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Application of CRISPR in pathogen detection
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C\Uie@d E The CRISPR/Cas system composed of clustered regularly interspaced short palindromic repeats (CRISPR)

and CRISPR-associated protein (Cas) is a unique autoimmune system of bacteria and archaea. When exogenous genes
invade bacteria, CRISPR can specifically recognize and use Cas protein to specifically cleave exogenous genes for self-
defense. Because of its high efficiency,specificity, high sensitivity and low cost, CRISPR/Cas system has broad prospects
in gene editing, agriculture, medicine, food and environment. In this paper, we introduce the principle, technical
characteristics and categories of CRISPR system, compare the advantages and disadvantages of various nucleic acid
detection tools based on CRISPR system,and summarize the application of CRISPR in metal ions. proteins, small molecule
detection, clinical diagnosis and treatment.
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Table 1 Characteristics of the CRISPR/Cas System
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Fig. 1 Principles for Nucleic Acid Cutting Based on Different
CRISPR/Cas Systems
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Table 2 CRISPR-based nucleic acid detection system for pathogenic microorganisms

Type Detection system Target method method time Sensitivity Specificity ~ References
NASBACC F S NASBA Fith 254 2—6h M = [18]
HTF Cas9 CASEXPAR T EXPAR D&k 1h aM = [19]
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Table 3 CRISPR-based detection system for non-pathogenic microorganisms
BRGHASL  Cas 0 80 55 L Rl 7 ik R GURE fERE BE R
Detection system Cas type Auxiliary component Detection component Detection method Detection time  Sensitivity =~ Specificity References
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1y dsDNA F=# M #RH A PAM {7 &, BV A LA g Cas12b 5L 5] 1
Y1), 3 TS Cas12b [0 Bty 4750 3% 1
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Vo TR 24 TR DA T O BT A= 2% 24 400 M 5 BT UK ReSAFR 1y
R AT HE R R W R T 24 YA 97 1 EE R S8 0
3.3 CRISPR# AAEES 7 P o9 mA 4K, MicroRNA
(miRNA) B B 4130 45 O 19 2% A 12 I K% TG HT G  Qiu 45
JF dCas9 # 37 ) RCH(RCA-CRISPR-split-HRP, RCH) 5 il
REHWRIIT CRISPR/Cas9 i AKX miRNA F#:0 . it R 48
BA IM KT R B 5 vk JF H e gaiE sEn]
e/l 8 (92 Wi . FI A DETCTR,CADD % 2 % Fl T & Hiis
HI2 W B TE i & B, o L HPV16 . HPV18 & 412 W d
7% W, DETECTR #:l HPV16 J# e i o i 2R 5 35 100 % , K
W HPV1S Yy iy e iy 3% 92% , H R UE 7T 3% ) aM K -,
FF PCR " 14 il CRISPR/Cas12a 1) DNA # W) J5 #f, Li 20
38 3 e R P A B A B (TEVs) b2 [ SRR 45 5 MR 45 4 195
Foik 5 Casl2a 45 & 3 # I i 5% o 88 1% ok BE B9 CD109™ Al
EGFR+TEVs, /i T & W& 12 Wi A UG . [ B 06 5 ¥ R i 3E
FAENEEANEEST T HEAGSHAEIERES . T
T &R AR,
3.4 CRISPR ¥ R84 T4 ¥ mm  CRISPR/Cas
R Al 5 ) e Pk &% B (FNAs) fil 43 7 % J& 2§ (molecular
translators) 25 & {8 F 8 JE 4% W 1 &S 0 5% 1k Ay A6 00 58 A A% 82
ZHARCEHATEREE 7 & RAN 7 g R

Y W T (aTFs) BB 5 /40 7 AR 8 1 dsDNA 45
G2 — TR BT R M E N TR A N T . aTFs 5
INGFFEG T 2 X DNA 85 G 1 BUSE  BRBUR %4 aTFs
5 CRISPR/Casl12a ) DNA Y RI 68 J1 45 & FF &k T — F ff o
FC R 8 B 0N F AR OT & A 44 8 CaT-SMelor
( CRISPR/Casl2a and aTF-mediated
detector)™*', CaT-SMelor T Ji& Zh & I £ Fl /N 2 7 . 4145 R 1R
X O R R R L 5 A L 2 L . WIF 5K SR E B, CaT-
SMelor B 2 & T I PR A 2 I Y B A v 11 BR TR ¥k &, 4% B
CaT-SMelor £ 4l /N 43 75 1 A AR KW T

& B AR DNA B &8 B T B I F A E s 0T
A EIHIRY . Hi DNA BIRY 7T ik i1 A 5 orRNA B
MY BLEE DNA, T 347 CRISPR/Cas12a Y 1, 17 4 B &
TR . B0, Na™ K #i ¥ DNA 5 CRISPR/Casl2a it %f
FF K Na™, 2 F 4 J8 K 8 ¥k DNA B (i I Mg™™ |
Mn®" \Pb*" . Zn"" \Cu’" &) it T FF & CRISPR/Casl2a Ht %
MBLEs T B e I 2 Fh 4B B T

Fris K2E 45 & CRISPR-CasRx 5 4B i 4 9 & A5 ic A IF
& T — F CRISPR % B RNA-ZE (1 4 B 1 F & W 7 %
(CARPID)'**', CRISPR-CasRx J& — F 7] L #E i) RNA 4 7T %
BARG. A HLE MR IE S E QRS A 0 KR 5D
RNAs(IncRNAs) , i ¥ CARPID £ % " 19 &5 4> 41 1 % 3%
IncRNAs; &85 A= 1) R b e 5 AR T FH ok 1 7 2 1 o o, A R 2R
WREEEBASOKAEMRRINE S BHis RNAS&HEA
TR IS A — Rl AR ) 4 A A TR B BASU ARl
PR T AT A AR IO A K B sk 3 9 RNA 25 58, Ik

small  molecule
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R - &5 PICASSO RJ LAAE g — Fi T Bk 150 8 2 i AR A
MBS, R 4L K AR B dCas9 B AP A — AN
sgRNA FFHI PR IR AR F S BE . 3T 7k, H i s A 5 IE
i F PICASSO - &5 46 1 45 Fh s I 1A 1 45 & B0 R B 44 4 45 1
TEREE (19 COVID-19 (3% M T 1 SARS-CoV-2 # G HT ik .
4 RBSHE

Xof LG A% S5 (7 vk, B2 T CRISPR/Cas & % 14 5 i 44 46
W7 R BA UF A (D BARE . N2 5 5 1R 5 U8 )
RBEAR TR A . () R &, WL 540 I8P 1 R A 45
RS REUE, GOTMAL. 55400172 BT . T8 A T 45
HMM R FIRAK b, (OBRAERME, R4, fWifh 73058
LRT TR R EE TR E R, (5 ZEA
TR A AN [T 1 Y Cas i T SE B X 22 B HE AR 43
T T st A J B CRISPR R 4876 2 4G I o i B oK W
7.

BRI F CRISPR/Cas $ AR BT # 57 19 25 Fp 48 0 J5 25 76 95
A A F G 0 IS R 2 5 32 T 4 O 1T BUAR T R I R kL {RLATS
SRAFAE VT 22 PR AR ey R4

(DA . BV F sgRNA 5 458 & 5 51 25 5 ifi & 4=
EAMY IS 2 CRISPR 4 AR FH 4% B b I 15 8 5% B 19
A7 TE T 3 BS54 R 1 {1 P e AR B e R o I R 2 W Y T A
PE. PAM ¥ 15 sgRNA J# 31170 f 4 pic fa) 0 H Al 51k
AR I 2% B, Fu %5 3 a3 40 0 ST 98 F SR 8 AL AT R gk
6665 L A I dufag G s 2 L 2RE E CRISPR A
RORF R He ] B, W1 GUIDE-seq” . Digenome-seq-* .
CIRCLE-seq”™ \DISCOVER-Seq ™ 2 A& © % /2 i Fi T #
B8 S0 N o AL T R 2 Bk 2 G 1 7E sgRNA _E W in— BLF
BV X BRI E A, S A B A R — kR
. BT sgRNA Hfii [a] 7 5 DNA 454, K 4 DNA ¥ 51 7]
VIATIF & R 758 R Z 06 e S R0 B R ¥R . e R
H4 CRISPR # 5t 1 i iff M ¥ 42 55 50 7%, oieat 2 B B 1 JBE 3 sk
B 3@t Ak / Bk sgRNA L dCas9 #13% i Cas9 K14, B K
Ll A AR R S A A 0 & (R RE ER Y A AT I 2 S B0
1) Y1 FI R 1 AR

(204 T ™ 1 R 17 BT 5 B0 8 BH P XUBS: . H R 22 Fh 3 F
CRISPR $ A )97 J5 4415 0 F- 15, B8 5 2 — D40 46 - Hg 23 R
FIH LAMP RPA %54 38 955 J5 14 $8 45 5 51, B\ 1T 312 05 2 A 46 )
RGN R, SR P3G 25 IR 51 AR AUIE I T 46 I ) &2 2%
P, 1fi H CRISPR J A B 8 R 8 ™ #% 1) PAM U0 R v A
Beoe &M BEAR T CRISPR & & 19 0 2, Al i 7E 4 1 3 72 o
e 5 5 | R AV e ¥ e o it O DA A 0 B BH PR 5 R . e
CRISPR #5945 AR 7] DLk e gt B B PH R 9 R B, H AT, Bk
Sy oM VAT =R CT w2 B A AR LS i B AR e .
AR R A CRISPR/ Cas12a JZ I 12 77 5 45 76 W00 i S5 17 2% 7
VL I J8 SR A IR 14 J) 8 v B T B O R R crRNA 1Y i) VA
Kz 47 AR A SR 7 DNA E & . 5 B Ul 9 Cas12a K J5
ML, RBUEIRE T 50 FR BN By . (IOl
b2 2 Wy f 2% . 4 E-CRISPR 245 %A T R OFE & 19
Tl AR ) A% B A% 8 0 5 o B0 AR 2E AT TH 6 09 45 440 T T DL
pM K F RS HPV-16 #1 HPVB-19; F| ] dCas9 147 &

W75 AT b A A 45 4 4 3K 3 19 CRISPR-Chip - 55, A 1A
SEIAE 15 min AT E] 1. 7EM KSR B AR, SEBL T A6 AL IR L
BN BAE B E AP WA DNA FEA i i 2] LS 574 R &
JeF BB 8 CRISPR/Casl3a, i £k 2% AR 5 50 R 45 &l
Sk B A% R K I A R BT LR 9min P S BT TE iR AR R W
miR-19b Fl miR-20a (& &, (l)Cas & A4 T 19 ZBE K,
SRR P SR I A A T SR DL A SR B Y R
I Cas13.Csm6 B H 300G 5 F 40 COVID-19 9% 8f 5 %% )% A
BN ) CONAN Z& 48 W) J2 5 aof 15 40 1% 31 — i 4 2 19
DNA/crRNA Ze &4, 52 BT Cas12a i H G BRI, TER
MAKRZ PN A crRNA 4 35 Casl2a (1 [ 45 50 %] 75 . DNA/
crRNA Z4 & B V) T8 Lz 2 1) crRNA U7 B ) crRNA jE—
3 3 S ARG Cas12a (4 BT 1) 0 4 T, 4k 2 it 3 8
Z 1) ceRNA, P35 B 1 SSE 3 PG R 5 5 B .

(3) 1 BEAR M PAM 3 45 JF 3 35046 0 5% 80 (9 BR 41 1k .
crRNA St 8RR 1 3 500 &5 B2 AR PAM JF 41, BB 38 Jin 1 A6 0 4k
Z R S R B L AR T crRNA BB AR 1) 36 5% A3 1 10
RiEM., T4£EANF LK HOLMESv2 &%, 38 32 76 LAMP 3|
W sl PAM AL 05 2, BT 9738 J5 19 dsDNA =43 7
PAM i 51 i F orRNA B P TS Cas12b i Bt i 1)
TP A RUR e T PAM 7 55 5 B0 5 R A

£ I, CRISPR HLA5 2% A 38 FH T L) 0 Bl 2 3 T
KR RN P 15 R 258 B Cas R WY 09 H B, CRISPR &
G AE W R IR (112 36 3 (L B9 LAl

CEF3)

[1] Ishino Y.Shinagawa H, Makino K, et al. Nucleotide sequence of
the iap gene, responsible for alkaline phosphatase isozyme
conversion in Escherichia coli, and identification of the gene
product[J]. Bacteriol,1987,169(12):5429-5433
[2] Jinek M, Chylinski K, Fonfara I, et al. A programmable dual-
RNA-guided DNA endonuclease in adaptive bacterial immunity
[1]. Science,2012,337(6096) :816-821
[3] Marraffini LA. CRISPR-Cas immunity in prokaryotes [ ] ].
Nature,2015,526(7571) :55-61
[4] Makarova KS,Zhang F,Koonin EV. SnapShot: Class 1 CRISPR-
Cas Systems[J]. Cell,2017,168(5):946
[5] Makarova KS,Zhang F, Koonin EV. SnapShot: Class 2 CRISPR-
Cas Systems[]J]. Cell,2017,168(1-2):328
[6] Jiang F,Doudna JA. CRISPR-Cas9 Structures and Mechanisms
[J]. Annu Rev Biophy,2017,46:505-529
[7] %443, CRISPR/Cas9 RLL1EIEF A DNA J Be thi 4 o i o I S
DNA ) 5 2K 0 e WLk 0 2 (D], i L sgilm R4, 2016
[8] Paul B, Montoya G. CRISPR-Casl2a: Functional overview and
applications[J]. Biomed,2020,43(1):8-17
[9] Doudna JA,Charpentier E. Genome editing. The new frontier of
genome engineering with CRISPR-Cas9 [ ]J]. Science, 2014, 346
(6213):1258096
[10] Cui Y, Tang Y. Liang M, et al. Direct observation of the
formation of a CRISPR-Casl2a R-loop complex at the single-
molecule level[J]. Chem Commun (Camb), 2020, 56 (14):
2123-2126

[11] Gao L,Cox D, Yan WX, et al. Engineered Cpfl variants with



o

Bom R AW F R E 20021010 517585110

e 1354 - Journal of Pathogen Biology Nov. 2022, Vol.17.No. 11
altered PAM specificities[ ] ]. Nat Biotechnol,2017,35(8) ;789- in symptomatic and asymptomatic malaria[ J]. Proc Natl Acad
792 Sci USA,2020,117(41) :25722-25731
[12] Kim D, Kim J, Hur JK, et al. Genome-wide analysis reveals [30] Gootenberg JS, Abudayyeh OO, Kellner M]J, et al. Multiplexed
specificities of Cpfl endonucleases in human cells [J]. Nat and portable nucleic acid detection platform with Casl3,
Biotechnol,2016,34(8) ;863-868 Casl2a,and Csm6[J]. Science,2018,360(6387) :439-444
[13] Yan F,Wang W, Zhang J. CRISPR-Casl2 and Casl3;the lesser [31] Freije CA, Myhrvold C, Boehm CK, et al. Programmable
known siblings of CRISPR-Cas9[J]. Cell Biol Toxicol,2019,35 inhibition and detection of RNA viruses using Cas13[]J]. Mol
(6):489-492 Cell,2019,76(5) :826-837
[14] He Y,Wang M, Liu M,et al. Casl and Cas2 from the type I1I-C [32] Fozouni P,Son S,Diaz DLDM,et al. Amplification-free detection
CRISPR-Cas system of riemerella anatipestifer are required for of SARS-CoV-2 with CRISPR-Casl3a and mobile phone
spacer acquisition[ J]. Front Cell Infect Microbiol,2018,8:195 microscopy[ J]. Cell,2021,184(2):323-333
[15] Pickar-Oliver A, Black JB, Lewis MM, et al. Targeted [33] Liu TY,Knott GJ,Smock D,et al. Accelerated RNA detection
transcriptional modulation with type I CRISPR-Cas systems in using tandem CRISPR nucleases[J]. Nat Chem Biol,2021,17
human cells[J]. Nat Biotechnol,2019,37(12):1493-1501 (9):982-988
[16] Dolan AE,Hou Z,Xiao Y,et al. Introducing a spectrum of long- [34] wfhfil, A —it8, B uy, 5. FFH CRISPR/Cas9 3 [K 4 5 7 AR #4
range genomic deletions in human embryonic stem cells using 4 CDHI1 HEH a5 AFLIR 9 MCF-7 fBaE M R[], =W
type T CRISPR-Cas[J]. Mol Cell,2019,74(5) :936-950 AR . 2020,31(2) :155-159
[17] Wang M, Zhang R, Li J. CRISPR/cas systems redefine nucleic [35] Wang S, Li H, Kou Z, et al. Highly sensitive and specific
acid detection; Principles and methods[]J]. Biosens Bioelectron, detection of hepatitis B virus DNA and drug resistance
2020,165:112430 mutations utilizing the PCR-based CRISPR-Casl3a system[ ]].
[18] Pardee K, Green AA, Takahashi MK, et al. Rapid, low-cost Clin Microbiol Infect,2021,27(3) :443-450
detection of zika virus using programmable biomolecular [36] Moon J, Kwon HJ, Yong D, et al. Colorimetric detection of
components[ J]. Cell,2016,165(5) :1255-1266 SARS-CoV-2 and drug-resistant pH1IN1 using CRISPR/dCas9
[19] Huang M, Zhou X, Wang H, et al. Clustered regularly [J]. ACS Sens,2020,5(12):4017-4026
interspaced  short palindromic  Repeats/Cas9  triggered [37] Guk K,Keem JO,Hwang SG.et al. A facile,rapid and sensitive
isothermal amplification for site-specific nucleic acid detection detection of MRSA using a CRISPR-mediated DNA FISH
[J]. Anal Chem,2018,90(3):2193-2200 method, antibody-like dCas9/sgRNA complex [ J]. Biosens
[20] Wang X, Xiong E, Tian T,et al. Clustered regularly interspaced Bioelectron,2017,95:67-71
short palindromic Repeats/Cas9-mediated lateral flow nucleic [38] Kim JS, Cho DH, Park M, et al. CRISPR/Cas9-mediated re-
acid assay[J]. ACS Nano,2020,14(2):2497-2508 sensitization of antibiotic-resistant Escherichia coli harboring
[21] Xu X,Luo T,Gao J,et al. CRISPR-assisted DNA detection; A extended-spectrum beta-lactamases[ J]. ] Microbiol Biotechnol,
Novel dCas9-Based DNA Detection Technique[ J]. CRISPR, 2016,26(2) :394-401
2020,3(6) :487-502 [39] Qiu XY, Zhu LY, Zhu CS, et al. Highly effective and low-cost
[22] Chen JS, Ma E, Harrington LB, et al. CRISPR-Casl2a target MicroRNA detection with CRISPR-Cas9[ ]J]. ACS Synth Biol,
binding unleashes indiscriminate single-stranded DNase activity 2018,7(3):807-813
[J]. Science,2018,360(6387):436-439 [40] Li H,Xing S,Xu J,et al. Aptamer-based CRISPR/Casl2a assay
[23] Ai JW, Zhou X, Xu T,et al. CRISPR-based rapid and ultra- for the ultrasensitive detection of extracellular vesicle proteins
sensitive diagnostic test for Mycobacterium tuberculosis [J]. [J]. Talanta,2021,221:121670
Emerg Microbes Infect,2019,8(1):1361-1369 [41] Xiong Y. Zhang J, Yang Z, et al. Functional DNA regulated
[24] Joung J. Ladha A, Saito M, et al. Point-of-care testing for CRISPR-Casl12a sensors for point-of-care diagnostics of non-
COVID-19 using SHERLOCK diagnostics[]J]. medRxiv,2020 nucleic-acid targets[]J]. ] Am Chem Soc,2020,142(1):207-213
[25] Li SY, Cheng QX, Wang JM, et al. CRISPR-Casl2a-assisted [42] Liang M, Li Z, Wang W, et al. A CRISPR-Casl2a-derived
nucleic acid detection[ J]. Cell Discov,2018,4:20 biosensing platform for the highly sensitive detection of diverse
[26] LiL,LiS,Wu N,et al. HOLMESv2:A CRISPR-Casl2b-assisted small molecules[J]. Nat Commun,2019,10(1):3672
platform for nucleic acid detection and DNA methylation [43] Zhao X, Zhang W, Qiu X, et al. Rapid and sensitive exosome
quantitation[ J]. ACS Synth Biol,2019,8(10) :2228-2237 detection with CRISPR/Cas12a[J]. Anal Bioanal Chem, 2020,
[27]  Gootenberg JS, Abudayyeh OO, Lee JW, et al. Nucleic acid 412(3):601-609
detection with CRISPR-Casl3a/C2c2 [ J]. Science, 2017, 356 [447] Peng H, Newbigging AM, Wang Z. et al. DNAzyme-mediated
(6336) :438-442 assays for amplified detection of nucleic acids and proteins[]J].
[28] Cunningham CH,Hennelly CM,Lin JT,et al. A novel CRISPR- Anal Chem,2018,90(1):190-207
based malaria diagnostic capable of Plasmodium detection, [45] Hwang K, Mou Q, Lake RJ,et al. Metal-dependent DNAzymes

[29]

species differentiation, and drug-resistance genotyping [ J].
EBioMedicine,2021,68:103415
Lee RA,Puig H.Nguyen PQ,et al. Ultrasensitive CRISPR-based

diagnostic for field-applicable detection of Plasmodium species

for the quantitative detection of metal ions in living cells: Recent
progress, current challenges, and latest results on FRET
ratiometric sensors[ J ]. Inorg Chem, 2019, 58 (20) : 13696-

13708



Journal of Pathogen Biology

2022 4F 11 H 45 17 %45 11 1)
Nov. 2022, Vol.17,No. 11

« 1355 -

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[53]

[54]

Yi W, Li J, Zhu X, et al. CRISPR-assisted detection of RNA-
protein interactions in living cells[J]. Nat Methods, 2020, 17
(7).685-688

Barber KW, Shrock E,Elledge SJ. CRISPR-based peptide library
display and programmable microarray self-assembly for rapid
quantitative protein binding assays[J]. Mol Cell,2021,81(17) :
3650-3658
Diane CW, Xiangdong W. Off-target genome editing: A new
discipline of gene science and a new class of medicine[ J]. Cell
Biology and Toxicology,2019,35(3) :179-83

Doench JG,Fusi N, Sullender M, et al. Optimized sgRNA design
to maximize activity and minimize off-target effects of CRISPR-
Cas9[J]. Nat Biotechnol,2016,34(2):184-191

Zhang XH, Tee LY, Wang XG, et al. Off-target Effects in
CRISPR/Cas9-mediated Genome Engineering[J]. Mol Ther
Nucleic Acids,2015,4:e264

Fu Y. Foden JA, Khayter C, et al. High-frequency off-target

mutagenesis induced by CRISPR-Cas nucleases in human cells

[J]. Nat Biotechnol,2013,31(9) :822-826

Tsai SQ, Zheng Z, Nguyen NT, et al. GUIDE-seq enables
genome-wide profiling of off-target cleavage by CRISPR-Cas
nucleases[ J]. Nat Biotechnol,2015,33(2):187-197

Kim D, Bae S.Park J,et al. Digenome-seq:genome-wide profiling
of CRISPR-Cas9 off-target effects in human cells [J]. Nat
Methods,2015,12(3) :237-243

Tsai SQ, Nguyen NT, Malagon-Lopez J, et al. CIRCLE-seq: a

highly sensitive in wvitro screen for genome-wide CRISPR-Cas9

nuclease off-targets[J]. Nat Methods,2017,14(6):607-614

[59]

[60]

[61]

[62]

Wienert B, Wyman SK, Richardson CD,et al.
of CRISPR off-targets in wivo using DISCOVER-Seq [ J ].
Science,2019,364(6437) :286-289
Kocak DD, Josephs EA, Bhandarkar V, et al.

Unbiased detection

Increasing the
specificity of CRISPR systems with engineered RNA secondary
structures[ J]. Nat Biotechnol,2019,37(6) :657-666

Zhang J,Lv H,Li L, et al.
based amplification-free
Microbiol ,2021,12:751408

Yue H.Shu B, Tian T,et al.

Recent improvements in CRISPR-
detection [ ] J.

pathogen Front

Droplet Casl2a assay enables DNA
quantification from unamplified samples at the single-molecule
level[J]. Nano letters,2021;21(11) :4643-4653

Dai Y,Somoza RA,Wang L,et al. Exploring the trans-cleavage
activity of Crispr-Casl2a (cpfl) for the development of a
universal electrochemical biosensor[J]. Angew Chem Int Ed
Engl,2019,58(48) :17399-17405

Hajian R, Balderston S, Tran T, et al. Detection of unamplified
target genes via CRISPR-Cas9 immobilized on a graphene field-
effect transistor[J]. Nat Biomed Eng.,2019.3(6):427-437

Bruch R, Baaske J, Chatelle C, et al. CRISPR/Casl3a-powered

acid
amplification-free miRNA diagnostics[J|. Adv Mater. 2019331
(51):e1905311.

Sha Y, Huang R, Huang M, et al.

electrochemical ~microfluidic  biosensor for nucleic

Cascade CRISPR/cas enables
amplification-free microRNA sensing with fM-sensitivity and
single-base-specificity[ ] ]. Chem Commun (Camb), 2021, 57
(2):247-250.

[ E#Y 2022-07-24 [f&E BH#IY1 2022-10-09

WEVERERETVERETEVENEVERETVERERENERE VR TERERNEVERENEREREVERETVERERERVE ROV NERERE ROV RETE RN N Rl Rl vl et

(k#1348 70)

(9] skiEs. AL 6%
[D].

[10]

[11]

[12]

P I R A IR R
R K, 2012,
Sun Y, Huang H, Chen J, et al.

B R 1Y I PR 4

Invasive fungal infection in
patients receiving chemotherapy for hematological malignancy: A
multicenter, prospective, observational study in China [ J .
Tumor Biology,2015,36(2) :757-767.

WREH T 5k R 3 6. 5. 2 R VhE B & 0T (R 28 0 R g Y
I PRASAE & f& W P2 B g2 ()], 48 i K I 2 4% 75 2020, 31
(12):1432-1433.

Suan N, O Brien, Nicole

M, et al. Infections in patients with

hematological cancer; recent developments [ ] ]. Hematology,

2003,24(6) :438-472.

(18] BN i F-

[14]

[15]

R S7HE MBI P 2 B Ak B R O AR 2R
FREPBOR S CYP2CL9 S Z R R R T, A E B &
Ye2p ek, 2021,31(13) :1968-1972.

S

C;

Noginskiy I, Samra A, Nielsen K, et al. A case of multiple
myeloma presenting as Streptococcus pnewumoniae meningitis
with candida auris fungemia[ J]. Case Rep Oncol,2018,11(3):
705-710.

Jodi L, William WH. Itraconazole :an update on pharmacology
and clinical use for treatment of invasive and allergic fungal
infections[ J]. Expert Opin Drug Metab Toxicol, 2013, 9(7):
911-926.

[ B#AY 2022-06-19 [1EEIBHAY 2022-09-07



	2022-11内文

