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Abstract

Rapid, sensitive, and specific detection of pathogenic microorganisms is crucial for clinical diagno-
sis and infectious disease control. Early and accurate detection is an effective measure to quickly
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control epidemic outbreaks, especially in the absence of effective treatments and vaccines. Poly-
merase Chain Reaction (PCR) is a commonly used nucleic acid testing technology and the “gold
standard” for disease diagnosis with high sensitivity. However, it often sacrifices specificity. En-
zyme-Linked Immunosorbent Assay (ELISA) is a rapid and highly specific diagnostic tool for pro-
teins and small molecules. Nevertheless, its low sensitivity and complex sample preprocessing steps
greatly limit its application in on-site testing. Therefore, the development of rapid, sensitive, and
specific detection technologies has become an urgent need. With the application and advancement
of technology, the excellent performance of CRISPR-Cas based biosensing systems has attracted at-
tention in the development of pathogenic microorganism diagnostic techniques. This article re-
views the mechanisms and principles of CRISPR/Cas systems in pathogenic microorganism detec-
tion, summarizes the advantages and disadvantages of novel detection technologies, and provides
an outlook on their future applications.
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1. CRISPR-Cas &£ ¥I1RZGHHAE &

CRISPR/Cas £ %t: — M W) E 40 B Ao 40 i b ok DA SR L R A e, A o — il 1 40 0% R 485k
W75 0 W ] A AR AR AZ IR N AR o 12 R SR AL A — AN BR Dy BRI ) 1) R 6 [ S 2 &2 7 41 (CRISPRY) ) K
52 DNA FEZFI—Fh i CRISPR K14 /) CRISPR A5G 1 (Cas). CRISPR/Cas A4 ¥4 &k & G4 SERX BR 1) 7
FE BTG IS S, WSO R LB . 1% R G0 H T SR A AN I R 43 | S e 2R AR K I A 5
R 2 A5 1 (SNP) % 52 [1]

2. CRISPR-Cas RE: /5 E

KEHOEE B YN T B AMNE 5 DNA Bt RNA FINAR, 1 BRI SN PEYD R A A2 okt 4k
Ui E DNA B RNA BEATREMRVIH], JFSRANREBAE B B, Zad — R G e Rk 4 4 3]
CRISPR #:[H i, CRISPR :[K it — £ %1 CRISPR [441. CRISPR #%(Cas) 8 14 3 K Al H A [7] 1] B
Yoy B E B E T A (2] 1 Fh S B AL R Ge bl R g B R AR [ B 7 ] SC 52 % 4 (clustered  regu-
larly interspaced short palindromic repeats, CRISPR) 5% ik & - (CRISPR/Cas) & 4t . #/MEVI it N7 )5, CRISPR-
Cas FEDHHEf ik “i& i - FIk - T BKI=Fr B )N,  DARA W B AR ZE /s E A0 I A R[3]. 1R
P T-HRB B FH ) Cas 2N 2%, CRISPR-Cas REEAI 4 AMK . | 259 RIAT DRI R £ A Cas
R E . I RRFE—F Cas HH. R EANTHREE, CRISPR-Cas REJEHI AT LS RA [ 12K
R, IF HIX SRR — 540 R 55 Cas B E AR RIEAY . St A FE R, 1L 1A IV B8 T 1 28,
M VA VIERET 1 25[4]. 4, CRISPR-Cas KR4It | — 4B — ML Bk, i1 Hae
5 X 3 SEAZ IR b1 BB A T S L 5 A AE BRI A A 1 [5], — &1 Cas RN RN B A (= - 9]
) FI AR 5 1A% R B A PE (trans- i #E) . 11 28 Cas 5]'% RNA (QRNA)E &1k, A 11 % Cas9. V #
Casl2a. VI %! Casl3a 1 V %Y Cas14 |z FH 2 ) A ) % 4K: 5% DNA/RNA [6].
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2.1. Cas9 4514

Cas9 J& — M X RNA 5151 11 2 DNA VJEIEE H . Cas9 ALFFT{A trans-Ii RNA (tracrRNA)
TE45 4 dsDNA Z i, 7E RNase I (135 8 F % CRISPR RNA (crRNA)E &4[7]. E dsDNA 1EA#ELIE
YIRS DL, Cas9 B /a2 PAM 741, AR5 5001 X, 7E4E dsDNA Fl[a] g X 2 7] 7 % Watson-Crick
BFE ST [8]. RuvC AT HNH 25 448087 ) #1 ¥R (TS) I ZE PAM F_E3iF 3-nt ARAIIESEEE(NTS), LI N B A4
Ui PR OOUEE T 2 (1 (DSB) [9], AR5 Cas AL G o

2.2. Casl2a ¢

Casl2a /& B A B/ IRME 25 MY (RuVC) A BN RNA 5] SR 2% . & 7 ALL B AT 14 crRNA (pre-crRNA),
PR orRNA, 515 Cas F 54 DNA 454 . Casl2a-crRNA MHE/EHfik Casl2a HIR) G55 DL
# % RuvC iEPEAL £[10]. W4 dsDNA 7EH 37Kt &% TPAM 741, 5 crRNA [1IHIRE X 56 4 VLAC,
B corRNA JERL R ¥F . NTS K B 7E RuvC MV AT s EHEATDIEI[11]. VIEI)5, Casl2a fovr&Lfi
FEYIRIRE BRI RuvC T AT 25 1 5 52 55 - Cas12a S trans-3iE-44 1T LAE N 75 RS 2 1 51 45 L 1 D)1 ke
f) ssDNA [12].

2.3. Casl13 5%

Casl13 B &M iz - LLJ% trans-XF HidiE RNA (sSRNA) ) &35 14 . Cas13a AE W5 V) EIFIMEBTHT crRNA
PLPAAE R ZAK) crRNA [13]. —H. Cas13a S5(il)crRNA M EAEH, LLRHIEA 3" & Al X U 2 A7 5 51
(PFS, a/U/C)[) RNA, ‘B &R . By O Rl X385 BARTERICECR, ek — 2 i i
BB BRI LLTE O L. Casl3a ABRAREE FIVIRIAL AL, R 8 X B AL S U I EIm L .

2.4. Casld ¥51¢

YEN CRISPR RS 28 1) — A48T i, Casl4 5 1 28 R4t (1) HoAth Cas 8 1 (I8 % 431K/ 4y 100200k Da)
AHEE, Cas14 # /MY 40~70kDa. L Cas9 —#¥f, Casl4 Hi tracrRNA:crRNA X85 sgRNA 5] 5. Casl4 fE
AT E PAM 751 550 R IR A7 K DNA [14]. Bhoh, Casl4 H#445E[H ssDNA H)E] F ] g X~ 5 I R X
WEEX Z 41, HAMSC IR ssSDNA PRI IN. Casld FM -1 XA T [ BG Y P9 &8 X 38k, R4
T Casl3a. Casl4 £y CRISPR RUN#% 1 — AL, P LMEN—FIRA A& 2 W A A= P i Bk T2
[15].

3. AN[E CRISPR/Cas £ ¥E B R GRS
3.1. CRISPR/Cas e ¥ME ARG A

CRISPR/Cas A=W 18 R G0 b (1K 22 B W% 18 A R SR AR R i vy o e, R HAN R B
AR RE B2 DL EE 70 FE R I E aM 7K-F- /) miRNA [16]. Cas9 7] LAH] PAM Fr oA i s D) FISE R, 1
FAEJIRE#A 10 53 T B TR BRI R DNA Fr BUH T R iiE R . dCas9 1R il BedE AR AR IF 5 ¥R 2 28
fRi& k. dsDNA Hl PAM 74152 Cas9 sgRNA & &V AR & 06 75 % 1. Cas12-14 %} ssDNA F1 ssRNA
HA 2 SR SCOI RS e DR, IO ARSI 77 V208 I 5 & S AL IR Y 14 SR W (1 RPA FI LAMP),
TEL W SR AI2 sl Casl2-14 1 M{E S TOK 3 .

3.2. CRISPR/Cas £ ¥MER R G SR =
tH CRISPR RNA 5| 5] CRISPR 24l Cas9 F1 Casl2 fEsAEAT{a] BALE fl A7 B _HiR BIAE], {H
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A PE 212 54 dsDNA A2 PAM P 4I(%4n, FT-5E dsDNA 1) NGG) A4 ek BRI AT I . 5
4 CRISPR/Cas LM% & & GiE kAT 36T SNP (X 20 A e 40 P AR e, ] BeAEAE B Ik B, Horp
A]BEAE L R BEAS Cas RN+ [4r Pk PAM IEEK[17]. kT Cas9 ) NASBACC 7774 % PAM J751)
HH [ AR SRR (X 20905 SRR S (R 71 [ 18], #E3E T Casl2 HIZEMIME R, 18 S R HIHIK R LK 3R S 51 58
AR g ()7 R DA 2 R e FH T X 43 B A 22 S A4 e B [19] Akt T 2 1) s DX ) 3847 et (PFS) R 5 M)
Casl3a /- FHUHE R A (T s. X TARRZRAR I, = ZE APk AE T Pk AL TR BEAR % 1k Cas-gRNA
TIUE AWM DNA B RNA. BEE WAV T, WMINAELIR . PUARIYE B MR R 155, T2 4Em
A PR PR AR S AT RLIK, 5T CRISPR-Cas [AE ML BRA8 I MERE 75 2Lk — 2D 1R i [20]. HAT, A
55T CRISPR/Cas A=Wk 1% R G0 T LU & SR 44 Y BSR40 B A 1]

4. CRISPR-Cas ARG HE S X RERE N PN A
4.1. AFENIRIERFREEBOV)

EBOV & —Ff ssSRNA Jii 5, JE T 2R ER21], W SBORIERHEH(EVD), BAtEE[22]. FiH
LW AETT 6T H] EBOV £ HE %, RT-PCR [23]/1 ELISA [24)38% F T#:0 EBOV, {HIZK —H
ZEIR . [25]9FK T Al 4mA2 ) CRISPR Ma S8 REA4 k), I S W /8 5 P s 15k e (PA)-DNA 7Kg e it 17
TIRARACEE 73 3 B (MPAD) . It AR AMEPI RIS K X 2 )2 4580 . R w1 dsDNA IR ERGE
1 Casl2a LAVIEISE —JZ (1) ssSDNA ZZHcA, Ml 172G PA-DNA R HT A KB TR L. 22
WIREEANLE, W UEGRHEE RIS L N AT A . [, 3@ 5 23 it b 6K R I & 10 2% il
WIS HbRRE 2 UG {1/ RT-RPA Al mPAD £l E]/0 % 11aM [FEH 20 RNA. t6Ah, TEZSHHHiR
A(REID)EHAZIN mPAD 1 T840 ¥ . JET- CRISPR-Cas ] mPAD H ¥ TIRFZ12WT, FFEMEH
PE R R AR T TH 22 I HH AR R (1 1

4.2. RTHRMNRFHREZIKY)

(ZIKV) & —FP i ssSRNA B 8E. 0] DUB I RHisorp s . PEAT R0 B BRI A% #E[24] . )5 2
SECHAE ) LN R [25] [26] A1 Al A4 RGP [27]. TR IR R R, Y ZIKV (AT RE
RS G AR HA R BRI [28] o DRI, TR i £ s i RBCRIS A 1) A= 1000 5 7 VR AN AR A%
AN ZIKV B R 2 W A B L [29]. K AFIH Casl3 M AIRIEME, R T —MET
Casl3 AEMME AT &, FRANE I i R B & T8 (SHERLOCK) [30] . i3 1 4% sk MG SR &

I 18 (RT-RPA) I, RPA 71 RNA 5% dsDNA. $:5E /2 T7 H3d#2, RNA FEP i & &0 Casl3 P w0k
%5 . SHERLOCK A8 far il 2 MG BUR AL A 1 [1~2aM ZIKA Ji &5, FF X4 ZIKV #1 DENV. 14,
SHERLOCK 1] LB S 7E crRNA FRIRIRE X 51 N [ A B 0 R S B e S, AT m DR ) o e PR 2%

4.3. RTFHAFHEBRHE

B R R 8 2019 Fr it K AE AR K [31]. RAE A DAEALA NG EdE, SR 4000
Z Ji I 110 J3BIFETE[32] 0 AZ R AT N AL B et i 28 5 2 Wi v 22 0 B #2[33] [34]. Wi R G M EE
SR (RT-PCR)Z B s F A 77925, AH MRE I8 i 21) S 56 2 A 75 22 JLAS /NI (9 Ja i ml [21] . Rt 38 9] 7%
BRI O R AR08 R SOl AR ARSI 0 oA 777%% o 56 15 6 i 24 il e B8 PR (FDA) AL T
—FPFR Ny STOP (SHERLOCK — /P Aar ) kMl 28 1) AG: I 757 [35] . STOPCovid AJ LUl IS £5-5 LAMP F
W& A K 59 25 SHERLOCK #44k A—Fh e M #4 % Cas12b (Aac-Cas12b)fiff. LAMP 3 i) ™ 5 St p
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RALAIERDIRT EE 2 5 RNA AT LIS AacCas12b V) E| FAM A9 2 AriL (1) ssDNA #2543 T . STOPCovid
SrBITE 70 4380 AN 40 4380 Py SEIIURE M) RO 26 e 5 4 [34] . SR, STOPCovid BA 97%1
JERPERT 100% 45 . A TIE— D1k RNA SR, (2 TREER I Aifb /e 15 708 N8 RNA 7= &
[36], AT LA INE] 204 33 A% Dl/mL.

4.4. ATFHEMARLBREHPV)

NFLLIRE T 8 (HPV) /2 —F dsDNA i sg, 5 2Rl g R iE A J¢[37]. 7O 120 Ff HPV
HAIrpA 13 R fa HPV 2571, B HPV16. 18. 31. 33. 35. 39. 45, 51, 52. 56. 58. 59 Al 68. HPV16
A1 18 7Y (5 B SR AR B ) 70% [38].  H AT DNA AR5 £ AN fe A 2 IR 59 Blr G 208 1 HPV 257,
FEE[391JF K T —FFKA ctPCR (Cas9-sgRNA-PCR) ¥ 777k, 1% J775FIFH Cas9-sgRNA & 414147 PCR £
DAGT HPV DNA 4384, gk FEH 519 PCRL 434 H AN FLRIR # 0U5E DNA. B, $ERZRALT
HPV dsDNA #3417 Cas9 V)#l, r=4:ff] dsDNA 7] LA AR w5 idid PCR2 gt — 043, Jfidid Bk
IR F VK EAT RS o e 79 AT DA 3 2295 40 M5 D1/mL (¥ DNA. 575 224 8P BRI ctPCR1.0 AN A,
CtPCR2.0 f¥i | T /<[] PCR [40]. ctPCR3.0 it & H T B IR A THE R LT — 23 Skl HPV
DNA [41]. %5 HPV T f¥) DNA SEFR B 64 P4~ Cas9 sgRNA B &R UIE], XA E A IEAGEFELL
N gPCR # M4 (it . Rlitk, qPCR (#4557 BB 18 PR B (C) 2 3 I o 38 3 s A =] 37 AR AR 35 e )
HPV16 1 HPV18, IGiFE T ctPCR HIRJ 47 ML A4S S 1

45 ATHRAHRANREREEBKE

TR FF 4 B P 45 €00 8] 267 BR T O A E BN 22 LN 240 R A 2 —, X 2R AE R R I 2P il A TS
MRA TR COE R BRI ) 5] T B, WA IMRE S 28 O PR 28 RN B IR L [42] o 5 5 IR R AR P PR LE 4
B AT BRI (MSSA) KL, MRSA TS5 A5 i 26 FITE T 2 0 XU B w5 [43] o i FF 420 P8 Ak 4 2 62 7] %6 3K
PRI Gl 5 R AR 2% 03 A P R FH DA R Bk = i 24 51 2 K [44] . Guka 258 A[4510F K T —HFifd s, R
B, PR 7, FRA(CRISPR) T 3 DNA %G JEAL 223 (FISH), F TA:l MRSA. dCas9 sgRNA £ &
YRR BTG, SYBR Green | (SG 1) FHAE dsDNA Ju b 4 5 2 K. sgRNA 11 5 Ja FEPE 3 dCas9 sgRNA
REMDIE M 5 MRSA JERZE 4 [18]. SRIGTEANIN SG | Z BT REAA 9 B 22X M ). ZITIEREEAS
MK Z 10 CFU/ML 1) MRSA Z41#4) .

4.6. BTRVXBHE

K, REEENBUREZ —, B SEEMEGRRA IS, AT A M FEAL ™ 5P [46]. K
JHE R RT RE S S5 PR 45 M 4%t I S A e A R[4 7] o DR R B ASE R R ARG, BT R K
Bt AU AKRRIEZE[48]. Sun S ANFF R T —Fh Cas9 filtk PSR vk, T KB E &8
HHUESE Ui066 J¢ ek KK O157HT7 [49]. 7E4E dSDNA FEERIfEI T, — X} Cas9-sgRNA & &4#
B, £ dsDNA ] NTS BRI, Mk B & mAEff . — B4 SDA 72¥), #tiliiT RCA
FBLAFE A K ssDNA 5 DNA #REH4738, MLk RIGE 5. X PR il K m AT O157:H7, ik
JEy 40 CFU-mL™ A B kbt ok, ERK. Bl A W0 RIRS VT 45 52 bRt i A 36 T 1% 7 i 1 fa
SEVER AT AT R T ik — P 3 s R, Wang 55 A\ [50]4ik1E 1 —FhJk T Cas9 A VIEEFHIY 3 & B (CasInAR)
Ky BEIE K 4 DNA A Ble A5 HNH 51 (1) Cas9 fi§(Cas9n)7E PAM [F 41 I R 51 NS . 55— i
Bt M EEK ZH DNA 13545 ssDNA 751 F 55 AN B RS 38 M [3] 2% — B80T 5k 1K) ssDNA. 22
T2 RIE S S, B O E BEER, Cas9 Al UKL 0.1 #% DU/mL f¥) DNA.
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5 GRTIRE

4% TR, AR b G CRISPR %704 Cas9. Casl2alb. Casl3. Casld. B

CRISPR-Cas 24t LAY &, 0 7 2Wrud i Il 1ReEt. BARKZHAEMER ARG T HER
ERTBG (HRE KRS O I 1 REUE . B WA AR IT i 1. BEE S BRI 115
TN 998 TR A A R AL I 42 81 % G A% B 7 T AR SR A4 G E T, 38 e 2 ) A T Rl A4 F)
SR MEEE T CRISPR WA T, WAl U — 24 AR AR TR, HTRRA. &
HREE L D8 DR B AR WAS S IR . RISPR-Cas R0 10 L BEARK AW K, oTRLTIW, FFKR R
"KIf) CRISPR-Cas F4t, HA7 % M JE e A= ks I 1 B X7 v

SE 3k

[1] Li, Y., Li, S, Wang, J. and Liu, G. (2019) CRISPR/Cas Systems Towards Next-Generation Biosensing. Trends in Bio-
technology, 37, 730-743. https://doi.org/10.1016/j.tibtech.2018.12.005

[2] Jansen, R.,van Embden, J.D.A., Gaastra, W. and Schouls, L.M. (2002) Identification of Genes That Are Associated with
DNA Repeats in Prokaryotes. Molecular Microbiology, 43, 1565-1575.
https://doi.org/10.1046/j.1365-2958.2002.02839.x

[3] Zzhang, Y., Wu, Y., Wu, Y., Chang, Y. and Liu, M. (2021) CRISPR-Cas Systems: From Gene Scissors to Programmable
Biosensors. TrAC Trends in Analytical Chemistry, 137, Article 116210. https://doi.org/10.1016/j.trac.2021.116210

[4] Shmakov, S., Abudayyeh, O.0., Makarova, K.S., Wolf, Y.I., Gootenberg, J.S., Semenova, E., et al. (2015) Discovery
and Functional Characterization of Diverse Class 2 CRISPR-Cas Systems. Molecular Cell, 60, 385-397.
https://doi.org/10.1016/j.molcel.2015.10.008

[5] Hille, F., Richter, H., Wong, S.P., Bratovi¢, M., Ressel, S. and Charpentier, E. (2018) The Biology of CRISPR-Cas:
Backward and Forward. Cell, 172, 1239-1259. https://doi.org/10.1016/j.cell.2017.11.032

[6] Makarova, K.S., Wolf, Y.I., Alkhnbashi, O.S., Costa, F., Shah, S.A., Saunders, S.J., et al. (2015) An Updated Evolution-
ary Classification of CRISPR-Cas Systems. Nature Reviews Microbiology, 13, 722-736.
https://doi.org/10.1038/nrmicro3569

[7] Deltcheva, E., Chylinski, K., Sharma, C.M., Gonzales, K., Chao, Y., Pirzada, Z.A., et al. (2011) CRISPR RNA Matura-
tion by Trans-Encoded Small RNA and Host Factor RNase I11. Nature, 471, 602-607.
https://doi.org/10.1038/nature09886

[8] Anders, C., Niewoehner, O., Duerst, A. and Jinek, M. (2014) Structural Basis of PAM-Dependent Target DNA Recog-
nition by the Cas9 Endonuclease. Nature, 513, 569-573. https://doi.org/10.1038/nature13579

[9] Jinek, M., Chylinski, K., Fonfara, I., Hauer, M., Doudna, J.A. and Charpentier, E. (2012) A Programmable Dual-RNA-
Guided DNA Endonuclease in Adaptive Bacterial Immunity. Science, 337, 816-821.
https://doi.org/10.1126/science.1225829

[10] Dong, D., Ren, K., Qiu, X., Zheng, J., Guo, M., Guan, X., et al. (2016) The Crystal Structure of Cpfl in Complex with
CRISPR RNA. Nature, 532, 522-526. https://doi.org/10.1038/nature17944

[11] ‘Yamano, T., Nishimasu, H., Zetsche, B., Hirano, H., Slaymaker, .M., Li, Y., et al. (2016) Crystal Structure of Cpfl in
Complex with Guide RNA and Target DNA. Cell, 165, 949-962. https://doi.org/10.1016/j.cell.2016.04.003

[12] Chen,J.S., Ma, E., Harrington, L.B., Da Costa, M., Tian, X., Palefsky, J.M., et al. (2018) CRISPR-Cas12a Target Bind-
ing Unleashes Indiscriminate Single-Stranded DNase Activity. Science, 360, 436-439.
https://doi.org/10.1126/science.aar6245

[13] East-Seletsky, A., O’Connell, M.R., Knight, S.C., Burstein, D., Cate, J.H.D., Tjian, R., et al. (2016) Two Distinct RNase
Activities of CRISPR-C2c2 Enable Guide-RNA Processing and RNA Detection. Nature, 538, 270-273.
https://doi.org/10.1038/nature19802

[14] Liu, L., Li, X.,,Ma,J., Li, Z, You, L., Wang, J., etal. (2017) The Molecular Architecture for RNA-Guided RNA Cleavage
by Cas13a. Cell, 170, 714-726.€10. https://doi.org/10.1016/j.cell.2017.06.050

[15] Harrington, L.B., Burstein, D., Chen, J.S., Paez-Espino, D., Ma, E., Witte, I.P., et al. (2018) Programmed DNA Destruc-
tion by Miniature CRISPR-Cas14 Enzymes. Science, 362, 839-842. https://doi.org/10.1126/science.aav4294

[16] Wang, G., Tian, W., Liu, X., Ren, W. and Liu, C. (2020) New CRISPR-Derived MicroRNA Sensing Mechanism Based

on Casl2a Self-Powered and Rolling Circle Transcription-Unleashed Real-Time crRNA Recruiting. Analytical Chemis-
try, 92, 6702-6708. https://doi.org/10.1021/acs.analchem.0c00680

DOI: 10.12677/acm.2024.14123213 1259 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.14123213
https://doi.org/10.1016/j.tibtech.2018.12.005
https://doi.org/10.1046/j.1365-2958.2002.02839.x
https://doi.org/10.1016/j.trac.2021.116210
https://doi.org/10.1016/j.molcel.2015.10.008
https://doi.org/10.1016/j.cell.2017.11.032
https://doi.org/10.1038/nrmicro3569
https://doi.org/10.1038/nature09886
https://doi.org/10.1038/nature13579
https://doi.org/10.1126/science.1225829
https://doi.org/10.1038/nature17944
https://doi.org/10.1016/j.cell.2016.04.003
https://doi.org/10.1126/science.aar6245
https://doi.org/10.1038/nature19802
https://doi.org/10.1016/j.cell.2017.06.050
https://doi.org/10.1126/science.aav4294
https://doi.org/10.1021/acs.analchem.0c00680

Rk %

[17]

(18]

[19]

[20]

[21]

[22]

[23]

[24]
[25]

[26]

[27]

(28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]

(38]

[39]

Li, S., Cheng, Q., Wang, J., Li, X., Zhang, Z., Gao, S., et al. (2018) CRISPR-Cas12a-Assisted Nucleic Acid Detection.
Cell Discovery, 4, Article No. 20. https://doi.org/10.1038/s41421-018-0028-z

Pardee, K., Green, A.A., Takahashi, M.K., Braff, D., Lambert, G., Lee, J.W., et al. (2016) Rapid, Low-Cost Detection
of Zika Virus Using Programmable Biomolecular Components. Cell, 165, 1255-1266.
https://doi.org/10.1016/j.cell.2016.04.059

Li, L., Li, S. and Wang, J. (2018) CRISPR-Cas12b-Assisted Nucleic Acid Detection Platform. bioRxiv.
https://doi.org/10.1101/362889

Li, J., Yang, S., Zuo, C., Dai, L., Guo, Y. and Xie, G. (2020) Applying CRISPR-Cas12a as a Signal Amplifier to Con-
struct Biosensors for Non-DNA Targets in Ultralow Concentrations. ACS Sensors, 5, 970-977.
https://doi.org/10.1021/acssensors.9b02305

Feldmann, H., Nichol, S.T., Klenk, H., Peters, C.J. and Sanchez, A. (1994) Characterization of Filoviruses Based on
Differences in Structure and Antigenicity of the Virion Glycoprotein. Virology, 199, 469-473.
https://doi.ora/10.1006/vir0.1994.1147

Gire, S.K., Goba, A., Andersen, K.G., Sealfon, R.S.G., Park, D.J., Kanneh, L., et al. (2014) Genomic Surveillance Elu-
cidates Ebola Virus Origin and Transmission during the 2014 Outbreak. Science, 345, 1369-1372.
https://doi.org/10.1126/science.1259657

Sanchez, A., Ksiazek, T.G., Rollin, P.E., Miranda, M.E.G., Trappier, S.G., Khan, A.S., et al. (1999) Detection and Mo-
lecular Characterization of Ebola Viruses Causing Disease in Human and Nonhuman Primates. The Journal of Infectious
Diseases, 179, S164-S169. https://doi.org/10.1086/514282

Sullivan, N.J., Sanchez, A., Rollin, P.E., Yang, Z. and Nabel, G.J. (2000) Development of a Preventive Vaccine for Ebola
Virus Infection in Primates. Nature, 408, 605-609. https://doi.org/10.1038/35046108

Rasmussen, S.A., Jamieson, D.J., Honein, M.A. and Petersen, L.R. (2016) Zika Virus and Birth Defects—Reviewing the
Evidence for Causality. New England Journal of Medicine, 374, 1981-1987. https://doi.org/10.1056/nejmsr1604338
Brasil, P., Pereira, J.P., Moreira, M.E., Ribeiro Nogueira, R.M., Damasceno, L., Wakimoto, M., et al. (2016) Zika Virus
Infection in Pregnant Women in Rio de Janeiro. New England Journal of Medicine, 375, 2321-2334.
https://doi.org/10.1056/nejmoal602412

Smith, D.W. and Mackenzie, J. (2016) Zika Virus and Guillain-Barré Syndrome: Another Viral Cause to Add to the List.
The Lancet, 387, 1486-1488. https://doi.org/10.1016/s0140-6736(16)00564-x

Waggoner, J.J., Gresh, L., Vargas, M.J., Ballesteros, G., Tellez, Y., Soda, K.J., et al. (2016) Viremia and Clinical Presen-
tation in Nicaraguan Patients Infected with Zika Virus, Chikungunya Virus, and Dengue Virus. Clinical Infectious Dis-
eases, 63, 1584-1590. https://doi.org/10.1093/cid/ciw589

Pardee, K., Green, A.A., Takahashi, M.K., Braff, D., Lambert, G., Lee, J.W., et al. (2016) Rapid, Low-Cost Detection
of Zika Virus Using Programmable Biomolecular Components. Cell, 165, 1255-1266.
https://doi.org/10.1016/j.cell.2016.04.059

Gootenberg, J.S., Abudayyeh, O0.0., Lee, J.W., Essletzbichler, P., Dy, A.J., Joung, J., et al. (2017) Nucleic Acid Detec-
tion with CRISPR-Cas13a/c2c2. Science, 356, 438-442. https://doi.org/10.1126/science.aam9321

Zhu, N., Zhang, D., Wang, W., Li, X,, Yang, B., Song, J., et al. (2020) A Novel Coronavirus from Patients with Pneu-
monia in China, 2019. New England Journal of Medicine, 382, 727-733. https://doi.org/10.1056/nejm0a2001017
Centers for Disease Control and Prevention (2020) Real-Time RT-PCR Panel for Detection 2019-Novel Coronavirus
Centers for Disease Control and Prevention.

Feng, W., Newbigging, A.M., Le, C., Pang, B., Peng, H., Cao, Y., et al. (2020) Molecular Diagnosis of COVID-19:
Challenges and Research Needs. Analytical Chemistry, 92, 10196-10209. https://doi.org/10.1021/acs.analchem.0c02060
Carter, L.J., Garner, L.V., Smoot, J.W., Li, Y., Zhou, Q., Saveson, C.J., et al. (2020) Assay Techniques and Test Devel-
opment for COVID-19 Diagnosis. ACS Central Science, 6, 591-605. https://doi.org/10.1021/acscentsci.0c00501

Joung, J., Ladha, A., Saito, M., Segel, M., Bruneau, R., Huang, M.W., et al. (2020) Point-of-Care Testing for COVID-
19 Using SHERLOCK Diagnostics. MedRxiv. https://doi.org/10.1101/2020.05.04.20091231

Joung, J., Ladha, A., Saito, M., Kim, N., Woolley, A.E., Segel, M., et al. (2020) Detection of SARS-CoV-2 with SHER-
LOCK One-Pot Testing. New England Journal of Medicine, 383, 1492-1494. https://doi.org/10.1056/nejmc2026172
zur Hausen, H. (2002) Papillomaviruses and Cancer: From Basic Studies to Clinical Application. Nature Reviews Cancer,
2, 342-350. https://doi.org/10.1038/nrc798

Mufioz, N., Bosch, F.X., de Sanjosé, S., Herrero, R., Castellsagué, X., Shah, K.V, et al. (2003) Epidemiologic Classifi-
cation of Human Papillomavirus Types Associated with Cervical Cancer. New England Journal of Medicine, 348, 518-
527. https://doi.org/10.1056/nejmoa021641

Wang, Q., Zhang, B., Xu, X., Long, F. and Wang, J. (2018) CRISPR-Typing PCR (ctPCR), a New Cas9-Based DNA

DOI: 10.12677/acm.2024.14123213 1260 NS


https://doi.org/10.12677/acm.2024.14123213
https://doi.org/10.1038/s41421-018-0028-z
https://doi.org/10.1016/j.cell.2016.04.059
https://doi.org/10.1101/362889
https://doi.org/10.1021/acssensors.9b02305
https://doi.org/10.1006/viro.1994.1147
https://doi.org/10.1126/science.1259657
https://doi.org/10.1086/514282
https://doi.org/10.1038/35046108
https://doi.org/10.1056/nejmsr1604338
https://doi.org/10.1056/nejmoa1602412
https://doi.org/10.1016/s0140-6736(16)00564-x
https://doi.org/10.1093/cid/ciw589
https://doi.org/10.1016/j.cell.2016.04.059
https://doi.org/10.1126/science.aam9321
https://doi.org/10.1056/nejmoa2001017
https://doi.org/10.1021/acs.analchem.0c02060
https://doi.org/10.1021/acscentsci.0c00501
https://doi.org/10.1101/2020.05.04.20091231
https://doi.org/10.1056/nejmc2026172
https://doi.org/10.1038/nrc798
https://doi.org/10.1056/nejmoa021641

Rk %

[40]

[41]
[42]
[43]
[44]

[45]

[46]

[47]

[48]

[49]

[50]

Detection Method. Scientific Reports, 8, Article No. 14126. https://doi.org/10.1038/s41598-018-32329-x

Zhang, B., Wang, Q., Xu, X., Xia, Q., Long, F., Li, W, et al. (2018) Detection of Target DNA with a Novel Cas9/sgR-
NAs-Associated Reverse PCR (CARP) Technique. Analytical and Bioanalytical Chemistry, 410, 2889-2900.
https://doi.org/10.1007/s00216-018-0873-5

Zhang, B., Xia, Q., Wang, Q., Xia, X. and Wang, J. (2018) Detecting and Typing Target DNA with a Novel CRISPR-
Typing PCR (ctPCR) Technique. Analytical Biochemistry, 561, 37-46. https://doi.org/10.1016/j.ab.2018.09.012

Pantosti, A. (2012) Methicillin-Resistant Staphylococcus Aureus Associated with Animals and Its Relevance to Human
Health. Frontiers in Microbiology, 3, Article 127. https://doi.org/10.3389/fmich.2012.00127

Boucher, H., Miller, L.G. and Razonable, R.R. (2010) Serious Infections Caused by Methicillin-Resistant Staphylococ-
cus aureus. Clinical Infectious Diseases, 51, S183-S197. https://doi.org/10.1086/653519

Brumfitt, W. and Hamilton-Miller, J. (1989) Methicillin-Resistant Staphylococcus aureus. New England Journal of Med-
icine, 320, 1188-1196. https://doi.org/10.1056/nejm198905043201806

Guk, K., Keem, J.0O., Hwang, S.G., Kim, H., Kang, T., Lim, E., et al. (2017) A Facile, Rapid and Sensitive Detection of
MRSA Using a CRISPR-Mediated DNA FISH Method, Antibody-Like Dcas9/sgRNA Complex. Biosensors and Bioe-
lectronics, 95, 67-71. https://doi.org/10.1016/j.bios.2017.04.016

Kaper, J.B., Nataro, J.P. and Mobley, H.L.T. (2004) Pathogenic Escherichia Coli. Nature Reviews Microbiology, 2, 123-
140. https://doi.org/10.1038/nrmicro818

Ostroff, S.M., Tarr, P.1., Neill, M.A., Lewis, J.H., Hargrett-Bean, N. and Kobayashi, J.M. (1989) Toxin Genotypes and
Plasmid Profiles as Determinants of Systemic Sequelae in Escherichia coli O157:H7 Infections. Journal of Infectious
Diseases, 160, 994-998. https://doi.org/10.1093/infdis/160.6.994

Nataro, J.P. and Kaper, J.B. (1998) Diarrheagenic Escherichia coli. Clinical Microbiology Reviews, 11, 142-201.
https://doi.org/10.1128/cmr.11.1.142

Sun, X., Wang, Y., Zhang, L., Liu, S., Zhang, M., Wang, J., et al. (2020) CRISPR-Cas9 Triggered Two-Step Isothermal
Amplification Method for E. coli O157:H7 Detection Based on a Metal-Organic Framework Platform. Analytical Chem-
istry, 92, 3032-3041. https://doi.org/10.1021/acs.analchem.9b04162

Wang, T., Liu, Y., Sun, H., Yin, B. and Ye, B. (2019) An RNA-Guided Cas9 Nickase-Based Method for Universal
Isothermal DNA Amplification. Angewandte Chemie International Edition, 58, 5382-5386.
https://doi.org/10.1002/anie.201901292

DOI: 10.12677/acm.2024.14123213 1261 Il PR 155 2 33k Jé


https://doi.org/10.12677/acm.2024.14123213
https://doi.org/10.1038/s41598-018-32329-x
https://doi.org/10.1007/s00216-018-0873-5
https://doi.org/10.1016/j.ab.2018.09.012
https://doi.org/10.3389/fmicb.2012.00127
https://doi.org/10.1086/653519
https://doi.org/10.1056/nejm198905043201806
https://doi.org/10.1016/j.bios.2017.04.016
https://doi.org/10.1038/nrmicro818
https://doi.org/10.1093/infdis/160.6.994
https://doi.org/10.1128/cmr.11.1.142
https://doi.org/10.1021/acs.analchem.9b04162
https://doi.org/10.1002/anie.201901292

	CRISPR-Cas系统在病原微生物检测中的应用
	摘  要
	关键词
	Application of CRISPR-Cas System in Pathogenic Microorganism Detection
	Abstract
	Keywords
	1. CRISPR-Cas生物系统的技术背景
	2. CRISPR-Cas系统的原理
	2.1. Cas9特性
	2.2. Cas12a特性
	2.3. Cas13特性
	2.4. Cas14特性

	3. 不同CRISPR/Cas生物传感系统的优缺点
	3.1. CRISPR/Cas生物传感系统的优点
	3.2. CRISPR/Cas生物传感系统的缺点

	4. CRISPR-Cas系统在各类病原微生物检测中的应用
	4.1. 用于检测埃博拉病毒(EBOV) 
	4.2. 用于检测寨卡病毒(ZIKV)
	4.3. 用于检测新型冠状病毒
	4.4. 用于检测人乳头瘤病毒(HPV)
	4.5. 用于检测耐甲西林金黄色葡萄球菌
	4.6. 用于检测大肠杆菌

	5. 结论和展望
	参考文献

