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ABSTRACT - Rapid and accurate detection of pathogenic bacteria is crucial for various applications, including
public health and food safety. However, existing bacteria detection techniques have several drawbacks as they are
inconvenient and require time-consuming procedures and complex machinery. Recently, the precision and versatility
of CRISPR/Cas system has been leveraged to design biosensors that offer a more efficient and accurate approach to
bacterial detection compared to the existing techniques. Significant research has been focused on developing biosen-
sors based on the CRISPR/Cas system which has shown promise in efficiently detecting pathogenic bacteria or virus.
In this review, we present a biosensor based on the CRISPR/Cas system that has been specifically developed to over-
come these limitations and detect different pathogenic bacteria effectively including Vibrio parahaemolyticus, Salmo-
nella, E. coli O157:H7, and Listeria monocytogenes. This biosensor takes advantage of the CRISPR/Cas system's
precision and versatility for more efficiently accurately detecting bacteria compared to the previous techniques. The
biosensor has potential to enhance public health and ensure food safety as the biosensor’s design can revolutionize
method of detecting pathogenic bacteria. It provides a rapid and reliable method for identifying harmful bacteria and
it can aid in early intervention and preventive measures, mitigating the risk of bacterial outbreaks and their associated
consequences. Further research and development in this area will lead to development of even more advanced biosen-
sors capable of detecting an even broader range of bacterial pathogens, thereby significantly benefiting various indus-

tries and helping in safeguard human health
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S7FskaL ot vhe] @AM E o] -&-38te] AEZLHCOVID-19)
npolgf o] etk Huk opuet £45 Fof AdEE thE
23 O s 719 HAE Wil vlE 2o A&
stal gt AEE F e
A3 wrelgol 9 M) Al&star WztkstA Aol
ok 2 YA AW, A8, 4ES D39 7
2R el B9 Foe PR,

HES Fol 49
PCR, gPCR, RT-PCR,
amplification), next-generation sequencing 5, A} -2
HE 7INe g 3 W AF Wye] BiEa oY,
oleol i WIZkE, A, AEKA, Y F5 T
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AN RS
£ ZZ(isothermal nucleic acid

I Fo| A% CRISPR/Cas & & #4lS W7 e 7|&
Z9] shtolH, o] AlxHe] AR 4SS 9FA PCR
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CRISPR/Cas A =€ ¢] 25 dE]& Al SAZ FEHET
AAA = AH-g T spacer 2 S(adaptation or spacer-
acquisition), FHA| = crRNA Z % (crRNA processing or
biogenesis), AW A= 7Hd (Interference) GAIZ +E2 F
AH A AL g T spacerd 5 DA =
€% DNA/RNAZ} dheg]o} ¢to 2 Soisghs A-9-ef o
Fo]7It}. 2% DNA/RNAZ protospacer2}2l 31 protospacer
+= Casl/Cas29] B-gAo) o3 s, dE spacers
ZH21e] DNAY AFd3ted spacerg S 53HA HETH?. o &
Al BE5H spacer= HE 20-58 bpe I7]E 7HAH, o=
Ql3te] CRISPR Aol T =]A HH.

FHA DA orRNA 2§ @AlA = CRISPRY % ]l
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CRISPR RNA (pre-crRNA)Z AALE 2 543 endo-
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CRISPR/Cas A AEIS 223t Vibrio parahaemolyticus
BE0| 7Fs3uo| 0] I
18541 olerz]o} 2JA}Ql Filippo Pacini= Florenceol| 4]
AS dodle Hdw#S st T HE2E e
ARJAFR V. choleraes HZASIAL, AAl F 58271 &
o] B FARE o] RAFJATFSD, Vibrios (Vibrionaceae
strains) = % 54 7HolH, 24 2 S99
A E-91 Gammaproteobacteria®l] &3l= I3 4ot
T2 G, ohr B Al S0 Bel wHaEy H 71|
o] AEE, fHdd EAES Tt ATHY. BlEE e
FolX V. cholerae, V. vulnificus, V. parahaemolyticus= w2
< Tl =] S doTl= Wedo|oPtY. e
FE A FFE wron, 2E7F WIS A= A7l @l
eSS Bl Bol ZFEu®. B3, V parahaemolyticus=
ey FARIFORA A, TE, &,
AL 55 dole AR dEA A, FoETE
2 2] 9 = e A
Zo| wl-§- T3 V parahaemolyticus = 7AZE317] %
Hlo] @ AlAJ o] CRISPR/Cas A2~ o]-&&}3 QTh(Fig. 1).
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A&k HelshA % %5} 1918 oA AZS AHE
Ue FH AHgo] 7hsg WHE I CRISPR/Casl2ag ©]
g3t A7 HEol 7 7S ANEs v Aok
CRISPR/Cas12a& AF&-317] 13814 parahaemolyticus 5|
2 FZ1A2] thermolabile haemolysin (#/2)Z Loop mediated
isothermal amplification (LAMP) 7|H O 2 ZSHA| AT} &
2 7Ax¥ LAMP A ¢S vlolaz 3 d4% whg 7
Hel wjg] HrlelFi FE3 A
AloFS BEGAIZTE o] Wk FHIL %"1
g EE0= ’eQE LAPM

V. parahaemolyticus

™, 30 copies/reaction (600 pL samples) <] 7&% SHA] (limit
of detection)2 HoIFAtt L3 54 Axd N =
Aok BAT & ek 4ol Qo) e A 5% 7]
He =99 F Jd= 7FsAE AAEEE (Table 1).

V. parahaemolyticusE HA&E3shs % thE WHS CRISPR/
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Fig. 1. Schematic illustration of CRISPR/Cas system for development of biosensor.

Table 1. List of CRISPR/Cas systems used for detection of pathogenic bacteria

Bacteria Target gene Amplification Sensitivity Detection method  Ref.

V. parahaemolyticus Thermolabile haemolysin (¢//) LAMP 30 copies/600 pL reaction Colorimetric 40)
V. parahaemolyticus Thermolabile haemolysin (¢//) LAMP 9.8 CFU/reaction Fluorescence 41)
V. parahaemolyticus Thermolabile haemolysin (¢//) PCR 1.02x10* copies/pL Fluorescence 42)
Salmonella invA RAA 2 CFU/mL Fluorescence 45)
Salmonella - - 8 CFU/mL Fluorescence 46)

E. coli O157:H7 1fbE RAA P IIOZSIFJ%“L’L La;fgrggcvz:cssay 52)
E. coli O157:H7 Shiga-like toxin (s7x2) LAMP 1.22x10° CFU/mL Fluorescence 56)
L. monocytogenes LMOSLCC2755_0900 RAA 26 CFU/mL Electrochemical 59)
L. monocytogenes  hly, prf4, hypothetical protein gene RPA 4.4 CFU/mL Fluorescence 60)

LAMP: loop mediated isothermal amplification; PCR: polymerase chain reaction; RAA: recombinase-aided amplification; RPA: recom-

binase polymerase amplification
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Salmonella= 17§43} FE|F2E 407+
42 2 18391 Soholerin® 2J3] A5 LA AT, 4]
F& FolA AhsEe BYA Al FolA P A &
JgE 83 mAE = d}o|t}l. Enterica oL
Salmonella 7382 ol F&
Salmonella 8382 IAHo 2 o
Wy s Abgake] dHAlS Tor‘?z's}ﬂ] o g7 A
Folle Weddo] WAL A7k e FE T 2T
Angt 4ES fdea?. adds Bttt
Salmonella7t Y9/d& 7FAaL 7] witol| &+
Holl A 1P A1 QIR QA=A v, meba], 450w
23 ZsA A&7 g A3t o] FofRA AL Ut o]
of tjgk sl A<l Yo = CRISPR/Cas Al 2=HS o83

Yy

o] Iis3t

Salmonella 3%

2% &4

AE WS ahskaak dvk(Fig. ).
3]4do] 7}s?k Halbach A=Y viaula} viavE de

7F =7}t e WS AHE-Ste] DNAS] FEsta BA g
% recombinase-aided amplification (RAA) W'Y ©]&-3}
o] FZA|7] AHE-S CRISPR/Casl2a &2 3} Agsl==

39, HAEHor FF AR AFE ARE I F

JEE AASIATE. RAA-CRISPR/Casl12a Al2HS chNA
o wet Solge] @ebAs Ho] EAH AGe] FuA<

crRNAS} H] AH Al crRNAS A5t 333 7&1\:_ B3

g BoM APA AL ATk BT, 100 nMe) 5
=9} 459 W 2ETh b Fe Mg TS veh

Bu|2Q ATEAN Salmonellas AFAA DNA Y= +%
o7} 3}o]s Bl %] (hyperbranched)® 1 #H(hybridization) $1
A Wl 7zl AESHe We] AUtk o] ATl A}
$9 1% T AES dojdl B4 Aole] 914 2 EA
32 Fal A4 Mg Dot sgold Rk glo] F
ZEn] o) DNA Age] A4 AEE 913 Woln®,
AP A 2] DNA vi=tx wj7fe] sho]s Balx]e] HCR
(tetrahedral DNA  nanostructure-mediated  hyperbranched
HCR, TDN-hHCR)E A& 7%~ 7]1&9] HCR WH =T
oF 700 O mWE £EE REgo] o]FojdH £ U m
2}4, o] Ao TDN-hHCR3} CRISPR/Casl2a A2~
HS o] &3 Salmonellas FAET + I EZHA
Salmonella®] 2 F5 DNA A& 2 A3ty FE3517] 9
3|A] nle] oMl E DNAZ ®XAE AuNPE o] &3l §
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7] (forster resonance energy transfer, FRET)S 71 3tth

wl2bA], TDN-hHCR 7]9ke] &3¢ Az wel Salmonella
o] FHE FEHE 5 Ut} o] 71ELe B WY At B
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DgE 359 Z4ole Helgo] ofstE A 919u v
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wge] dgREe ol 54 54< 7 Qo) T
A HUY 5 e Sle) AR BT v 2
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E. coli, EPEC), F#Z84) t*d(enterohaemorrhagic E. coli,
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L. monocytogeness %1713}8t vlo] @AM E o]-8-3te] A
Zole d77F B E v ok #S HES] et L
monocytogenesgl Eol& §7AFel LMOSLCC2755 0900
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CRISPR/Cas12a%} 1S 52 2493}
sttt A=W o R 171818 vlo]| QAN E ARE-sE
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& 7 Aok AL 49 Casl2a®] H]
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Wil ARx7E 324 FsHl "tk ol g RAAE 714k
© 23 E-CRISPR 7]&& 0.68 aM2] DNAS}H == Wik
A= 26 CFUMmL, 91HFE A ElXE 940 CFU/g
o] A& s 7K ZoR AU,
CRISPR/Cas12aE ©]-8-3}3 L. monocytogenesS 7A&3t=
T & 7|&E2M, micro-amplification *H S AME-SF A
7F B up Qlt) o] A= it ZEOﬂ 37K fA
A2 AHgEtE =T, AR E SARRE L monocytogenesS] E-

ol FHAE LT hly, prfaet 7M. A FZTL AL
L5900 529 #8122} CRISPR/Casl2as 3he] wk-S-
FHOA yhgo] o] FoXEE AAGAT. HFTH R o
o] f7E Adtshr] flaix FF =40 BdE Foled =
o7 RIF F UESF AZatgict. RT-PCRY WS v
AZ A5 Aole gllem, HFH o= QAFTE AR
°lX 44 CFUgZHA 9] A& dAE EAH.

Conclusion

CRISPR/Cas A]|2=®] WFAF} Cas §49 EA AFE =
3 FdA 913 Jle 2 B2 A el B 7)o
= 39t} 3], Casl2a, Casl3ax dAtol] i3l H& AE
At BoldS 7HAAL Qlof ulo]l QAIA okl Fo] &

L5737 Ut} Casl2a®} Casl3as H|Eo|d Aot &AS 7}

Aol Yok HolA M2 3k AE 71€<] SHERLOCK,
DETECTRe] /W= A2, 20198 T2 Ay S 7o
™) CRISPR/Cas A|2=8]o] B2} Atk 7% AMEE 4
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