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interspaced short palindromic repeats, CRISPR)#)4 ¥ & %] %) # i (Saphylococcus aureus) mecA #f 25
A B B Aom ik, [ %1 8 £ mecA LB A7) 694k X %00t it i R BUEA & 09 a8/
T 45 M AZ BR Y 38 (recombinase aided amplification, RAA)3| 44 CRISPR RNA (CRISPR RNA,
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(4R RATHEHET 1 843 mecA w25 A H 64 ZH Y 3 35144 crRNA, ﬂ‘gi TAT
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Abstract: [Objective] To address the problem that the detection of drug resistance gene
usually relies on specialized devices and the lack of rapid detection methods, we aimed to
establish a rapid detection method for the drug resistance gene mecA of Staphylococcus aureus
based on clustered regularly interspaced short palindromic repeats (CRISPR). [Methods]
Firstly, we designed and screened the recombinase-aided amplification (RAA) primers and
CRISPR RNA (crRNA) with high sensitivity according to the conserved region of mecA. Then,
we established the detection method for mecA with the easy-readout and sensitive enhanced
(ERASE) strip. Finally, we used simulated samples and clinical isolated samples to compare
the established method with the traditional method. [Results] A set of efficient RAA primers
and crRNAs targeting mecA were successfully screened out, and a highly sensitive
CRISPR-ERASE-based nucleic acid detection method was established for mecA. This method
can detect mecA at a minimum concentration of 10 copies/uL. Among 32 clinical isolates of S
aureus, 24 strains were tested positive for mecA by the established method, which was in 100%
agreement with the results of antimicrobial susceptibility test and quantitative real-time PCR
(qPCR). [Conclusion] A CRISPR-ERASE-based simple and sensitive method for detecting the
drug resistance gene mecA was established.

Keywords: CRISPR; isothermal amplification; mecA; nucleic acid detection; ERASE strips

A Wit 2514 (anti-microbial resistance, AMR)H
2 Wy vEY, BEAE YE H TE JA  F  2 2
R XA I T A TR 55 R i ik S LR E 2 L

A 1961 4 AN R BT i H A Pk 4 8
0, 48] %4 R 18 (methicillin-resistant Staphylococcus
aureus, MRSA)IY) 60 411K, MRSA By

FEI R FE 21433 W2, MRSA T 2513k A
7 F ) % Bk o & =X Y 8 K (staphylococcal
cassette chromosome) mec H1 Y mecA JE[H , %5
9 B9 1) B R 45 A & [ (penicillin-binding
protein, PBP2a) Al /K fF IR B-N kRGPt A&, iF
WA X B- Ry P EE | HA
AR R W Y bR SR ) i 2 o H R, 2 BU R
(antimicrobial susceptibility test, AST)/E k&l

JARIESE], —ERRE PR T R IRYT . BEE
WA I AR A J , i N 2 vy T T
Y& 5E i PCR (quantitative real-time PCR, gPCR)HY
MRSA RGN 72, POtE it PCR Rl
R R R S BN T 24 25 DR A PR A D, (BT 7 A
Tl ) S B AR B AN B4, AR TS
i 325 1, X1 B 1L A AL T R 24 460000 . PRIt
N TP HE S 25 A IR R TS T, T

http://journals.im.ac.cn/actamicrocn



3630

HU Qiang et al. | Acta Microbiologica Snica, 2023, 63(9)

LI R Bt e A AT TR 24 P 7 2, R — i
R, TR PR AR AN T

W4k, CRISPR/Cas RGTEN S ALK
DTSR T g R 2017 4, R BB
B oKt CRISPR/Cas13a 245 545 HH AAH
24, #5377 SHERLOCK (specific high sensitivity
enzymatic reporter unLOCKing)73 25 . BHt
N GAEICEE b, iS5G AN R 3 S rT Ak
REMHEA, ST T — RIVE XSS G EE . 4 A
T AU R R RS ARSI U
TS5 A 1) e IEATRAC, B R LU gy
i DT SRR A,

ERTAb s, ARHENE S T — M T
CRISPR [y IHZ I BRI A AR, 24k
ARIEHRE RNA 70 F Mo Albric FAM Ak
Biotin K1, AUKARE I FAM BTk ik 4
MRS FAM JERIZ5 6 o UYAEEfE HARE, 06
Casl3a FH VI E & RNA 4>F, Biotin FEH]2s
5 T & LS or MRS G, M4
K5 FAM JEHAN C 48 gl idt FAM Hrikss
A, INMRTE C LA ; UAGFAEH
Prmf, #E RNA - FABUIE], FAM $URR I
A4 R R RE M 1 Biotin Kl HAE T R MR 45

[ AVaVa

[ —.. .‘\vﬂ —{C

e o N\

AN Target RNA Casl3a

[ A%

1 ERASE #E#&MIX KR REE
Figure 1

<l actamicro@im.ac.cn, 010-64807516

N e a .
=Ny SRS Al

&, WHERHT FAM $UiA4s &, RILAE T &A1 C
LA IR (B 1) ZHEARIIL T X SARS-
CoV-2 i | i R ORI E AR S vk G I U, =
ZH AT T I R HAK BR Y 3 H AR S — R IR A
PR PP R, FIFHE A . e 2s A5 R
DNA REWHE A T X HAR DNA #E459
o BHARNT LR RS R, AR
PREE . AMFFEFH E A BN T 5 R A% R 1
(recombinase aided amplification, RAA)H; A ¥
WAL 39 °CIEIEL A T H 30 min. 1M
JE S B AW T7 PR =Yt
DNA J¥ 55 R 4 Cas13a & 1A RNA
JF31 . 24 crRNA Fl Casl3a 2 FUE K& A A4
SR ENA R A RNA SRR, Cas13a &1
AR S PR DD B P DU 2 R T, B AR 3R v Y
it RNA 731 45 59O & PCRALFITHE L%
% R #6: I 4 4% 17 R (easy-readout and sensitive
enhanced, ERASE)Z 2 A5 il 28 2K 247 AT 152 BCAG:
ZERL(K 2), A8 3 CRISPR-ERASE £ AR
A RAA R, BIEES—FETXT mecA Tiif2h
SR TR PR R R S AR A
Shy i 2446 0 A R AS T A% LA R i 24 a7 Y 5 O R
o WU AT i vk

Test Control
band band

FAM-Reporter RNA-Biotin Y Anti-FAM antibody

Test  Control _J

band band Positive
test

Streptavidin crRNA

Y FAM antibody with colloidal gold

Schematic diagram of ERASE nucleic acid test strips.



RS | AR E A, 2023, 63(9)

3631

Nucleic acid
extraction

T7 transcription, : &
Casl3a/crRNA
complex binds

Isothermal
amplifications

"'ﬂ'-]/l + _l_

& o \ '
~" Clipping o .

A P

~reporter RNA g

39 °C, 30 mins target RNA A ) H.b &
+ -
S. aureus DNA | crRNA n Fluorescence
: o
~nnn - Target RNA Casl3a @  Reporter RNA H ERASE lateral flow strip

2 mecA EE CRISPR #7535 R I2E
Figure 2 Flow chart of CRISPR assay for mecA gene.

1 HE5xZ

1.1 %BRFS)

mecA S FSI T #E H NCBI My, &4
mecA i 25 KL R pUCST JFokr . ity RNA. 5]
Py K crRNA H 50 K — W A PR A PR A v
G. BEEFIIILE 1,

*®1 ZERFY

1.2 AEHEAR

MRSA | 4 74 AR 0% 4 B €0 1 49 BRI
(methicillin ~ sensitive Saphylococcus aureus,
MSSA). K HFE (Escherichia coli), 77K
(Salmonella, SE)FIZ%E FL(Shigella, Shy¥ i o
PN B SpT ZE s T s il AR A o i RAEAR
IrEEARE R 2,

Table 1 Nucleic acid sequence

Name Sequence (5'—3")

mecA-RAA-F1 AATTCTAATACGACTCACTATAGGGAATTGGGTGGTTTATATCATATGATAAAGATA

mecA-RAA-F2 AATTCTAATACGACTCACTATAGGGACAAATTGGGTGGTTTATATCATATGATAAAG

mecA-RAA-F3 AATTCTAATACGACTCACTATAGGGCAGACAAATTGGGTGGTTTATATCATATGATA

mecA-RAA-F4  AATTCTAATACGACTCACTATAGGGTGGCAGACAAATTGGGTGGTTTATATCATATG

mecA-RAA-R1 ATACACTTTACCTGAGATTTTGGCATTGTAGC

mecA-RAA-R2  ATCATACACTTTACCTGAGATTTTGGCATTGT

mecA-RAA-R3  CTCATCATACACTTTACCTGAGATTTTGGCAT

mecA-RAA-R4  ATAGCTCATCATACACTTTACCTGAGATTTTG

mecA-crRNA1 GGGATTTAGACTACCCCAAAAACGAAGGGGACTAAAACAACATTAATAGCCATCATCATGTTTGGA
mecA-crRNA2 GGGATTTAGACTACCCCAAAAACGAAGGGGACTAAAACCTTGTACATCTTTAACATTAATAGCCAT
mecA-crRNA3 GGGATTTAGACTACCCCAAAAACGAAGGGGACTAAAACAGCCATTCCTTTATCTTGTACATCTTTA
mecA-qPCR-F ATTATGGCTCAGGTACTGCT

mecA-qPCR-R TTTGCCAACCTTTACCATCG

FAM-20U-BHQ1 FAM-UUUUUUUUUUUUUUUUUUUU-BHQI
FAM-20U-Biotin FAM-UUUUUUUUUUUUUUUUUUUU-Biotin

mecA GenBank: NG_047936.1
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*®2 ERER

Table 2  Strain information

No. Sampling source Sampling area Strain type Sampling time (year)
1 Pus Shenyang MRSA 2011
2 Phlegm Shenyang MRSA 2012
3 Phlegm Shenyang MRSA 2011
4 Phlegm Shenyang MRSA 2012
5 Phlegm Shenyang MRSA 2012
6 Phlegm Shenyang MRSA 2011
7 Phlegm Shenyang MRSA 2011
8 Phlegm Shenyang MRSA 2011
9 Phlegm Shenyang MRSA 2011
10 Phlegm Shenyang MRSA 2012
11 Phlegm Shenyang MRSA 2011
12 Phlegm Shenyang MRSA 2011
13 Phlegm Shenyang MRSA 2011
14 Phlegm Shenyang MRSA 2011
15 Phlegm Shenyang MRSA 2012
16 Phlegm Shenyang MRSA 2012
17 Phlegm Shenyang MRSA 2011
18 Phlegm Shenyang MRSA 2011
19 Phlegm Shenyang MRSA 2011
20 Phlegm Shenyang MRSA 2011
21 Phlegm Shenyang MRSA 2011
22 Phlegm Shenyang MRSA 2011
23 Blood Shenyang MRSA 2012
24 Urine Shenyang MRSA 2012
25 Peanuts Beijing MSSA 2007
26 Pork Beijing MSSA 2007
27 Beef Beijing MSSA 2007
28 Onion Beijing MSSA 2007
29 Onion Beijing MSSA 2007
30 Salad Beijing MSSA 2007
31 Duck Beijing MSSA 2007
32 Beef Beijing MSSA 2007
33 Fecal Beijing E. coli 2014
34 Fecal Beijing SE 2015
35 Manure Beijing Sh 2009
1.3 5 MgCl, (ThermoFisher), RNase inhibitor (NEB),

RAA JEAH IR IR G B AR AEY)  LwaCas13a (GenScript), NTP Mix (NEB), #¢)f:
FHEABRA R, ERASE BERAIIRAT( A BF), %E 5 PCR X # £(TaKaRa), 41 4] DNA $2
T7 RNA R4 (NEB), HEPES (ThermoFisher), BURF £ (TIANGEN),

<l actamicro@im.ac.cn, & 010-64807516
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1.7 CRISPR ZHA&N
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FM:2 uL NTP Mix (AU H 2.5 mmol/L). 1 uL
RNase Inhibitor (&N 4 TU/uL). 0.5 pL T7
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Cas13a i RAUK A RIS, CRISPR X 4UR 1A
Z M :4 uL NTP Mix (&9 8 2.5 mmol/L) .2 pL
RNase Inhibitor (ZWEH 4 TU/L). 1 uL T7
RNA B4 M HE J 1 TU/uL) . 1 uL HEPES (&
Wl N 20 mmol/L), 0.5 uL MgCl, (ZHE N
10 mmol/L), 26.5 uL JClf/K . 5 pL FAM-20U-
Biotin (&~ 2 nmol/L) ., 3 pL crRNA (&4 i
A 280 nmol/L) . 2 uL Cas13a (& & A 45 nmol/L) .
5 uL DNA 79, 7E& @ L 37 ClHENE
30 min. EMFE ARG, PR IRACREREAN K 14
FREGRE M ) 9 ooy 2 A0 1, %F4F 3-5 min
R AT PR AR e BORG 25 4
1.9 RKHXZEE PCR &N

fHFHE A TaKaRa (95856 & PCR 3R &
R 10 506 EEFR RIS 19 mecA BibR Bk, Yukt
PRk ER PCR fKFRN: 12.5 pL TB Green
Premix ExII (2x). 1 uL PCR F3i#5 | ¥ (&
0.4 pumol/L). 1 puL PCR F#eg| ¥y (& N
0.4 umol/L)., 8.5 uL JCl§7K. 2 uL HAs DNA,
3£ 20 pL AR R o B HE T2Oha i PCR XL,
95 °C 30 s #EATHIEM:, #K)5 95 °C 5's, 60 °C
1 min, fEISN 40 ¥R, BEAIEIREE R AR —
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1.10 HEFHEERFIE

JA SRR E 3 AN EE AL, IR AL A
At KIS AT ST . CHRIAR W B AL T
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HAFA G ETF T (13.60£0.57)%(P<0.000 1),
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Figure 3 Primer and crRNA design and screening. A: Design schematic of primers and crRNAs. B: The
fluorescence detection results of RAA-CRISPR/Casl3a with different crRNAs targeting mecA. C: The
fluorescence intensity at 40 min after reaction started. ***: P<(0.001, ****: P<(0.000 1. D: The fluorescence
detection results of RAA-CRISPR/Casl3a with different primer combinations targeting mecA. F: Forward

primer; R: Reverse primer.
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4 RAA-CRISPR/Cas13a 75 SE M R 8B ITAN

Figure 4 Sensitivity evaluation of RAA-CRISPR/Cas13a assay. A: Detection results of different dilution mecA
using CRISPR-ERASE assay. B: Results of CRISPR-ERASE assay for 10 copies/uL. mecA. C: Control line, T:
Test line, box is not detected. C: Detection results of different dilution mecA using fluorescence-based CRISPR
assay. D: The fluorescence intensity at 40 min after reaction started. TH: Threshold line; ***: P<(0.001; ****:

P<0.000 1; ns: Not significant. E: Real time PCR detection results of different dilution mecA. NC: Negative
control.
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Figure 5 Evaluation of the specificity of RAA-CRISPR/Casl3a assay. A: The specificity assay of
fluorescence-based CRISPR detection for mecA. B: The specificity assay of REASE CRISPR detection for
mecA. C: Control line; T: Test line; PC: Positive control; NC: Negative control.
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Figure 6 Evaluation of bacterial sample detection. A: Detection results of the bacteria sample with
CRISPR-ERASE, qPCR and antimicrobial susceptibility test. B: Detection results of the bacterial sample using
fluorescence-based CRISPR assay. AST: Antimicrobial susceptibility test; No.: Number; CT: Cycle threshold;
PC: Positive control; NC: Negative control; R: Resistance; S: Susceptible; C: Control line; T: Test line; /:

Undetected.
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%3 CRISPR-ERASE F CRISPR . qPCR ALK ZHUR AN MME AR L5 R3TEL
Table 3 Comparison of the results of CRISPR-ERASE and fluorescence-based CRISPR assay, qPCR and

antimicrobial susceptibility test for bacterial samples

Fluorescence-based CRISPR assay,

CRISPR-ERASE

qPCR, antimicrobial susceptibility test

Positive Negative Total
Positive 24 0 24
Negative 0 8 8
Total 24 8 32
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