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Application of CRISPR/Cas System-based Biosensors in Detection of Foodborne Pathogens
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(School of Health Science and Engineering, University of Shanghai for Science and Technology, Shanghai 200093, China)

Abstract: The CRISPR/Cas system can recognize foreign DNA, cut the target, and block or silence the
expression of the foreign gene. Due to its precise targeting function, the CRISPR/Cas system has been developed
as a highly efficient gene editing tool. With high specificity and operability, the CRISPR/Cas system has been
combined with biosensors to improve the detection specificity and efficiency of the sensors. This review
introduces the characteristics and applications of CRISPR/Cas system, analyzes the latest progress in the
application of CRISPR/Cas system-based biosensors in the detection of foodborne pathogens, and summarizes
and prospects the application of such biosensors.
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CRISPR/Cas % 4t ' gRNA [ & A , B 2 & IT
KT 1P PfAgo 1% % Bl A 5 1A A% 8 R I 2 AR5, g
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Fig.2 Schematic diagram of Casl2a-based visual nucleic acid rapid detection method
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Fr ) A0 D) B 7 OB B KW )1 . Casl2a M
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DNA C(single-stranded DNA, ssDNA) # & 7
Tl HAR KU, Casl2a 45 55 BB U EIIE M, 2
H #r DNA JF 547 15 B, & 22 dEAT B 55 7 1 05 4k
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Table 1  Structural characteristics of different Cas proteins and their application in the detection of different pathogens
Cas
Cas 227 RNA RS R R AEBAR E/ . LRl 2%
I 1= ¢ : wir Eﬂ” T kg s oo
E4S s Byt By gl i3 EEM Eapit] EN o} SCik
RuvC Al AL 2= R
PAM  sgRNA dsDNA —  dsDNA EWOMAERE 1.5h  7CFUMmL [25]
HNH i 3%
RuvC fll ALY . .
PAM  sgRNA dsDNA —  dsDNA RCA KA 84min 10 CFU/mL  [26]
Cas " HNH TR
as
RuvC Fll EnA=D e .
PAM  sgRNA dsDNA — dsDNA T RpA S A A PR 45min 1 CFU/mL [27]
HNH WAk A
RuvC Al B2 A o .
PAM  sgRNA dsDNA —  dsDNA we  LAMP  PTTIKE 50min 1 CFU/mL  [28]
HNH LRy
dsDNA FI dsDNA 8¢ b &8 A 44% o e e .
PAM  cRNA RuvC ssDNA PCR WK 45min 1 CFU/mL [29]
ssDNA ssDNA  J&as
dsDNA I dsDNA 8 Eb & 441 s ;.
PAM  oRNA RuvC ssDNA B AMP  EJ i i R 25h 490 CFU/mL  [30]
ssDNA ssDNA A
dsDNA I dsDNA 5 R4 fE
PAM  c¢RNA RuvC ssSDNA LAMP  RAGFEWITKE 2h 1 CFU/mL [31]
ssDNA sSDNA &4
dsDNA Fil dsDNA 8 R AEWE e e e
PAM  cRNA RuvC ssDNA — RATIEIDITTIR 3h 23CFU/mL  [32]
Casla v ssDNA ssDNA & as
asl2a o
dsDNA Fi dsDNA 5% 7 %2 i 4k N )
PAM  c¢RNA RuvC ssSDNA PCR/RAA V[ TIKH 105 min 20 CFU/mL  [33]
ssDNA ssDNA Wik s g8
dsDNA I dsDNA B¢ 7 2 1 A4
PAM  c¢RNA RuvC ssSDNA ! — RAGZEWITIKE 2h 110 CFU/mL  [34]
ssDNA ssDNA ¥tk as
AL ) FURZ A A 2 .
PAM  cRNA — — — — . RAA Y 115min 26 CFU/mL  [24]
(e 2= ks B
AL ! )
PAM  crRNA — — — T emm — MAGFEYITRE  60min 160 CFU /mL  [35]
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PR S i K A 2 M
5 A I S
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ke 325 403 He 4
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& %%
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& K2R
S :tf >
— — — — — — Z;Z;ﬂﬁﬁ RAA S OMAEERE  70min 540 CFU/mL  [41]
W EHT IR
— — — — — — Zfé{’;mﬁﬁ RAA SEEMEIRE  1h 20 CFU/mL [42]
\‘ﬂl N = [ )
— — — — — — Zéﬁ}g*}”ﬁ LAMP WK & 90 min 1.22 CFU/mL  [43]
NINNES iR
— — — — — — Z;QEWA RPA U A 2 FRLAT T 55min 10 CFU/mL [20]
R FEW TR
KImAFH#E 0157:H7+
[k BAAZ A B A= 2
PAM — —  dsDNA — — AW RAA R ARG, 70 min 1.66x10 % moljuL [44]
3% 4 TE R BR T
B o IR
FEZF AT
7% i Ry 1 )
96 CFU/mL;
% 4 14
Casl3a VI — B RS TN ijjﬁﬁif@%
[l YL 12 . M TF :
- NI AT B ST
PFS  oRNA  HENP  ssRNA ssRNA ssRNA %) RAA o . 60min 40CFU/mL;% [45]
e [T TN —
= AR AT
26 CFU/mL ; B
I 4= M7 5 B -
32 CFU/mL
PN
— ctRNA  HENP  ssRNA ssRNA ssRNA ;g nie — RS 20min 10 CFU [46]
— ¢tRNA  HENP  ssRNA  — — ;;g nfe PCR SHEHERE  4h 1 CFU/mL [47]

7R RTCRAA SR ARG N T4 0 SR 5 3 H5 A MR B & 1 45 47 1 Callosteric probe-triggered isothermal amplification) ; B lidf 3 % 147 T
& Cronobacter sakazakii; HENP 45 151 55 A% AL W) RN G A% A= WL AT TR 45 4 5 95 1 50 22 WTr T 8 Listeria innocua s 7 I 28 W7 1 1 Listeria ivanovii .

G IRAR A 1, BT A SR Tn AR IR B A, T E I CRISPR/Cas 5 5t ££ 4= W) % I8 4 U A 2 Fh M
5T e BOR AR OB SR IR Ot S A AR AR M AL S AR AR IR AR . XL
TE AN AN G 5 A B SR IR R I I S BoR TR A% & 4% £ B CRISPR/Cas 2 48 % £ U5 1k B0 18 ¥
KAB 5 5 LU 25 SR wT WAL, A 0y Ji 38 O 1] 3048 SE LRy B IR A HE R 00 BE 77, R RS S RO
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Fig. 3 Detection schematic diagram based on CRISPR/Cas system
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% T CRISPR/Cas % 4 (1) 2 )t A5 W) A% B 45 ] 5K
I VR M BORE B0 R B A AR R S AT
BERRY 3G, W] o R TR BRSOG4 2
Ko HZIRY W BV KA 8T LAMP S8 AR5

REE Ma BT KT 1R LB 58 A A RS
UL B 4Co) , ml A £ 4 R S, oyphimurium s K TG
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