU/g 10*> CFU/g
RT-qPCR(CT 1) 35.16 36.25 37.13 >40
CRISPR(N 14) 1.67 1.55 1.39 1.13
300000 [ ®5 CRISPREMRFEFEELER
3 250000 Table 5 CRISPR sensitivity test N value results
& £ 200000 | e b B K gl FRMEN
;R g ng/ul
£ S 150000 F —=10 ' 100 1.85
= 1 ng/ul 0 1.80
100000 | 0.1 ng/ul 1 :
50000 =#=0.01 ng/ul 1 1.86
o . e —— 7 X 0.1 1.82
o= & ¢ P T
1234567809101112131415 0.01 1.56

CRISPR J&Z 1 i [i]
CRISPR reaction time/min

B 7 CRISPREMRBELER
Fig.7 CRISPR sensitivity test results

3.5 AISHEHEmmAKN

R A8 8 0 BT Y 1SR B R, AT N TS
YU i vl B AT IR B W 8RS <10~10° CFU g,
2858 12 h BG4 N 05 e ke S 42 LY DNA
HEATY RGN . S5 R I 4 AR ETE YK (1 1
K FE S B R BHEY 38 (E 8 % 7).
3.6 ZERHEFAEN

XFri & 51 4 R S iE AT CRISPR Al | 2%
TR TSR HEM N<1.20, 5 8B, KK
S B VEAT 8 5 A G T A I 4 SR — 2

*6 CRISPREMAEFHEESER

Table 6 Pure bacterial solution test /V value results

Y iR R E/CFU - ¢! Fl &AL N
107 1.62
10¢ 1.49
10° 1.67
10* 1.55
10° 1.39
102 1.13

4 g5

S JLIE 7 LB e S W 15 A
il L A T o TP A — A E AT, H T
B 70 AT TR A T Oy ik 3 B LAY 3 R
¢t PCR ¥k FRAFIR T8 3k AR Iy ik, st
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300000
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5 € 150000 10
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&= 100000
50000 2R
OI* [;EE3 00

1 23 45 6 7 8 9 101112131415

CRISPR J [z i) 1]
CRISPR reaction time/min

E 8 CRISPR A#I AL RERPEILER

Fig.8 Results of artificially contaminated samples

% 7 CRISPR 73 A\ L5 3 MR 45 1
Table 7 Results of artificially contaminated samples

AIE

RS FHE1 ER2 F43 54 FLAS
CFU-g¢"
10* + + + + +
10° + + + + +
10* + + + + +
<10 + + + + +

FRTE RBE e Sk T R AN RS &
ARG AOAAG 2 5 15 G [T BRI 1 15 4 45 ik
B/é[ZS%O]O

B H 3 2l B A% ek I J5 2 GB 4789.
40-2016 (&L EZERE &5 HED =R
S B R TR R (BRGS0 ) R A 3 £ R
AR T AT BRI PR N I A R, AR
G R BN R SRR S R HAE
fR¥ e S5t #BIER e . FERT 2R ), Rk AR
B/DTRE 4~T7 d, 0 H R AL, 5 KA R R
Tk, Tovk X A TOXE L% 35 A0 B0 B BEA T RS

AHE 5 9 CRISPR A9 K6 0 B2 A k25
R AR T AR AR e AR Pk | R
RS AR AN R RRE T ST RS I TR R
PR, IR R R <10 CFU/100 g, 52 Bkt i i 56
5 R 5 WSS RAT . AL 2 CRISPR &5l
Fi AT [ B 22 440 T BT PE £ AR T 4
FINE IR, 2 B PR UOR 2 AR A £ & 48
SRHEAT A BB IS RN Rk 3R R A A

R e 48 T AR R R, B TR TR
S ) 5T 4 P P TR AR, A 2 S IR R
A R BN RS L 7R Z S BT ST Ar DU
ARG H R ARB G R, #E— 23T A
D RE, RAGUE, S T3 [ L P A ) 40 4k 11 fiE
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Detection of Cronobacter spp in Milk Powder by CRISPR/Cas12b
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Li Linxian?,

Wang Liang',

Yang Jielin’, Liu Yang"

("Shanghai Institute of Quality Inspection and Technical Research / Key Laboratory of Milk and Dairy Products Detection

Abstract
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*Technical Center for Animal, Plant and Food Inspection and Quarantine, Shanghai Customs, Shanghai 200135)

Objective: The development of a method for detecting Cronobacter spp in milk powder based on CRISPR/

Cas12b. Methods: Firstly, the amplification primers and guide RNAs were designed and synthesized based on the specific

gene sequence of Cronobacter spp. The conditions, specificity and reaction system were optimized, and the sensitivity

and reproducibility of the system were validated using artificially contaminated samples. Results: The results showed a

high specificity and sensitivity of this method - the sensitivity reached 0.01 ng/wL; samples with initial bacterial counts

less than 10 CFU/g could be detected; and the detection limit was<10 CFU/100 g. 51 commercial milk powder samples

were later tested using our established method, and the results were consistent with those obtained by traditional national

standard method. Conclusion: As such, the CRISPR/Cas12b method established in this study can be used for rapid de-

tection of Cronobacter in milk powder.
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