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Abstract: The clustered regularly interspaced short palindromic repeats/CRISPR-associated protein
(CRISPR/Cas) has been applied in increasing fields since its discovery. Beyond gene editing, certain
Cas proteins such as Casl2 and Casl3 have shown great application potential in rapid detection of
pathogenic microorganisms since the discovery of their trans-cleavage activity. The CRISPR/Cas-based
pathogenic microorganism detection technology is characterized by high sensitivity, high specificity,
and simple operation. The presence/absence of targeted microorganisms can be quickly determined with
help of the specific guide RNAs designed by bioinformatic analysis. This review introduces the
representative  CRISPR/Cas-based pathogenic microorganism detection technologies. Further, we
expound the characteristics of guide RNAs required by different CRISPR/Cas complexes and provide
guidance on how to design the guide RNAs used in the CRISPR/Cas-based pathogenic microorganism
detection systems, given the importance of guide RNA in the CRISPR/Cas-based detection system and
the lack of comprehensive summarization in this topic. This review aims to contribute to the

development of CRISPR/Cas-based pathogenic microorganism detection system.

Keywords: CRISPR/Cas; pathogenic microorganism; detection technology; guide RNA; specific target
design
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Table 1 Characteristics of several representative Cas proteins

Cas protein Target sgRNA PAM/PFS Collateral cleavage activity
Cas9 dsDNA sgRNA (crRNA-tracrNA) NGG No

Casl2a dsDNA/ssDNA crRNA (T)TTN Yes

Cas12b dsDNA sgRNA (crRNA-tracrNA) TTN Yes

Casl3a RNA crRNA PFS: non-G Yes

Casl4 ssDNA/dsDNA crRNA - Yes
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Lateral flow

Workflow of CRISPR/Cas based molecular diagnostic technology.

TR R ik B OOEHE, @ AT B,
A S BN 5 T RIE A 7 R R .
FEFR T 9 5 e Yk 4 & & H 98 ke S A
A —FE S . Hlin Guk FOHE T
—Fl CRISPR 4+ 5:AJ DNA-FISH 5, %k
i I SYBR Green IfE R 2GRl M 456
NR R H AR, SEELT 30 min PR ARG
AR 2 BR A D PRSI . Bl AR B ) — Rl
VLR T CRISPR/Cas 6 HE A vh it 62245
SEBOF . AuNP %0 R LR S
HIEAY o AuNPs 1 SREE 5 43802 5 M WA 1y
Ak, 5 Rl A 2 B B B e AR f
T X —4, Zhang 2% T DNA-AuNPs
AR, 24 SARS-CoV-2 HEFRg VI #1 )5 , Casl2a
FAVIENE PER S, 30 AuNPs [ DNA
R T 51 S AuNPs 5 4E . AuNPs AR 5]
B 118 WO A 0 A A DA R i Y 0,725 Ak T D 3 5%
AT LI R 1% B2 R IR P e X e SR )
A TMB®, ABTS® V45 He 6o e o 10 F T
CRISPR/Cas il £ A 1 FF % -



FRIR A | 4 2E 4, 2022, 62(9)

3275

Sample addition

Cas12/Casl3a/Casl4 1 oRNA
I oO—0

CRISPR sensing

Signal read-out

Negetive

O—O Reporter

& A I\II:)\nf—\t/a\rget DNA/RNA
iyt vl
—’ u

Wﬁﬂ\
Casl2/Casl3a/Casl4

LAMP/RPA/RT-LAMP...

Reporter _
o--0

Positive v

\‘HﬂigRNA
e 17 '. i 1

Target DNA/RNA

B 2 EHFRAIFEEEHE CRISPR/Cas 1 #7 AR

mﬂ_og-i_ﬁ@ smenil
o--O

Figure 2 Fluorescence probe-based CRISPR/Cas detection technologies.

1.2.2 BFESIHN

WAL 25 5 A B T HAE 5 e O =8, o
Syl R, HAETEA E-CRISPR HE& M2 H
B3 2K CRISPR/Cas 455 Hi {5 i UM €
WA, Bl —EXWERRS, LAY
N aet 7 UK STy el RN X Ve o =R UL

Sample addition

—

P G AAAA
(1

—_—
LAMP/RPA '

B3 ETFHELFEHE CRISPR/Cas /4 &R

Working electrode

S e BoE HE A Cas & H I PEXS
ML AR BEA T U, AT 5 | — 2R 9 A Al S B
SERE (A 3). BN Zhang ST T —Fl
H1 MB 418 1) & <4k DNA #4550 F o i F Ay
GRIGZEINGEM, AR 7 T fE i il iR
T, AR R RARR IR BN . TS Cas12 2

Electrochemical response

Negative

Target DNA/RNA

Positive

Figure 3  Electrochemistry-based CRISPR/Cas detection technologies.
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Figure 4 Lateral flow assay-based CRISPR/Cas detection technologies.
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Table 2 CRISPR/Cas-based pathogenic microorganism detection technologies
Pthogenic Cas . Slgnél . . . .
. . . Technical name  amplification  Sensitivity Time Signal output ~ References
microorganism  protein
method
SARS-CoV-2 Casl3a - 100 copies/pL In 30 min Fluorescent [17]
signal
Casl3a SHERLOCK RT-RPA 42 copies/reaction In1h Fluorescent [18]
signal,
lateral-flow strip
Casl3a - HCR 6 copies/uL Inlh Fluorescent [19]
signal
Casl2a opvCRISPR RT-LAMP 5 copies/pL In 45 min Fluorescent [20]
signal
Casl2a - LAMP 20 copies/reaction  In 40 min Fluorescent [21]
signal
Casl2b STOPCovid LAMP 33 copies/puL Inlh Fluorescent [22]
signal
Cas9 RT-RPA 100 copies/pL Inlh Lateral-flow [23]
strip
Salmonella Casl3a APC-Cas Allosteric probe 1 CFU/mL About 2 h Fluorescent [24]
signal
Casl2a G-CRISPR/Cas LAMP, 20 CFU/mL About 30 min Fluorescent [25]
G-quadruplex signal
probe
Casl2a - AuNP 1 CFU/mL About 90 min Naked eye [26]
observation
Casl2a BCA-RPA-Casl2a RPA/AuNP 1 CFU/mL Inlh Fluorescent [27]
signal
Casl2a Casl2a-Ddp RPA 1 CFU/mL About 40 min Fluorescent [28]
signal
Cas9 - Biotin tag 100 CFU/mL In3h Naked eye [29]
observation
Saphylococcus  Casl3a CCB-Detection  PCR 1 CFU/mL In4h Fluorescent [30]
aureus signal
Casl2a - Allosteric 10> CFU/mL About 45 min Fluorescent [31]
probe/Aptamer signal
Casl2a - RCA/Aptamer 10 CFU/mL About 20 min Fluorescent [32]
signal
Casl2a - LAMP 2 copies/uL Inlh Fluorescent [33]
signal
Casl2a E-Si-CRISPR Silver 3.5 fmol/L About Electrochemical [34]
metallization 45 min signal
dCas9 - SYBR GreenI 10 CFU/mL In 30 min Fluorescent [6]
signal
Escherichiacoli Casl2a - Charge change 3 nmol/L About 1.5h  EIS [35]
Casl2a OCTOPUS RPA 1 CFU/mL In 50 min Fluorescent [36]
signal
)

http://journals.im.ac.cn/actamicrocn
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Cas9 - Rolling circle

amplification

Mycobacterium  Casl2a CRISPR-MTB RPA
tuberculosis

Casl2a - RPA

Casl2a - PCR

Casl2b TB-QUICK LAMP
Yersinia pestis Casl2a Casl2a-UPTLFA UPT

Casl3a - RPA
Campylobacter  Casl2b -
jejuni
Listeria Casl2a E-CRISPR RAA
monocytogenes

Casl2a Casl2aFDet RAA/PCR
Vibrio Casl2a - PCR
parahaemolyticus

Casl2a - LAMP

4.0x10' CFU/mL  About2h Fluorescent [37]
signal

50 CFU/mL About 1.5h  Fluorescent [38]
signal

4.48 fmol/L About 4 h Fluorescent [39]
signal

500 CFU/mL In3h Fluorescent [40]
signal

1.3 copies/pL In2h Fluorescent [41]
signal

1 CFU/uL In13h Fluorescent [42]
signal

4.2x107 copies/mL  About 3 h Fluorescent [43]
signal

10 CFU/g About Fluorescent [44]
45 min signal

26 CFU/mL In2h Electrochemical [11]
signal

1.35x10° CFU/mL  Inlh Fluorescent [45]
signal

1.02x10% copies/uL  About 2 h Fluorescent [46]
signal

30 copies/reaction  In 50 min Fluorescent [47]
signal
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Figure 5 SgRNA structure of some Cas proteins.
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% 3 CRISPR/Cas iZ i A 5| 5 RNA &t 0

Table 3 Design principles for sgRNAs used in CRISPR/Cas-based diagnostics

. Protospacer .
Cas protein Scaffold+Protospacer (5'—3")
length/nt
SpCas9l’” 20 ProtospacertGUUUUAGAGCUAGAAAUAGCAAGUUAAAAUAAGGCUAGUCCG
LbCas12al™ 20 UAAUUUCUACUAAGUGUAGAU+Protospacer
AsCas12al™! 20 UAAUUUCUACUCUUGUAGAU+Protospacer

AacCas12bM1 20

GUCUAGAGGACAGAAUUUUUCAACGGGUGUGCCAAUGGCCACUUUCCAGGU

GGCAAAGCCCGUUGAGCUUCUCAAAUCUGAGAAGUGGCAC+Protospacer

AapCas12bP3 20

GUCUAGAGGACAGAAUUUUUCAACGGGUGUGCCAAUGGCCACUUUCCAGGU

GGCAAAGCCCGUUGAGCUUCUCAAAUCUGAGAAGUGGCACHProtospacer

LwaCasl13al'™ 28

GAUUUAGACUACCCCAAAAACGAAGGGGACUAAAACHProtospacer

YR RS, RECRE R R 4P protospacer
BREE, FrFME R LM protospacer 1 G TT 2
FERTIN B A5 s FEORST, DAPRIIERE 8 X5 Ji
APk o BEAMX B A S BRI H AR DL AR
1) BT PRI R ERANAEAE , DAHEBR A I 2 2 v
FRPESS SR . X T RER 3 I i A P ke i, B2
FEAEPRSFVESE 4 P o i r P AG  JE 1A]

YT B invA JERE PO B mIRE tih 5
PRIOT A A 2R TR B priA SRR 1% G u
FEEE O S e iRl , JFHTE PCR, %
A Tt PCR S5 HoA 43Rl 5 2 v 2 4 ok 2
FE EbRI T o DRI sk e 35 DR T A R 4R
A 16 Y protospacer. H T AN[A] Cas 5 H 720
5 PAM i A BB IS 264751 5 RNA 554 1Y
454, P AT DU 3 3 1A [F] 1 PAM. A7 5 B T
B iE K 0P Y RAE A 5L protospacer,
ALY protospacer HFATTELLL M Al BLAST
KA 2 S BT 1Y) protospacer, 7E4T i PAM
7 5 s, 5 T B AN A Cas 2 MR A9 PAM 7
15515 RNA H protospacer ¢ 55455 197 1)
DB AR—Z, Bl Cas9 Frifil iy PAM i S0 F
4 protospacer H.#MNT 41 ()5 ¥, 1 Cas12a Frif
B PAM i &3 47 F 5 protospacer H. 4T 41
BB S o S A U B A A e BB T s R
SEPER TS RNA, 08 I B Al . 491l

U You 25O 8 19 3L T Cas12a T g v B HB/R
RV AP 2 A, FESETT crRNA BT,
Ve BB R ZR TR A 4 ARSI R S LY, XA
MZER AT T Casl2a FrRLF I “TTTN” ) PAM
LS TR E o BETT 3-5 4~ crRNA ST, i
BRI MR TR 2250 . 7 ff 0 B A L )
FEWJE, & AT DA — 2 R 40 Lokt T EL A 4
DNAMAN, DNASTAR ZEiEf7 X}, 6w
PRAF I, X HE A A TP 548 protospacer.
B Yo SEPUER S E R R Td PR
(SF)5 |5 RNA B}, 7ERRBURRIY SF 17515 ,
i ClustalX 2.1 #E4THXF, #i%E T SF RS
X35, BEHBE PAM o7 55 T8I A — B e 1R T3 41
{4 protospacer,

TR Z E 28 48 19 ¥R B8 2 7 0 () 58
Pz i B3R EI 535 1 protospacer B, — B4
E VR A Y5 B i AR RE S 4k S 538
PR PR B . R B AR R A
RGO FRBIE YR AT EEXT, DABIRAS BT
RS PERE S  Ban7E Williams 25247 18 1 %08
KPGEEAE AR CRISPR/Cas PRIGH A, WF5T
TRVt 5 HOR GO R B iR 2 Fp
fie: £ B} i D 1 O AR R R AT AT LR SR T
crRNA, Ffifiid BLAST FLXTHA1E crRNA H =
PR, TERR RS OR RARW AT, MELL#EAT

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



3282

Chen Huan et al. | Acta Microbiologica Sinica, 2022, 62(9)

AR DX 43 6 S G A Wy s i e il R by, UG
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SEISIHG A T — b B BB IR AR BRI 4 S A 190 07
WAE(E 6A), BFFEE LRI T B HR /R AR A0
b HB R R FC P i i A B 2 5, DA R R /R
#k CO92 MbrifEER, L ACHS M python
JEI AR L KT ZH 1) 3 7T 100 nt 19 DNA F Bz
X2 DNA i Boili o) R # BLAST Hexf, R
1 7E T A BRI H R AR A XA 4 A 1 R B

TEHAS DNA B2, ¥ DNA R Bedl & ik
HEMK DNA B b5 MEGA-X 3
P AR /R AR 5k K& DNA  F Be i [a] U
JEANHEAT HEXT, DA TIAS 2] GE A B2 HR /R £ 5
AL HE R 25 16 X 43 JF SNP 7 &5, Brfl & 21 SNP
{75 () DNA R BEge4T BLAST fEZR Fo X, HESE
RE A% 0T B IR R AR B A TR AT A S, X4y

% SNP s DNA Jr B BRI Ay o A I 4 o

ALY E WA TF R T —ER TR e AR r A=
W5 B2 A e, IR b % 23 1 25 it
TR )R S PSR AR A 4R (18] 6B). 78 36 [ [ 52 A=
Y+ AR A5 B+ (National Center of Biotechnology
Information, NCBI) #RHUE #h B 1% 3 DX 21 2 P
Jei, DAAS s i bR v R B A 25 i T b e
WAZH%, fHiH] FastANI PV B R AE oL
(average nucleotide identity, AN 7P 2 E
FISEG L RHE, I T Seqkit amplicon
FATIRAL PCR MR PAT & B i =
iR PONEE Ry i ST B SPS A N Sy 7k e R
45 M 09 e ST X A] DLARAS A S 1 5
P o L6 X S A T mist BT 200 845
B, PRI ST A rp HA RN B Y 5148 H]
Neptune #AFFEAT HOXS, 15 3R AL AR Y 51

35680
specific

4 829 756
fragments

539 Y. pestis strains
and 572 other

833 483 97
non-overlapping fragments Y. pestis-specific

R i s MLSTanalysis L
mmTnvaesnrmmmm AN values with C. coli TN VAETEEE 150 C. coli

B 6 fmRMEYSFRIEEIRRETREN

Figure 6 Methods on pathogenic microorganism-specific targets identification***'. A: identification of Y. pestis-
specific tags; B: identification of Campylobacter jejuni-specific tags.
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