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Research progress in the detection of Pseudomonas aeruginosa by
multi-class biosensing technologies
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Abstract: Pseudomonas aeruginosa (PA) is a major cause of hospital-acquired infections. It can

survive in a variety of extreme environments, and is highly resistant to antibiotics. PA can attack
immunocompromised populations to cause severe infections, being a major cause of mortality in

TERHIUH : [E 5K B R R 5 4:(92360833)

This work was supported by the National Natural Science Foundation of China (92360833).
*Corresponding author. E-mail: zhenghua@gxmu.edu.cn

Received: 2025-04-21; Accepted: 2025-07-01; Published online: 2025-07-09



I E | R AR, 2025, 65(11) 4801

clinical practice. Therefore, rapid diagnosis of PA is critical for infection control. Conventional
detection techniques such as plate assays, immunoassays, and nucleic acid assays have excellent
accuracy and sensitivity, while they are costly and time-consuming. In recent years, novel
biosensing technologies have achieved ultrasensitive and precise detection of PA by integrating
various biorecognition elements and signal enhancement strategies, providing an efficient,
convenient, and cost-effective solution for the rapid identification, treatment, and control of PA. In
this paper, we systematically review the principles, application progress, and challenges of
magnetic separation biosensing technologies based on electrochemical, optical, CRISPR/Casl2a
system, and magnetic nanoparticles, and provide future research directions, aiming to promote the

innovation and clinical application of the technologies for rapid detection of PA.

Keywords: Pseudomonas aeruginosa;

CRISPR/Cas12a; magnetic nanoparticles

i 2R A B0 B (Pseudomonas aeruginosa, PA)
S 2 [CHIPE AR A0 R, SRR T R i
WE. B Eam T HRA KA LR
S, RBRTEAS R PR N AR A, JRE e
B WIS 5 BHRBTRE I VR R IR B 1
HER IR Z —, PA 15| & bR g
RGPl R R Y S 2 R
T T B £F 4 Ak (cystic fibrosis, CF) £ 2 fifi 8
e | PIRDIRE R R AR T R AN, [
0 2 A B R A R A T FRUBE A A8 2 8 DU O i )
FEFEHO, PA MBURILIE 2, W EFE
HHEF, WAMNEER ., IEZHE. MR AL
B IV IR . MR R A A T
B 1R U [RIVE T g e 2, s
TEAE ER N AAE TG RERE ) o (HAS T B2,
TEIXLEHE ) AR Y PA A 2R ANTE
FRAHROCHE, HIE Sz PA BYRHAEN R G0
5, A b A A H B A AN RS
¥y (extracellular polymeric substance, EPS)JE Jit ZH
MR ZREN, 2. S DNA 45385 AL
i FAH R 90%, ARG AL AR SR T
TRAE RS, 3k — (4 it I (4 47 (8 A5 BT T 5
ToEE R KM, B E GRS
SR B RETE 10-100 CFU/mL AYARAR 3R
gl &Y AN, PA IS REE i W AMER |
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7o RS A 4141 (World Health Organization,
WHO) 2017 4F %A (4470 4 Z 0 24 T i A 3R
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HWE T PA FFRFIGUAE R i, BT
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Table 1 Various types of PA compare the advantages and disadvantages of identifying components

Recognition Advantages Disadvantages References

element

Antibodies High specificity, high selectivity, Prone to false positives, large molecular weight, poor [21]
mature technology stability, high cost

Aptamers High specificity, good stability, low  Complex screening process, lack of universal systematic [22]
immunogenicity, scalable in vitro evolution of ligand by exponential enrichment (SELEX)
production standards, requires stability improvement

Bacteriophages Strong specificity, low cost, simple Immature biosensor integration, requires technical [23]
operation, protease-insensitive development

Molecularly High stability, simple preparation, Weak binding affinity, low selectivity, challenging large- [24]

imprinted low cost scale synthesis, susceptible to matrix interference

polymers (MIP)

Lectins Broad-spectrum binding, unique Limited selectivity, insufficient affinity and specificity [25]

glycosyl recognition capability, high
stability
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Table 2 Application of different electrochemical biosensors in PA detection
Sensor type  Electrode Functional Recognition ~ Detection Limit of  Linear range References
material system  element sample detection (CFU/mL)
(CFU/mL)
Amperometric Screen-printed  Gold Aptamer Water 60 6.0x10'-6.0x107  [28]
three-electrode  nanoparticles
system (SPE) (GNPs)
Gold electrode ~ AuNPs/Super Antibody, Urine 2 10'-10’ [29]
P/Cu-ZrtMOF aptamer
Carbon screen-  MIL-101(Cr)/ Aptamer Serum 1 10'-107 [30]
printed MWCNT/
electrode AgNPs/c-g-C3N,
(CSPE)
GCE AuNPs Aptamer-MIP ~ Serum 1 10'-107 [31]
GCE CCLP/AuNPs  Monoclonal ~ Water 9x10? 10'-107 [32]
antibody
GCE HZIFs-8/Fc-GO  Aptamer Urine 1 1.2x10'-1.2x10"  [33]
Au-SPEs MB Aptamer Water 8 0-10" [34]
GCE CoFe,0,/AgNPs  Pyocyanin Apple, beef, 4.0x107%  1-23 [35]
water, chicken,
fish, egg, soil,
milk
GCE AgNPs Aptamer Serum 33 10*-107 [36]
Impedimetric  GCE NCs/Glu Aptamer Serum 3 10'-10’ [37]
GCE CNCNF Aptamer Serum 1 10'-107 [38]
ECL GCE Carboxyl Phage Milk, glucose 56 1.4x10°-1.4x10°  [39]
graphene injection, urine
Piezoelectric ~ Gold (Au) Polyadenylated =~ Aptamer Buffer, blood 9 (buffer), 8.1x10'-8.1x10°  [40]
interdigital DNA/MB 52 (blood) (buffer),
electrode 1.9x10%-1.0x10¢
(Au IDE) (blood)

A2 305 P R B 2R T AR A R T
T AE ™ Huang 5% DA R4 AL A 58 0
(reduced graphene oxide, rGO)., % BE ik 44 K 4%
(multi-walled carbon nanotube, MWCNT) B 2 fik
BB, DR 54 4 91K Jk (gold nanoparticles,
AuNPs) 9 A A PR & il 28 A2 AR Il s, 5
BT AR S R 1 R A AE 3 Zheng SFFE
s #E R BL A [FIAERH AuNPs /R4
FAE AR AR T T R A AR R AR 1 R AR

[ RE (1 3 WAl T PA 5828, Zhang %512V
i A LA AR P A - 4 TR A LAE SR
(Cu-Zr metal organic framework, Cu-ZrMOF), %%
4 3 i {4 R DNA #4815 5 i K B4F, R
AuNPs F17% SBAFBH Super P& HHF4) A% ST
&, FIH AP BUATIE BOAZRANGT, D
Cu-ZrMOF HE4L Hy0, H 43 itk 2 A% L 3 15 5 52 1
X PA e A ill, i FRM 2 CFU/mL. Abedi
AEBOL 3T — B MIL-101(Cr)/ MWCNT {4 1 B¢
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22 W) E[J Jiil] H, #% (carbon screen-printed electrode,
CSPE) R HiL it BUIE P A& 8t , 2% A IR A
TET R T =WNABIZER, DL T B0 S i W Fff
| %€ (enzyme-linked immunosorbent assay, ELISA)
RF &, MIL-101(Cr)/MWCNT 144 #1288
TAHBEWB, EEAR F23 RRE B e e
W R, 51 AR 94 K Uk (silver nanoparticles,
AgNPs)Fl —4Ef7 S5t A AL B A W (c-g-CsNy)FE
FfE T 5 F23 b EAR N, B e )2 4
M, 2T IE R S S iR AR AR AR
SEENT PA A SR BRI, X LS AR L PR
& 1 CFU/mMLPY, 437 Bl 84 ¥ (molecular
imprinted polymer, MIP) %L H AT % il f7) 18 51l
75 6 TE A HEL AL A B S ) I 5T A . Ma
ZEELOLIE Y- (R TR 1 Y L AL 2R A B ER LD MIP Oy
TRIERTG,  SEIE T X e R 19 1) 8 R e il
MIP 4T TP RE 15 SE PR ARG I A% w47 4 5
TIE [ REE FH 0 IR A= 0K, Sarabaegi 251!
ST T —FP 2 G MIP FIEE Be AR 15 188 0 J7 32k
it PA, ) RS BRI AR 3R TR AR
MIP, Jf3# L7 & PA 4555200 DPV U HL i AR
Pk T2 E SR PAL MIP EA PO &
FE Pk . A B AR 3, (H2 MIP 45 &
SRR 855 2 S BUHORN R Iz N H A S PRt
Bk i JE IR 22— Krithiga 2P 45 2
F ACHK S (calcium cross-linked pectin, CCLP) 1
AuNPs & & 4 BH(CCLP/AuNPs) &M LAl , I3k
T PA (Y5 50 BB AR - B Jt i W 7 A Y H Ak
{55 ALK E mAI PA, %A% B A K )
i B AT 15 min, 0 FR > 9x10° CFU/mL.
Shahrokhian ZEP3 i 1T —F I T rpas Z L3k A
IRIEFREHESR-8 (hollow porous zeolitic imidazolate
framework-8, HZIF-8) Fl & 1t A1 28 M 11 2 /% s
(ferrocene-graphene oxide, Fc-GO) iy Hi, £k 27 1% J&%
e, HTPeE . REH KT PA, KRR
1 CFU/mL. Maghsoomi B4 % 7 —Fh 5L 11
il (methylene blue, MB)F Y i Ak 38 i (AR5
AR, AR B R F 0 5 AR SS A  5
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AR OIS AR R T FL AT 43 AT, DA Bk PA Y
B, KBk 8 CFU/mL., Shobana Z53515% H 4
BB RIS ZL AR 9 K J5UkE (CoFe,04/AgNPs) &2 A 41
AME G AR, 25 ARG 2R R TR 2R 0 FL AR AR
P, 38 I T Al AT R R R N A B R A A
T, ZAL G X PA HAT 4.0x107° CFU/mL
R AT B
1.1.2 FE#nEY

BEAT 750 2 el 1 T4 Dt L o W ) v Al
55 FL i o ST ) BHBTAZ ARk St H AR 2 B 4 1
FEFERMREE . HEA bRk e s, o
i 2 B S bR e, B TR e i AR Y
AR AE B AE TR M T, 2 A R
N e R RS BB R, © Tz M
T PA KM, AgNPs [ HL AL 2F 1 fiE 5 AuNPs
[ 2, Roushani 2500 i AL LAY AgNPs &
Wi B Bk H B (glassy carbon electrode, GCE), B4
SRS B E A #4281 AgNP/GCE %
T, HEL T —FoE AL B A2 A AR B
PA SiE AL IALs A FHAT T AR IR S [Fe(CN)6]© )
AL IR Z M B 7%, SRR
UG, DI AT 2 50T PA WREE s ZAG IR A2
B— T PA Kl g BHBUZ IS, B RAFHY
Rk . EAE M, XIS A 0k R A
33 CFU/mL, Sarabaegi 2537 Mdi FH] 4/ K 7€ T 5
#i(nano-sized chitosan particles, NCs)f& i F Al #)
BT AN R A IS AR RS, R
[ (glutaraldehyde, Glu) H f [& %2 i& B {4 7£
NCs/GCE HL R M, £545 PA I 5| A b R i
FHBTRYAEAL, ) BHBTAR = mm 1 S2 Be PA VR
AR IR X PA BRI FRIK 2 3 CFU/mML, B A7
KA vE B N 52 1 . Sarabaegi 250584 ] £%
T B e S ik 2 0K R L R 4B ARk ) oK
2} 4 (hollow carbon nanocapsules-based nitrogen-
doped carbon nanofibers, CNCNF) & i i # , H:
FETR 25 P R A A R 4 TR PR AL = A9 b SR AR T 42
PARLTR S N Ry N I K N A L
X EBRTF R IRRCR M R B PA SiEHAE
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CNCNF _I 1438 B A4 A i 5 S50 A 3 T vy e
FEHLBEIG N, AT SZEL PA RN 3 IZBH AL IR 2
JEILH X PA AP . REEAGIIRE ST, K BRAK
% | CFU/mL, fF 10'-10" CFU/mL £& 78 il
Xt PA HAT R A BHBTIRLY
1.1.3 Hh3ER

BT W UL B BE T 8 RN H R e Ak o AR
VR o R SO (B R =
(electrochemiluminescence, ECL)f%& @+t [ Hoph
R LSRN FH T 80T & 5 T PA PR A
M. Yue ISR A PaP1 SRR BIOCHE, W
T —FPE AR T ECL WL RS, %ML
F14) 52 P2 35 0 TR 4K 2 S 4T A RN LA 5 400 7 4
FRLEE AR AR FHSE Y, 24 PA AFFERT & TE Ak
SHMNER /AR E G, ESoKIEERN ECL K
RN T 8z B, W T A TR
ECL {5 5B PA W FELAE T RE, M AT LA BT RS
i H PA B A AE RNV B 5 B AR DU Ao 7% AT 7R
30 min PR, Kl R % R 56 CFU/mML. %
12 IR AR X PA ARSI 2 A TohR 5 X AT,
JE—F A USRI % . Shi YOS R T —
T 55 i /A T /R R R T DNA K1+ =
WG e HLAR g, AR R2 fk DNA 5igBeik
A H AN, 24 PA FEAEI 35 M 5 iE FOAR LS 4
R TL DNA U BT B 31 4 A5 L
e b, S E A T R A A
PR USSR ARk, LANLSEIXT PA AU SE
wR ;. 5L AR RAS A L, R TR
TCAARC A = A AE G, B L3230 1 AR
AR AL S PR g 28 AEORE AN R S A I, O EL
I T L RORE v PA RO BEBEPEARG I, A6 BR Ky
52 CFU/mL, XS AL RES AN 8 T H ks
AR W N TS L, T FL7E RO . e A
PR SRSy R B T4 A s, N
RSk TP & B AL PA AR W A5 RS AR A T Y
2%,
1.2 RFEYERBEFIAR

J62E A AL R AR S — Bl i PG

(149 78 A Sk SRRk 0 4 T A A B AR AR B R
HOE HER A B A= YR BT S H AR T i A
PEAHE AR, 51 &G ay ek As , o
WL OGS RRAE D R O A AL A, X S AR A
ARG 2E T T e 0 A N AR, A
33X 265 2 {5 5 1) 22 Ak R SE XS H ARy it 19 7
PEEE BT, YRR A m R
RS | PR e AR AR A I AL, )T
L H TR IR AR . % 3 8gE TR RDEEEA
WA IEE AR AE PA R R i FH
1.2.1 REEER SRR

2% TH] 4 5 H7 2 BT (surface-enhanced Raman
scattering, SERS) /& —F 1| F 4 J& 44 K ks 2 11
)3 R 0N SR B v = ORI R R .
L& REUE UL e g iR At 45 (5 B 1Y g
3 TE 4 TR RS I 4500 8 32 0 1 o LA i B
o 7E 4 Ja 9N oK UKL 3R TP W Sy 3l 2% 1T 45 15 114
R, IS B S W55 1 B 33 g X
Fofu 3 58 500 AT 3K B 3 F PO o B, (1A
SERS HZ AR REAE A B AR BE 1) 43+, ELR R
AR SRR, g ARAE, I
e 57 14 1 25 M T R v = S T R HH A
SERS LA, Wu S50 i il 45 2 FhRSHRY
AuNPs 735l [E 22 PA )5 % DNA (complementary
DNA, cDNA)FI@E Ak, #5717 HA SERS 55
B EAE5 IERET H T30 PA; Z AU AL gk
M SERS 155 M98 55 A1 LL (5 5 a3 2 Fh
AL ST X PA (1) R 2 BORE A R B AN
£ SERS #E T Al By 20 CFU/mL, I BF AR
% 2 ho Chen S8PUFF & T —F 56 T4 1 Bk 2 g
PR Y = R AR SERS A= WfL s, Bk
& 0L JZ B 43 BT (1ateral flow assay, LFA) W] Bsf K5
M PA FIK G FT B (Escherichia coli) O157:H7, %
RS PR MR 54 R R iR Ik
(cecropin 1, CP)EHMTE Fe;04@Au K1, 3575
HAT 1ERMRRFER Fe;04@Au-CP1 K ks,
LY AORL REXT PR VB A v i H s 20 Pl S i
ARG S, I FesO4 YRETESE IR
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Table 3  Application of different optical biosensing technologies in PA detection

Sensor Signal system (amplifier/ Recognition Detection sample Limit of Linear range References
type reporter/quencher) element detection (CFU/mL)
(CFU/mL)
SERS AuNPs (amplifier), Aptamer Water, chicken 20 10>-10’ [49]
4-MBA (reporter) meat
Fe;04@Au (amplifier), Cecropin 1, Urine 12 cell/mL / [50]
DTNB (reporter) antibody
AuNSs (amplifier), WGA, Urine 5 10'-10° [51]
DTNB (reporter) antibody
AuNPs (amplifier), Single-guide Urine 1 1-10° [52]
DTNB (reporter) RNA,
CRISPR/dCas9
Au (amplifier) / Blood 5%x10° / [53]
Fluorescent TPE (reporter) Aptamer Water, orange 1x10? 10>-10° [54]
juice, milk
CDs (reporter), GO (quencher) Aptamer Water 9 10'-10’ [55]
PDA-PEI copolymer dots Dual aptamer ~ Milk, orange 1 10'-107 [56]
(reporter) juice, popsicle
HCR (amplifier), FAM Aptamer Urine 37 10%-107 [57]
(reporter), BHQ-1 (quencher)
FAM (reporter) DNAzyme Water, pekoe tea, 1.2 / [58]
(PAE-1) peach juice,
hawthorn juice
FAM-cDNA (reporter), Aptamer Water, orange 1x107 1.28x10°-2.0x10” [59]
GOQDs (quencher) juice, popsicle
SPR MG-NPA (amplifier) Aptamer / 30 CFU/assay / [60]
Au nanotriangle array Aptamer / 10 10'-10° [61]

(amplifier)

/: The data unknown; 4-MBA: 4-mercaptobenzoic.

HE A MUNELE LFA 404 L SR E buikgs
A, AP AEZE R, R LAl A Y
SERS 1559 T /AT PA VREE ;AL s xt
FRIE ) PA 1 E. coli O157:HT HK H FR 43591 Ky
12 cell/mL F1 16 cell/mL. Cheng %45 T —Fh
BEAE BN BUFUIA SERS A&, T W] b
I PA NG B R ATEKTA , A% IR AP TS i
() TG 2 K OB AE S i R IR B, N EBEE R
(wheat-germ agglutinin, WGA )& 1ffi 4 44K £ (gold
nanostars, AuNSs)/F & SERS 5 54r%, B AE

>4 actamicro@im.ac.cn, 7 010-64807516

LT = HHIE ) R 4l KR BURL/ 2 TR /SERS BR 25 3

DE5K, B el K = IR S T hL =
Iy PR AR RN 5,5'- B AC I (2- il B2 FH iR)
[5,5"-dithiobis-(2-nitrobenzoic acid), DTNB]J4FMIE
55 R B A AR B 5 P 2
i WGA Fl SERS #R2dl A oy, SCBL T Xt
PA 1155 R BRI, Kz FRAK %2 5 CFU/mL,
Jiang ZEP2VR| FHAS [A] 047 2 4> F1& 1 AuNPs, 45
GRS AL DNA FRET 73 510 4 B (5 A 3R
. PA Hl E. coli O157:H7 ) DNA #E47 4 S
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WU 28 R AL AR TR R L ] S AT A
(clustered regularly interspaced short palindromic
repeats, CRISPR)/AH 5 £ [ (deactivated CRISPR
associated protein, dCas9) R A MU HBFE A, I
513 REIL AuNPs 7EH: B I SERS #si,
AR BETHLEE BAY AR s e i SR, &
AR ATAE 50 min NSERE, XF PA ARG T BRI
% 1 CFU/mL., Cheng %547 % 17 — fh 45 &
SERS AR AL A I - £5 T DR A i v
T EAR, PA VR RGN HiRZ —, iR G
HL 2l 7 LTI BE B8 7E K 29 3 min N9 A R0k 46 7E
SERS {5 MHURE H A A 45l X, (] g HE B i 20
i, KBRS 5%x10° CFU/ML. %1 5 W3 AE
TR N R AR L, T ELREAE A A AR A i A
R3S AR VR R I A 2R A T R A
122 RHE

PTG E RIS R P i — D EE S 3
YA S — R 29 61 o A s 2 A DL
Wk T R BRI R, A B 2
i R IC S A sk ah &, %t
Wy 5t 52 B i 1Ok JE 2 G kA B A
AR PR 1Y 5 — 1, 2OUE SRk mxT B
BRI ST BLSE BT, Yin S04 U 50 2, 0
(tetraphenylethylene, TPE) 1A Y 5iE BLiR LS 58
S 3 AN R R, 3 Sl G I 4 8 (0, 7
BKE . RIGATTRFI PA, 245184 L Fe;04@Si0;
VE IR R % MIPs, FERE X440 2k 47
Wh oy B i e, S e B R THL S /M E B
eSO RS, B 92 e I SO LA
R, (R R 1x10° CFU/ML, Al
I [T 40 min, FEAZEACHKM R, &
YGH% 5 (carbon dots, CDs) R HAL 5 162k RE AN
5y TR MBEE B E 7E E R ARLEF . Wang
SEBITIE T — i T E AA/CDs/ A A AT 88 0
(graphene oxide, GO) Y % )t I & 4t H T Faz
PA, EECIALS G CDs I MZOCIREE, i n-n
HEEMEE T GO FKifn, i T2OCIIREER I

(fluorescence resonance energy transfer, FRET) %X

N, GO MK T asimzet, S SO ES
ek MR, 4 PA fF7E I 53 B R 4 = v 45
A, AP GO ik, FRET RN #if#lk, 20t
R IR, NI AN PA, Al R A
9 CFU/mL. AHES T BAIGBCAAR, XU FC A R: Sk
gh A HAR# . Zhong PVl & T —M R 2T
Jiiz - 58 & ¥ Vi (polydopamine-polyethyleneimine,
PDA-PEDILRY) S, 456 BUE FLARTE 9O GHR
FHmAR PA, 24 VRS 43 25 AR s FAR ALY
5%, H 380 nm A1 530 nm AYELA /R BT
M 20 5 ISR L, T LLE I PA
MFETEFR FE o 2Rt TR 1 R e 44k
X PA BAH m AR, RAllRAEE 1 CFU/mL,
AR R AT E 1.5 h NSERL. Xie FE07E
TP OUEE DNA 73 ST 5155 S e a8 i =X
J Wi (hybridization chain reaction, HCR) #1 DNA
fitg S5z 15t 1] % ) 98 AR W AR s, A IR AR R
PA 5 HUE Fe A 9 R S M 45 5 ik & WUBE DNA 43
YR, FRA 2 4 DNA“Y” RIZ5H) B1AT Al
B2A2; BIAIL {7 DNA [ 5 [nl#, @ s bk
Cl Fll C2 PR Z Y  RIS5HY, SEBUARER IR ;
I B2A2 fil A HCR, FTIF & 265 HE A 6-R2
H7¢ Y6 F (6-carboxyfluorescein, FAM)FITAE K Ht [4]
P Y& K F) -1 (black hole quencher-1, BHQ-1)
DNA & 251, FBIOGCAF 5 Wk 55 M iy 5E 2
FE TR IN PA 5 %A W A% B A EL AT R T I IR PR
WREAS B T, A8 Z D0 A T A6 D FR AE 3% 3]
37 CFU/mL. Qin 2Pk T —Fh44 4 PAE-1 1Y
DNA i, fieX) PA HY4AfL 50" 1) CEM-PA KB
s DI R R e s YOG ER FAM FRid
TP T —Fh OO CEMRIRAS , * PA FEAERT
43l CEM-PA J13#% PAE-1, B/ PAB-1 YI#|%
TEFRICIRY, BEOUE S5 ZAR AR A R
fii% 1.2 CFU/mL, HAETE 10 min NS¢ AR .
Gao Z5VIL T 47 5 4% Sk W) it F £ (graphene
oxide quantum dots, GOQDs) #4] # T — i i 7l 5¢
ey, HIFHE A HPOERFRIC cDNA 5
W RRZAS, 5t GOQDs K, Y4 PA 771E

http://journals.im.ac.cn/actamicrocn
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if 5 58 Bl R4 454, FAM-cDNA M GOQDs
FT R IR I 2, SEIR PA 5 7 Uk
KM BR A 1x10° CFU/mL.
123 REFEFHLRE

#* M 5 B 7 & L 3R (surface plasmon
resonance, SPR)/E5 4 J@ F1i H i HL T A BAE
AP ARG A o G LR 2 A BE A S 3]
@My, StryReE Al LIk & e R e B
HIHL T, R BR Sy 2 T 25 5 14 [ A AR
oA, X TR G SRR 5 A6 5
RITHCI 25 A A iz, S BOLI T 5 835 %
%, 3E sk W A ) 0 7 4 i 3 T W o 5 | A 1)
TCFP T S R AR Ak n] SE B H AR A B TCARIC K
M, Yoo S0y T — i K 1A 1) g Ak 1
Jay &8 SPR A% R4, BE W] B A DU £ 55 PA 7E N
19 3 MO [R) 4 P 5 1A% Rl i 22 R A 1R AN
K k7 B4 %) (multispot  gold-capped nanoparticle
array, MG-NPA)ith i fg &, 4 Hbn 4l 5 18
[N e D T I T B T AR R /N /7
(localized surface plasmon resonance peak, LSPR)
F i B AR A, DT S 36 48 7 A9 TG A i R U o
Hu 5L T —ANRERIN 4401 PA Btk PAOL
R 7B SPRAZIERT- &, AL IRES R I 17 AEY)
ZIEMM RO R, RO R 13 il A 4%,
g MR MR AT B, IAGE RS RETE
AP E R A YR BZE ;. PAOL HikiE
b 5 R S R I BRSS9k = R
G, 51 LSPR Wiyt , LAHAGIN H AR
PR AR IRER TSN PA Y SR LK SRR, A
IFRA 10 CFU/mL, FImfa12y 3 h, BA R
MR . LA
1.3 ETF CRISPR/Cas12a RZ R £ ¥
EFRESEN

CRISPR & — Fft 7 4 F Fl1 7y 1 i 8] 2 v A7
TE R R IR A58 DNA DX, AR by 3 iy P By 28 AL
il 76 s R G AR, B AR
% f5 H (CRISPR/associated protein, Cas)#4 hi¥, [

>4 actamicro@im.ac.cn, 7 010-64807516

CRISPR/Cas FGiAE N — i Yk A i 4 T2
B H TR, HH, Casl2a (HFR
CpfOE ML RGN EZ ALY, E—FH RNA 5]
SRR YIRG. ZEARAEA 1200-1 500 4~
HILWR, FJET 2 28 V-A CRISPR R G HY—B
5y, BEUEXT HAR DNA JP I HEA 7455 MR ) ot
T7H)#)8 F T CRISPR/Casl12a 245 (4= W1
AR EZRAG SRR . A5 AR AE 5
3N AL, Pk . BRSSO
Ko Y S8 . 3T CRISPR/Casl2a R GG S
FeH F B E U B AR YIS Cas12a 55 U] 24 f#
PICHRIC Y B EE DNA R 543 TR B 2O R
S, BRICZ AN, AT HREFRMERE IS T LT
Eb A ) EDWRAR 5 3O 3, R IEIR SO E S
Fb (5 i A
1.3.1 XHhESHEH

FEF U AT MU fie o UL ) — Bk
W=, HAEW., fiEmres, BEREL
T E AR, REAE ] Py e H bR
7R . Yang 2613 F 5 41 Bl R A B4
(recombinase polymerase amplification, RPA) 4% R
Fl CRISPR/Cas12a RAHH T — 1 HF PA R
Kl 74, %P4 LA PA 1Y lasB JERME A H
FREEH B 4% CRISPR RNA (crRNA), F
RPA £ AKX lasB FEH AT 44, Casl2a FHHTE
crRNA 151 5T A 4% TR Jig s PE X H bR L )
F, R BE JE 2 U EI A 6-FAM 246
PRICI) H5E DNA 54537, BLHT FAM %%hR
ISR 5, BB EeES, FH
Probit [F1IH 4347 f 115 1321 15 e AR H FR A
15.9 CFU /mL. Liu ZUY R MM E T — 148545
RPA 7 A 1 CRISPR/Cas12a % Gi i PA Pk 1
O, RPA H AR X H b JE R 1745 R 3,
454 CRISPR/Casl12a i X%t PA i 47 K il vl #F
30 min PN 58, 8 G S A 9O A A AW I A
SOk KT RE RS AEAE PA, RSB AERE
A T PR 2 W B K I . Xiao 2N 4E
B ARVEW A T EE B 1Y (denaturation bubble-
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mediated strand exchange amplification, SEA) 4
AR, CRISPR/Casl12a REFIWEFAY K& T —
T TR )3 RT3 FH PA L ) g TR AR
H AR bR LA™ AR K AR SC I AL 3,
I SEA #4T k¥ 1, 4 CRISPR/Casl2a &
AR5 2 H B DNA 1T Cas12a #5815 If
YIH| s DNA SEUDOCRIFEATRRE, 9t
SRR MRIZAIF /B RELE 3.5 h N IEH
XA T A N T InAs 9 B FEAS R MR AT, 00
E T HAE 52 2% S PR i v i) R P R A 1
B2 b & e — K E B A VLA R R A,
AR N H T 5 MM AL &, K55
K, 2L HE T D AR (%) 2 R RN Sk
Sheng 7% F i k2% 4+ F CRISPR/Casl2a %
GREEXT PA SRR S A, LR
FIIH PA 1 16S TRNA JEH HP e 2 ¥ 51 1 DNA
R B AR R IREE, 455 PF A 00 TS BE A B
TS1-NHNH, JE 4 ze 4, Rtk PA JE Rl
TS1, FFRFHEAMEIEEC T 5 S4BT RN, i
TS1 5 1 FEAE U () 38006 % F B TS2-CHO 3 i
Wrs Rk, T2 e B TSU/TS2 s 5
B J5 Cas12a/crRNA #%340G LU S D1 E) 28
FRICHH4E DNA-FAM, LU= A580ES; %
75 ¥k B AR M BE A 24 CFU/mL, Xu 5731 T
CRISPR/Cas12a RGMH T ECL FlHE G AU
HEMEIEES o BRUDEC A YIVE R SRET, BEbE
R IGH TG Fe;0,@Si0,@Ir/Si0; S BAF 5 I 45 5
HPr PA % Casl2a RRAVIENEE, FemiER
fift BLEE DNA-PROR LA, BRI & W 1 & Ot
{55, ECL 57Ok FR 433k 73 fmol/L
F10.126 pmol/L. & i CRISPR R 485X
FAE S PRI K, ST DNA 8 R SUE .
Wang 257 % T A5 (/) CRISPR/Cas12a &40
USRI 7, 2SR RPA HEARY 15 5L K I
FIIH Cas12a 9 s =X H0 6 M DI A= ) & 6 34k
e A BN, MR DO R S 2 IR fig
WY, FEAEMERLEI ORI, &A1t
RN 5 RN AL R AR T LA A e AL AT Ak

Gz 0 4 €0 75 45 BR B A PA 1) R BE IR L TR 4]
DNA,
132 bEeEESHEH

L5 5 M2 58 T WO AR B RGB {HAE fk
K B B ik, HAEAR R H
B B3 5 R 1) & A A AT B A S
it R S H AR BT R B G E L, Gl L
A w0 5 R HE T AR () AR VAR B
Mukama 257 HiZ 38 T —Fod T PA LK 1
e A= W 4% Ji% 4% (1ateral flow biosensor, LFB)#G; il
V6, 8 AR AR SR AT L AR 5 A T 4
WHIR 458, ZFada W0 E Ry 1
(loop-mediated isothermal amplification, LAMP)${
R CRISPR/Cas12 & 4t, HIH LAMP £ AR X%
PA MBS L RS B Fe S e S R A T SR 3, PR
AR K HAr DNA; BifE, 9 =95
Casl12 5 H A1 crRNA 454, #IE Cas12 55 W0
TR, VIR R ARIC I REE DNA iz 5
N, YIEE s 2L ek AE LFB K4k |
FEA S S, NI SEPRT PA (1) AT R AL ARG
AR L TR IR & 2% ) DNA 2R 4fifb 20
W, ELAT PR DL RO A R R . Hu 00
A H 5| ) B % AT {1 Fl CRISPR/Cas12a
ARG A ST PA ) RGN, %5 LA
I ECAR F23 SRR Sk, it T — R RE R S
255 F23 AW, FIHIHEE DNA IS Casl2a
(R 1) DD B IE M, B S Casl2a V)| 548 1
(AgHZE A IERCERIT S, B Ag A LIy
A AR, RIS B AR R R
B O AE DG S PA E AN 5 1205 AT AR 5t
HCEE DNA Z8 32 ) fnd €0 56 WA L 2L AT 5 3 A 3k
K, KR A 21 CFU/MmL; [R5 W i) 52
FPE WA RAEEAS Fp A5 2] T A 300, i
FL B2 T i S AR GU i 5 T EGE X N T AR PA 1)
MG A E T, WA S5 R —2, R
TR T T A R B PA RS I ) AR
ik

http://journals.im.ac.cn/actamicrocn
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1.4 ETHMMNKRRNNES SE0E
255 N

T P4 K 50k (magnetic nanoparticles, MNPs)
S — M RSFAE 1-100 nm 22 [6] B4 75 14 94 >k %4
RO EE R, L B B W SRt
JCE N HAA S AR, BB TSN 1E
T R R ) B Bl S R R S PR
Ry A= AL S A M A, B
AR IR A s 2 R A A U I B T
AP TR, MNPs SEASH bl i mE o B Al s
$EBE J7 A0 SRR RGN ATk A2 2 7z R,
X MNPs & #5177 D) L& i 51 A%s STk
SRR I PO AARSE AT B R Ny S
P g PR 1 R R AR 5 o B . ARAE U T Y
AN RO AL AT 43 Sk G 28 U0 TC A4 R R 145
Jelfs
141 HEIRBITH

G RE R BT FE R PR . PR . KB
KA E AE MRS o, M Bira 15
HRE SRS Aok S R R SRR I . 3 R
BIHLHE A e PR A 2 o aetE, T
WA Je BEA R I 2 BAR Y. Liu F9F & T
— M T ek MNPs SR A IR AR, &5 G
R J5T ity B RO i T PR B A3 BT B DR -
T PA, % WF 5% A A O 8 4 14 75 O 7
I (pigeon ovalbumin, POA)E b 2% 4K 41,
I & i Fe;0,@ALOsNPs, i 1t POA % [fi Y
GGala(1—4)Gal .05 PA ZME LAY FLHE R A
PEBESE R MRS 5, SEBIRT H AR 4 TR 19 5 3L
34> 8. Alhogail ZBVi& 3t T —Fp 5L T
MNPs fLE LIRS, A NH2-Ahx-Gly-Gly-Gly-
Ahx-Cys IKBAE MRS, N wiidiif Ahx #4351
5 MNPs 4254, Cumilad Cys 54K MY
B AR RIS W [ e TR 4 AR IR 2R T
M PA FETEI A3 b LasA 2R 11 I 23 1 5 sy
) Gly-Gly £, JiBJIEYI/MNPs 2 &) 4 3=
T RE RO WM RE R 5], ZReg h 4 R 4

>4 actamicro@im.ac.cn, 7 010-64807516

@, ANIMTSE I PA G 206 38 ok X 20 #k I R
3B PA TRARINGS, S5 RINBIYE, 2L T
1 min P E9K HFR A 1x10* CFU/mL, 7] i T
PA 5 I 09 5 VEFN P 8 Al . ®EVE B A
(magnetic quantum dots, Mag@QDs)tH # IH 25 Ky
MNPs [J—FRRERIHY, XA RHRE 4G T 3T
ST MNPs R, Tu S5852048 T—Fh WGA &
(I e B KR ST (Mag@QDs-WGA), I
HGIAM 53 B A A s v, A 2 At
PRGFRAIAZ , FILE 35 min NELZ[RIBTRGN PA
BT FEVDT TR, KRR 5354 25 CFU/mL
28 CFU/mL, Hussain 258351 & 17 —Fh 2 Ty
W3 . GRS AAIHLA 7~ B PR AT PA Y565
R, RERER R PUAR-PUR S5 5 R A
B PR, A O AR i T AR A
SHOGIEL, BLAE 2] B HUR OGRS 58 SR
WAL 2328 %07 AT LATE 25 min AR S PEAE
AT PA, K IWBR & 1x10* CFU/mL. El Ichi
ZEB41) g £ B (lipopolysaccharide, LPS)HTiA iR
ST, BT T T 5 T I M 2 oK RO 7
(D GRS RS (RS I A I B o1 I T = R @ L iR
B2 QRPN TR, A B S PR SE G s
7 | 7 Y AR S T R 23R R A S RGP A AR Y
SERFARIN A5 SRR AR RAT T PA IS RS
FEEEKE HFR>M 10 CFU/mL.
142 #ZERIRA TTH

BRI O A 2 — B T 9 A ek b
BRI AL, i S H RS> T 34T B AN
XSk S B PSS A AL . B I S S TE
T H R e A R R, REUEIE I T HOR
SEPOHR B B AR ek, HETO A5G 2
FE A S HF PA K, Tang S9JF & 17—l
T MNPs 194 il AL 5 A2 PCR 75 3%, I
Fe;04@SiO, MNPs W3- & 4E DNA J5 B4 T
PCR ¥, [P A AWM Rbnic i grB L7
G5 Al EREHE I B MNPs #5389 38 7=, 4
B B 3 RN 2 - 08 PE B R B (streptavidin-alkaline
phosphatase, SA-ALP)A &AM R m, LML A0k
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X PA AT A, A BRARZE 10 CFU/mL.
%5 kil it MNPs SEHE DNA &4 . §H8hric 5
Kl —Rfl, MR H L T HAER AR . Jia 2500
BETE T — PP v 0 2 IS B AR TR B A1
Yy Wk 3L Pk B 1% (low-field magnetic resonance
imaging, LF-MRI) 42 il 4% B Ao A A2 1%, 1
3 O AR S [ 5E 7E 2 RS [R) B AR R R M 4l K
Wik (MN10 £1 MN400) |, 4 PA f77ERT Al 5iE
Be A R4 A A MINTO/21 #/MN400 (MBM)
BEY, PRSI T2, 7T MBM 24
YT TP 40 B, LF-MRI B AR & ) 437
WA ] St IR TR] (Do) VE A5 e s, a0 A
T (H IS A 8 B A PA s %A% A Al fE AR &
RV B A B AR An R, HICTE oA 53
SR RS B, SR R 2 h, KRR
4 1x10° CFU/mL.

2 REHRE

PA M0y I e JR g I T 9 T 2R PR —
T b N 2 A R i e A R T
2R, AR GEIRY T ARATBOR R E, PR HLiE
BRI T BRI E . HAT, AZnks
MJ7EE WA FRvE . PCR B ek SR
RGOS, MR, XL g i akggth T
FERHS . AR A . AR A R BRE , HE LA
AP | RN K

AL A U A I FAT IR A I R | e 4t
TR, D0 R AR RHE i AR i RETICR
W fm . A E YRR AL PA R i HA
JURR B IE AR, A BRI A N HE A
IASCES T T 37 S Bt

MEZT, Stariid efE St H AR
FERBL . SERS ORI M #Hke, i
TG IRE, TohRic A ™ Py )
PP TRV R . YOI, %
JERE TR ARICE T EEZAEM, JOuFES
AR S R B S i, T AR L A B B
i AN o SPR H AR ELAZAG I 43 - (8] A9 A B4R

H, ANTEEERH R 2R AT 2OG B MR Il
W R 7 Th I R RE R AT A I AR

CRISPR/Cas12a RSt 1L 45 5 45 A% IR
PIGEORPE = TR R A, FESFPE orRNA 5
F%) DNA UIEIRVE SOk, #2041l
AUHE. MNPs WL T 00 09RE 7 25 A1 s 2 fig
J1, Gl S 2RO, 2R AT
o I 2R R AR

JAE T S AR IR R TE PA Rl v A 1
WD, B — e Pk Bilan, Hfke
R RS I B E A R R SERS FIARBIME
TR MR LA R R A T N et
Ao I A T S5 T PRI AR A I REATH 7 Al D
SPR Y #r % & & o, ABEA RGE M B A BRI
Hi; CRISPR/Casl2a RGuTE L PrFEANH A & 43k
FE PR Tz N A s MNPs 5438 A
o M [R) RBUAT 5 38 ok 3% T 2 e AR A 1 SR A4k
2R LR, X PA R A AR I AR PR AT:
FRIHRE .

[l PA For il AR 0 A& D e, SRR AL T
AL B2 7 1 J B 30 3 78 A% S R 1 28 1 % e
(B 1), F AR 7 5 R b 4 e MR R T B
PRIFE A L 5% B0 AT 45 ) A LA s 2 BRI s e U
T oK s BT A WA B AR L 9K M B 53
TSI T 515 5 O i 1 D R B08T, SE Bt
TR R AT

BEE DK FER AW e, Z2F M Z 8
AN ZZ il B R A R Bl AR R I 4 R ke T AT T
FBr, 0B 0 il 15 38 E RE HE S AU B D
FRMEIE . W AN, APE RS AR
T EISELL N 4ER R TT: (1) FoRALS 54k
BIFFE, TR Z ROk IRE 5 2R
RIS, R — R AL R PR (2) 'A%
L S el N TR, SRR/
RUEHE 2T K SR e FHE B, #ESh PA
oz A SEBG 2 5E I R Wi F i ek ;s 3) &
ZAEARPLT PRSP, iR R R i A
Yoo, DX AR LS S TR, i

http://journals.im.ac.cn/actamicrocn
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Figure 1  Schematic diagram of the evolution process and performance improvement of PA biosensing

technology.
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