2026, 66(4): 2007-2021 G =i
CSTR: 32112.14.j.,AMS.20260051 Acta Microbiologica Sinica
DOI: 10.13343/j.cnki.wsxb.20260051 http://journals.im.ac.cn/actamicrocn

Technology and Method Es#&NEPaksA

ETF CRISPR/Cas13a-HCR BV &% I M5l & 7 e e 5l
iR K N A

wHEL FRL FARL NTH L BgEnS, UnY, RY, £F°
R aE °

| MR R AR 5K 0, EE

2 TR A K i B A I v O (T R A K BORHET ), T T

3 MEE R YIRS TR, MR T

4 MR R WEEREF A B (R S IR A R S0 =), 1M 1N
5 MR RE AdrfdEcE e, R EH

6 MFERE BEanleE S TR, W

WS, R, AP XIF 8, ZiE R, Sk, Tk, 1, BRAE. HET CRISPR/Cas13a-HCR ARV i M B2 A I Jr i A8 1 e
NI, IR, 2026, 66(4): 2007-2021 .

HUANG Mengqin, XIN Yu, FU Danfeng, LIU Ziyang, PENG Daoyun, ZENG Shu, WAN Yi, CUI Qian, CHEN Fei. Development and
application of a fluorescence method for Vibrio parahaemolyticus detection based on CRISPR/Casl3a and hybridization chain
reaction[J]. Acta Microbiologica Sinica, 2026, 66(4): 2007-2021.

5 ZE: [84] ¥ CRISPR % %5 4 504k XX (hybridization chain reaction, HCR)4 &, #2& —4F
BT el dn IR E Bk M e R A R, AR mAR B . R EHER. [FE] 7
B N A TR T A 8], KT A FBRIRAT(RPI) A HCR & k44, HALR FAR R A T3
M, WAEZG RO, REE R, JFAR SR INE T F 0 KT eI R TR
J1. (4R AL ¥einf £, CRISPR/Casl3a F A6#0HE, KA 0E RP/IAIRIRAT, Bad 145
1 HCR R, FAWP R R A ZES. Z7 kBA RIFOEN4FFE, T RoyEalis
Bt A4 B Ae Z A AR BT, FTAEAT RE BARA SR 48l IR E 5 JE AT E (e RN
BN . e KINE . ELUKBE = KA H). AT L¥ir RNA 69400 X402 4 1.01 pmol/L, £
25 pmol/L—10 nmol/L B RIFeg &M X &, HEE)aF 424 y=7236.75xlg Crrna—8 590.11, R*=0.99.
ARARR 77 i 7T Wik ) % AF /K = 5a b S8 IR B 2369 RNA, B4R ek e gi84
3 PCR (real-time reverse transcription quantitative PCR, RT-qPCR) — 3k . [4#]1 KA & 2 49

VRN - K SRR 4(20204036): 1614 R 9 % B (ZDYF2025XDNY066)

This work was supported by the National Natural Science Foundation of China (22204036) and the Hainan Provincial Science and
Technology Special Fund (ZDYF2025XDNY066).

*Corresponding authors. E-mail: ZENG Shu, zengshu@hainanu.edu.cn; WAN Yi, 993602@hainanu.edu.cn

Received: 2026-01-19; Accepted: 2026-03-05; Published online: 2026-03-11



2008 HUANG Mengqin et al. | Acta Microbiologica Sinica, 2026, 66(4)

CRISPR/Cas13a-HCR % A & ik 7T ik . /AN )8 iRE, HEH BF6 285, 4+
St e A

XA SAMMINE; CRISPR/Caslla; 24X, %40

Development and application of a fluorescence method for
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Abstract: [Objective] To develop a fluorescence method for Vibrio parahaemolyticus detection by
the combination of CRISPR system and the hybridization chain reaction (HCR), thus achieving
rapid, sensitive, and accurate detection of the pathogen. [Methods] Cascade probe (RP/I) and HCR
hairpin structures were first designed according to a specific conserved sequences screened from
V. parahaemolyticus. Subsequently, the feasibility, specificity, and sensitivity of the method were
evaluated after the optimization of reaction conditions. Furthermore, V. parahaemolyticus-
contaminated aquatic products were used to validate the interference resistance of the method.
[Results] The cleavage of CRISPR/Casl3a was activated upon binding to the target RNA
(T-RNA), leading to the trans-cleavage of the RP/I cascade probe and the release of I strand. Then,
the released I strand subsequently triggered HCR, generating a significant fluorescence signal for
target detection. The established method successfully distinguished target sequences with single-
base, double-base, and triple-base mismatches and enabled the specific identification of
V. parahaemolyticus against other non-target bacteria, including V. alginolyticus, V. vulnificus,
V. harveyi, V. cholerae, and Escherichia coli, demonstrating excellent specificity. The assay showed
a good linear correlation over a T-RNA concentration range of 25 pmol/L to 10 nmol/L.
The corresponding linear regression equation was y=7 236.75xlg Crrna—8 590.11 (R2=0.99, C
represents the T-RNA concentration and y represents the fluorescence intensity), with the LOD of
1.01 pmol/L. The proposed method enabled rapid detection of RNA extracted from
V. parahaemolyticus in various aquatic products, yielding results consistent with those obtained by
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RT-gPCR. [Conclusion] The fluorescence method based on CRISPR/Casl13a-HCR established in
this study realizes rapid detection of V. parahaemolyticus, demonstrating good sensitivity,

specificity, and accuracy.

Keywords: Vibrio parahaemolyticus; CRISPR/Casl3a; hybridization chain reaction; fuorescence

detection
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SRMFEIX , fd F NCBI BLAST BAE#04R RNA
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Table 1  Strain information

Strain name Strain collection
number

B LYK Vibrio parahaemolyticus  ATCC 17802

RN Vibrio alginolyticus ATCC 33787

QIR Vibrio vulnificus ATCC 27562

WA YE LY Vibrio harveyi ATCC BAA-1117

BHLIRE Vibrio cholerae CICC 23794

KIGFFBE Escherichia coli CICC 10899

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



2010

HUANG Mengqin et al. | Acta Microbiologica Sinica, 2026, 66(4)

(target RNA, T-RNA)HFEFPE. orRNA JF51 i B
L 2 X R B DA, Bl BE IXF 4 5
T-RNA %] H %+ ., T-RNA. crRNA. RP. I,
H1.1, HI A H2 % i A TAY TR BRI A
FRAFIG R, ZRRITHIILER 2.
1.3 RP/iREHHI&

IR, RNA 5 DNA A28 32 1R RP/T 9Bk #E
B, B AU E R 2.5 ymol/L (Y T 5% (DNA) Al
2.8 umol/L f*)) RP %% (RNA). 1xAnnealing buffer
FH TG KB 2 Fridg A F, IRAIJE T 95 °CiR &
5min, FJEZMEEIESE 37 °CFH 1.5h, &5
BT 8 °CIRAE
1.4 Casl3a Y]EI & M

Cas13a YJE| [z WA ZR (20 pL): T-RNA 3 pL,
Casl3a (400 nmol/L) 3 pL, crRNA (200 nmol/L)
3 uL, RP/I #4%(2.5 pmol/L) 3 pL, 5xCasl3a /X
% & wh i 4 uL, DEPC /K 4 uL. 7E 37 °Ci &
30 min 5 T /E 225550 .
1.5 HCR RN RRIEME

HCR R WARZR (B0 uL): 7F 1.4 5 Wik &
A 10 uL H1 F1 H2 SO, fiff H1 Ffl H2 £
HeFEYh 400 nmol/L (B 4 umol/L), HIA 1xHCR
Jz W 2% WO (20 mmol/L Tris-HCI, 5 mmol/L
MgCl,, 300 mmol/L NaCl, pH 7.60). 4z v 1k £
T 37 °C NN 2 h, fHEEFR(BioTek A H])ic

R2 AMRAAZERFS
Table 2 Nucleotide sequence used in this study

FK9t. H1, H2 FESV AT AT AL BE . 95 °C
Bk 5min, SLHIF 4 CLRATAH
1.6 RAGETIZEIE KT

it FH =1 22 P 3R DA T i € JiE PR YK (native
polyacrylamide gel electrophoresis, Native-PAGE)
IE RP/TAREE . Casl3a V%)= 4 S HCR ¥ 3
P, FUREN 110V, SN IXTBE, H
KA IE, /NOEBUREERS, BT 1xSuper Red 4
o3 PG Y £ 10 min, SRS B 1R 2R
GAEESN N AT IR . ORI SRS
1.7 RNA #2E

B 50 pL i PR A A B A i PR S B R
5 mL 3% A AL ENE I R 7K (3% NaCl alkaline
peptone water, 3% NaCl APW); % 50 uL H i
~80 CLRAF RV BN . BIOI IR | P 2 [N
« EBLIRER FIR A FT o0 A 1% SALHN bR
4 25 11 15 7K (1% NaCl alkaline peptone water, 1%
NaCl APW)H1, 7£ 37 °C. 180 r/min 24 F 5557
12 h, 4350803 mL AT RNA $2HC, {4
RNA $EUA ] £ (Omega 23 7)) #4552 1E 2
B RNA, i F§ NanoDrop 8 ## & 48 753 66 B
7T (ThermoFisher Scientific 23 F))I & RNA ¥ i,
1% IBE B BE I FB UK 70 BT RNA 2 5™ ) o it
FEIUY RNA BT =80 °CLRAF-

Nucleotide name Nucleotide sequences (5'—3")

T-RNA

UGAACCAGAAGCGCCAGUAGUACCUGAA

crRNA GAUUUAGACUACCCCAAAAACGAAGGGGACUAAAACUUCAGGUACUACUGGCGCUUCUGGUUCA
RP UUAACCCACGCUUUUUCAUCCUAGACU

I AGTCTAGGATGTCGCGTGGGTTAA

H1.1 TTAACCCACGCGACATCCTAGACTCAAAGTAGTCTAGGATGTCGCGTG

H1 TTAACCCACGCGACA/i6FAMdT/CCTAGACTCAAAGTAGTCTAGGA/iBHQ1dT/GTCGCGTG

H2 AGTCTAGGATGTCGCGTGGGTTAACACGCGACATCCTAGACTACTTTG

RT-qPCR F1 GTCTTTAGCGACGACTTC

RT-gPCR R1 GTAAACAGCAGTACGCAA

The underlined sequence of the crRNA is complementary to the target RNA (T-RNA) sequence.
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Figure 1

The detection principle of the CRISPR/Cas13a-HCR sensor.
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Figure 2 The feasibility of CRISPR/Casl3a-HCR assay for the detection of T-RNA. A: Feasibility

characterization of the Casl3a cleavage reaction using 12% Native-PAGE; B: Feasibility assessment of HCR
reaction initiated by isolated I-chain using 12% Native-PAGE; C: Characterization of the CRISPR/Cas13a-HCR-
based reaction using 12% Native-PAGE; D: Fluorescence emission spectra of the CRISPR/Cas13a-HCR-based

reaction.
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Figure 3  Optimization of experimental conditions for the CRISPR/Cas13a-HCR assay. A: RP/I ratio; B: RP/I
concentration; C: Casl3a concentration; D: crRNA concentration; E: Incubation time for CRISPR/Cas13a assay;

F: Incubation time for HCR assay. The concentration of T-RNA was 50 nmol/L.
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Figure 4 Performance of CRISPR/Cas13a-HCR assay for T-RNA detection. A: Fluorescence emission spectra
of different T-RNA concentrations from 0 to 10 nmol/L; B: Linear analysis for T-RNA detection.
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Figure 5 Specificity analysis of the CRISPR/Cas13a-HCR assay. A: T-RNA and its mismatched base sequences;
B: Fluorescence emission spectra of the mismatched sequences; C: Significance analysis of the mismatched
sequences; D: Total RNA from target and non-target bacteria; E: Fluorescence emission spectra of the total
bacterial RNA; F: Significance analysis of the total bacterial RNA. **** indicates a significant difference
compared to the control group (P<0.000 1); ns indicates no statistical difference (P>0.05); All data are from three

independent experiments (n=3).
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RAnE 6C Fin, B BHPEFEARL A/ C Y
KT 40, T BIMEREARG Y T CAE AP
FEAA CAH B RT-qPCR £ J7 16 21 KL 40),
CRISPR/Cas13a-HCR 5 RT-qgPCR 4 il &% - —
., bREEFR LI CRISPR/Casl3a-HCR X 42 4%
FEA RGN BLA R AR 32

3 W54 #%

P Bk A E MR A 41 41 (Food and Agriculture
Organization of the United Nations, FAO) & 7 )
(2024 A SO FIAK = FRFERGL) et o,
2022 AF SRRV MUK FRELE - o 2.23212 t,
Hook Esh W ety 1.854 12 t, W=
3780 J3 t, AxERUKFIRGE O 130912 t, 42
Rl K 7 75 B2 7 R U I A 5 Ul
e, o B R KA s i Ak
S 36%, HuiHE s 4 BRI R B K
FepaA N, SR, B SR FRAER R JE
TR KB EAL, ANFZETT . AN R SR 5 K s
(R 7= A, 77 3 TRt 2 ol 7 249 3
P il K SR BB IR 2R, I g e R T
I BT 2 5 Ml A 88 2 A0 T PR 5 1 2 20 st
JORANIURSR D737 NI A I N NPl D&
BT TR R S i AR DA I R A X
F [Tl iy ] $ 8 % Jie B E B A IS S

FIAT, 2% T RNA A9 U I H0R — B
SE G SRt R, TN SE I 9O E B #E sk PCR
(real-time reverse transcription quantitative PCR,
RT-qPCR), &5l 2 it 2%t 51 ¥t sk R
Sk, DR PSR . H, Kl SR EE
Wi, AIEEER RNA FEf# n] e S SO AR A 52
R, N AR AR BAPE LR s s B REAS 5 G n]
REGI A MR BHPEZE R, 3% 2 Rl RAE P g rh 3
k. 534, PCR T8 2R RN, X
JR YRS BRI 5 RT-qPCR AH L, ASHF
FEIFFEDS BT S RNA A4S -80 °CLRAF, {H
BET BT SRR, T ERE
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FRRREE . AP ELEK 5 FE AR ) RNA 7575
4 DNA 5%, HABFRKEALT 28 nt, W2
SRR (37 °C), XA —ERE LT TES
iy B R M S e . ASEIF AT O R AT AT Y R
HEZEHLLIF 2 &4, (1) CRISPR/Casl13a &4 H
AR S . R M 5 RNA (CRISPR-
associated RNA, crRNA) 5 1 fr RNA 52 4= H b
J&, WS Casl3a AR R AVIHITE M, Mk
o S5 U JE] ] BRBE RNA (single-stranded RNA,
sSRNA)!'21 . ARAfF 5 # 8 T —F RNA 5 DNA
ZRAS PR IRET (RP/T), BEAEAR RNA (T-RNA)#L
{% ) CRISPR/Cas13a BEY)#] RP/I ¥R % I Wi ) ke
W R T (DNA), (2) T #F— L5 iifE S
CREH, ARG T HCR #AR, #id—%F
DNA ZIJeHREH(H1 I H2)1ES A5 TRITEIT R &
BRI AT, B I XUEE DNA, Hidf HI #5
102t FAM SEHT, PR RS H 5 K 29655
(® 2B, 2D).

Casl3a 45 [ 7£ CRISPR RNA (crRNA)fi4 5
FF, e RS IR B 4E S H AR RNA
FEH o X FPEERIBL N (4 O A T 7™ 48 3 7
HANECKTJEIN] A RE AR A X A B I R AR
SRS BRI T A = A R . HCR S S —
TOB S IRY AR, BRAER R . AR
HCR 2 0 Bef B4~ H AR 28 & F i 40 K 4%
DNA REWRIE, B HREW LTz K
WIS T UNEOERMA | Prg e, SCfE
SRR, Casl3a $2 4L T R I A4 1k
1M HCR WAL 1 R A5 5 R RE T o B miss
Ik, FIH Cas13a e S R 5 DRIk 77 A fik
K, WIS 3 HCR B9 R[5Sk, M
SRR R, RS I AR
LRI S AE TR CRISPR/Cas13a 145 S0
JFT HCR (Y 26 R AL, 8 54~ RNA 7
S 5% el DNA {5 %, B & 0 FR (LOD) & %
1.01 pmol/L (&l 4). %1 RE -5 H ALY J5 % AH
L, 4, Lysne 21T % (1) & ¥ 45 (quantum
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dot, QD)% -1 #5 (quantum dot-molecular beacon,
QD-MB)~- & 4E Ji{, Forster 4% GE 2 5% 7 (Forster
resonance energy transfer, FRET) &5 CRISPR-
Casl3a, Bruch [#1BAP*FF % () CRISPR/Cas13a 3K
1 AL AE RO AR 2 W% IS LA Zhou Z51FF
&1 CRISPR/Cas13a 5 HCR #] #LALKG - 15,
FEAE IR LOD 45 R AR 1E pmol/L /K- A #5
CRISPR/Cas13a 5 ff f % J& 2 %& (CHA) £ R 45
H N RALE AR &, R
N R AT IK fmol/L /K

JEARBGE IS, TR . R FR R
P A CRISPR/Cas13a-HCR ¥l 3k, (HAPBAEAE
—E SR FRPE: (1) ARSI B ik484E, CRISPR/
Cas13a-HCR 1Y ¥ 20 ¥k 38 0 1 JF 55 79 4 i1 X
W, BRI EB () 5EMEMRY Y 4
R HJ CRISPR/Casl3a & GEAH Ib, R B 1% fiE
WA $E T A5, AnJEF CRISPR/Cas13a REE
SHERLOCKP ) Jz # 43 32 V& 8l 28§ 38 (hyper-
branched rolling circle amplification, HRCA)P!, H;
6 R A5 2 A3k amol/L 2515 (3) A
B ERT IR BB AR, MK R 2 e
SR LR GRS, T oA T A K 2 B AR A
MK o BERE EIRRIBRYE, AR A LR 3 4>
FrEHEATAL . (1) 51 DNA DU [ R 90K 2544
PETFRAUEPERER Y, ARBFIEA HCR & R 4K
T H BT HOY R IR Z [ A BEPLR XS
BN ACRIAR . FERTA, BRI T A
PRI R R ] o SR, BT R
1) I A5k, o n] RE A A e AR RE S AT T i
FHUET AR, R TR E R A
XA REFR AN AYfE IR L . 25 AERF DNA DUH
PRI Ry & J HI . H2 {55484k, FIH DNA
VU TR Y 4 A TR R HLL H2, A
DNA. 1Y [AT 45 1% W 14 235 44 71 225 ] BR800 7T 48 o
Sty TRV SE , ARERTHE TR . (2)
£ orRNA 5270 HCR 248, FIHIARFEZEE
FEPTHEATARIC, S5 B0 22 BEARAG TN LA T A6 2%

%o Q) TP ARMIRE S AR &, Wik
THINEEZ | Cas W % Ml HCR [0 % B9 S0 74
ONH, SRR AL RN B As B E, PR R
—Rfk . ZaE R EE G TN, S
A AR T T A FE R AR B3¢,

LR TR, AW RN R AE Y2 W
R PRI OR, T T — A
CRISPR/Cas13a-HCR i2Wi /775, CRISPR/Casl3a-
HCR J LT fEAR Y 38 . 51t i 2 iy
TR EPEAFE PRI PT S8 1.01 pmol/L ) RNA £
MR, RVIREHN 37 °C, KEEZ) 2 h,
CRISPR/Cas13a-HCR AL HEA R X 43 8l 5 il
INER 5 T 2N s A AR R, T AT B 3N
Aaedr, RIM REFFRERM . ZEAE 3 Fh
BRI &2 2R AR (27 ) H 373k 3] 100% HER %,
FHEYIZ WAL TR B EARIE R

1% STk = PR

B SRR . AR BIANE GRS o
o Bt Bk ATPRRG ARSI AR X
T8 BREMN: 2l TR k. ik
W WSCH MBS, ERRG TR Jrikie. it
SCH BB B diEie; AR ST
HRIESR o

{E& MR AT AR

VEE P WIAATAEAT AN Al RE 2SN A STl i T AR
HDRVSIEZS o lIE T NS S
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