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B E (3] MR MEGHLST T T, &a 0 £ L E 14K HF (hypervirulent Klebsiella
Pneumoniae, hvKP)#g s LG AT J7 iz k2. AL M X L FKEA G T, hKP EH HE3%.
FHIR. BMILE SO E, HERBATIIZAARKAEEE. [B 6] F L E 45 hvKP 49 X 4L,
AN Tk, AL KXKERGEE. [Fi%] FEa8BREMHY L5 CRISPR 2 X #4460 £
GuARLE A, TEA B —Fr4Ext hvKP 691832 B 5 R B9 sk, (4R 25 2R ANENT
B89 £ 40 min AASMIIKE 58.1 fg/ul 49 hvKP #) DNA H K, st @28 X L FMRKA LN
I3AFAESF F A AT G, BT R FM, sboh, AR RGN T, 5 kR K
JEiA%] 5.5 CFU/mML, 3 FAH44 qRCR 7 ik (R HUE A 5.5%10° CFUmML)A A4k 7K. [44] K37
R 7 ik LB & R B E A S em e, m AR EMEFT ERME, HndiEEE, T3
R B JT A KHUAR 5 & hvKP 424808 2 T B, R Bf 4 2 2k T4 R S-AR SRR AR AT 6940 m) 7 . X
—HBEARA LR AT hKP 3% 75 B RFEEZ/ER.
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A one-pot RPA-CRISPR/Cas12a assay for rapid detection of
hypervirulent Klebsiella pneumoniae
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Abstract: [Background] As the issue of lung health is aggravating, the emergence of
hypervirulent Klebsiella pneumoniae (hvKP) has attracted widespread attention. As a variant of
K. pneumoniae, hvKP is characterized by easy transmission, high virulence, and high fatality
rate, which make it prone to causing community-acquired infection in healthy individuals.
[Objective] To develop a sensitive and convenient detection method for hvKP, thus preventing
its large-scale spread. [Methods] We developed a convenient and highly sensitive detection
method for hvKP by combining recombinase polymerase isothermal amplification with the
CRISPR ultra-sensitive detection system. [Results] This method was capable of detecting hvKP
DNA samples as low as 58.1 fg/uL within 40 min without the need for enrichment. Moreover, it
demonstrated excellent specificity, showing no amplification of 13 non-specific bacterial strains
including classic K. pneumoniae. Furthermore, in the detection of simulated blood samples, this
method showcased the sensitivity reaching 5.5 CFU/mL, which was two orders of magnitude
higher than that (5.5%10> CFU/mL) of the conventional gRCR method. [Conclusion] This novel
detection method has not only high sensitivity and specificity but also simple operation. This
study aims to provide an effective tool for large-scale screening of hvKP in community-level
medical institutions and offer a new detection scheme for public health services. This new
technology is expected to play an important role in controlling and preventing the spread of
hvKP.

Keywords: hypervirulent Klebsiella pneumoniae; CRISPR; Casl2a; recombinase polymerase
amplification

T TR e TR A FE i (hypervirulent Klebsiella
pneumoniae, hvKP) [ 1986 41 IR TEH [H 5754
BARIE LK, BR T 51T 98 S ik n] B i ik
Jib L AR i R L G ) AR I L e EE A TR
G2 R E I AAEN, I E 51 A IR R A 3
TAFRITH T Z 6 . A T2 MLl 48 v B A
I (classic Klebsiella pneumoniae, cKP), hvKP
J& TR 2R Gy, 5 BT R I S X 51
cKP F B N R S SIS NHE, Gk
PR B BRI B AR R A L KT REMNR Y

BB M hvKP AUREAS IS ik fupe Ik
T AAREAUIBE R ), 1B LTS,
Bon T Z80E B AN, hvKP HA
SESR AT 2y HERL G, R S TEAL X R AR A
YRR, AT hvKP ARG 5 BB A C0T,

HATXE hvKP BIBIYIE LM ARG —, Hi2WrE
ST T RAL AL G BUE W B SR D715

WNLLS- B G SRk A T 22185, R B Rk
PR 22 A BEAE R A b, LA 22 AR T
5 mm B SE N hvKPE? A X R e L=
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S E AT, (HHAERHS HAER A%, 1 H I
JEFA ) hKP R 22 AR HA B RS, X
BT RBAPESS R R AR 2 I RUX 5 hvKP
5 cKP. Ak, /INRBIE IR LA K I TF A 71
Wn 0 hvKP A5k, 23 B LAEE R I 7%
AU ARG bk U FLRi A2 R0 (B
TERIFE I S A [, AN T R A
89 53 B B ER A

BEE AR TR A KUK i, BT
DRKSF- s, DRGSR OB vy, e ek e EL
FE R B it G I 75 SR AR A 88 T Ay o i R
R BRI A B, Horp E24U4E PCR, 2
DRI B S5 Tt )™ 1 45 AR ol S 5l i i PCR
7 E B J5L TR A S I v iRy R e, IR RS2 1
B 12 S IR AL 12 W b R T BRI, (H
it AN T B A A 5 7 R AR AT
TN I EARN FORIEATIRAE , (IS TESL R
P IS A7 AE BELRG: 5 FRIUED >3 BE AT P4 SRy AR
AUSE TBL, MERR S (HAE SRR o, JFHH
AR R E R, TEEARERMTRE T
WA GORERAE, TElm RN T 'R /N . A E
Z N, FIRP H#H K (isothermal amplification
technology, IAT)FIAERIE . Pk, Wil A2
SCHG A AR R ERE . SR, HoAE R U A R
DTS ORAEAE R, 7T BB R P2 SR04,
N T RZSAR B R MyR AR AT, Ao F 22
R 5 T M AR ) o 1 e ] S A A1) e
AH 5% 2 H (clustered regularly interspaced short
palindromic repeats, CRISPR associated protein,
CRISPR-Cas)kuill R GEAHZE G, 46 T LA I R f%
JE, DASE IR D A 1 SR kg o201

CRISPR & 1987 H-7E KM AT 1 2 A 41 rh
TR B, T F) 2005 4F A4 B IEW] CRISPR-Cas
B GE I T A A 5 A TR Y S SR I A
e R — B2 TEARZ M Cas I

fitirfr, Cas9 i Cas12 F¢ = EAEH T DNA 741,
Cas13 #ESPEMEA T RNA JF41. Hp Casl2a
TE crRNA 5|5 T U1 &I 545 1] B& DX AH <8 5L
(protospacer adjacent motif, PAM) (TTTN)/¥ 4
U 18-25 nt (AR DNA, &L BT BE Al
JEFe S PEHLEE DNA DIEITEE . T orRNA JF
I AR 40 nt, BITHREE, H 2T
P2 1) 7 S R P R R A I 220 e 4k, B
JF% T DNA N YIREE ] CRISPR Sz X 15k [A]
(DNA endonuclease targeted CRISPR trans reporter,
DETECTR)Z A JEF Cas12a HHLSEKS
il (Cas12a-based visual detection, Cas12VDet)*¥ |
A 1 3 GG AR A U720 g8 DR ARG ) 182745
RN, A EET ULy B A i i A
FEPSURTAE . eemfnil. 758 24RIEm
hvKP BRI 576 2, A SR 575
CRISPR ZGEARMHIR Y 7 vk 72 LR R 2 R
1 (loop-mediated isothermal amplification, LAMP)
Oy EER S, Hi T LAMP A B 57 B
60—70 °C&AF F#E4T 60 min BN, FHEBIH
BT A, T Cas & F4 PN DI BEHS 1 0l 22
37°C, HILH20K LAMP fil CRISPR-Cas R4t
WK o0 0 EAT . 3 T $R AR 2 AR e AU e
BN 52 M, #HARA Y Y
(recombinase polymerase amplification, RPA)FZ A
(14 SR 25 F R AN(37-42 °C), A7 10-25 min
Rinlsg i1y, BT 5 CRISPR-Cas HR44E
i, it RPA-CRISPR-Cas B, — 5 iRk
b RPA F AN JE A fole i, AR 1 A1 BE P 45
P& i AN 2ok R ) MER P

RPA 5 CRISPR-Cas REMLEAHAR R
HE KRB R R ), R MR A 2RI
AR A P A A 3 G 1 T B R BR = A
P X . hKP 515k . Lk, H L TAEIX
1% 3 UL R AT FER B0 B0 A 5 T E 1Y 4F 28 5
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T, WHEZIWAAZEIEIRY,, RITHMER K, X R peg-344 JEIR7E T & w5 ) 3R A7 1
R, FHERENRETEEWMERIEN  ARES, BHAAES hwKP SEbri it
R e xE LK oKP 17 X4y, MoRMEE T 13, AT UFF hvKP 45 cKP
ST RAEASAAMIER ., (HHMATELENE S AR X . AR LI R, DU
cKP F1 hvKP I REEARMEFER, I A & —F3EF RPA il CRISPR/Cas12a R4 ) — 14
peg-344 LR ZERI hvKP TR T8 &R fbPesiss il /7% one-pot RPA-CRISPR/Casl2a
HERA1E(0.97) . BBUBAE(0.99)FI4ER14:(0.96), 7 (OPRCC), DASZEUEERE | 2R GOffaf i i hvKP
PO RR G hvKP g R EAEAREEE T A, S R A 3 T AR W Y 7 SR A R Y A
1], peg-344 Fk [Fl 11 R B0 T H b 3k PR 4R A Y ES(SRYS

Trans-cleavage activity is activated

Validation of the cleavage

activity of Cas12a ?
T RPA/CRISPR Pl -
* Two-ste] /N S
20000 - OnclpolpR!’A."‘CRlSPR Me
15000 [ « NTC 3 r
= s < o < [
Z 10000 ¥ < X nu :1
5 000 " The endpoint fluorescence The fluorophore and RS
’ oleslaitit iy signal values were collected quencher groups located M N
0 20 40 60 at the head and tail of the qp i,
o fiiis) ssDNA repoter are far e
from emitting fluorescence
crRNA Casl2a
wanos - Amplified fragment A eDNA Fu.d® ssDNA-FQ reporter

1 one-pot RPA-CRISPR/Cas12a 1@ hvKP FIR RRIZ/REE % Casl2a. crRNA. NEB buffer
2.1.ssDNA-FQ reporter % CRISPR Jz i ZH 43 INFEZE R T |, Rehydration buffer . #i4x DNA | 5|4 . ddH,O
45 RPA S A IREAE S IS, 1€ RPA W 20 min Ji, BH45 55 E ARG HE F G #E47 2 6 A 0 (2, 4
Casl12a BTG PEB TS, WZEEFA] FAM (F) 578 K A (Q)it & & 98 ), 1E qPCR L B R oee(E . 5
Kl H >k H BioRender.com,

Figure 1 Schematic diagram of the technical flow of one-pot RPA-CRISPR/Cas12a for hvKP detection in
this study. Cas12a, crRNA, NEB buffer 2.1, and ssDNA-FQ reporter (CRISPR reaction components) were
added to the tube cover, while RPA buffer, target DNA, primer, and ddH,O (RPA reaction components) were
added to the bottom of the tube. After RPA reaction for 20 minutes, If the Casl2a enzyme activity was
activated, the fluorophore FAM (F) and the quenching group (Q) were far away from the fluorescence, and
the fluorescence value was measured on the qPCR instrument. Some images are created in BioRender.com.
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1 #HRE5F=E

1.1 @

AW T 1 Ak IR A I
L 1 B2 BT 2 ve TR AR PRI L 6 ARIIE A 6 Bk
HABAE GR 1) AWFRISFE H R Ref) A
FE VAR AU W B R R ek i B 0> (Marine - Culture
Collection of China, MCCC)a H [E] 38 1 4= W)
i O 5k 5 B A 0 (China General Microbiological
Culture Collection Center, CGMCC), HAh Ffk
(Clin) N TP T 205 — R BE Il REAS 2849 8], JF

It H SR Y S8 R G TR AP,
i Z B ARAAAE 20% Hlr, REH-80 °C,
B A BRI 2RO B 7 T AR R BEREAS (AT
AN Py NN S (o8l e T R e o1 R O o
FtS . PJ-NBEY-KY-2025-012-01),
12 EEBRFIFLE

TwistAmp® Basic Kit, TwistDx 72\l ;
LbCas12a, New England Biolabs 2\l ; 256 fir FH
519, crRNA LA K ssDNA-FQ 45 5 K 41 I
%2, HATAY TR B A R G 8G
Y P S D R BORT &, AC T EE TR N R AR

Fz1 AARPATFHEFEEUNXIEEKRTIER

Table 1  Test strains used in this study for testing the specificity

Number Type of strain Origin OPRCC detection
ATCC43816 (Ref.) =R SR 555 1A IS Hypervirulent Klebsiella pneumoniae  CGMCC +
ATCC700603 (Ref.) £l 48 5 75 /1 [R & Classic Klebsiella pneumoniae CGMCC -
ATCC33812 (Ref)) I Vibrio fluvialis MCCC -
CGMCC1.1599 (Ref)) MHEFGHRTE Vibrio harveyi CGMCC -
ATCC27562 (Ref.) BI459K 1 Vibrio vulnificus MCCC -
ATCC33653 (Ref.) AN Vibrio mimicus CGMCC -
ATCC17749 (Ref)) fRBFIR YN Vibrio alginolyticus CGMCC -
ATCC14100 (Ref.) EELINE Vibrio cholerae CGMCC -

NBEY 13625 (Clin.)
NBEY 13629 (Clin.)
NBEY 13635 (Clin.)
NBEY 13685 (Clin.)

S F O % ER A Saphylococcus aureus Clinical isolate
LR IR PRI TE Pseudomonas aer uginosa
i1 FCAS S AT 78 Acinetobacter baumannii
PRI%ERTE Enterococcus faecium
NBEY13627 (Clin.)  KJ##F i Escherichia coli

NBEY13396 (Clin.) A4 ¥F 1% Enterobacter cloacae Clinical isolate
Ref: Z%Ttk; Clin: IGKEH; MCCC: HEIEEMAEYEFM AR B0 s CGMCC: Hh Rl i E W R R I O
+: AR - R

Ref: Reference strain; Clin: Clinical strains; MCCC: Marine Culture Collection of China; CGMCC: China General
Microbiological Culture Collection Center. +: Detectable; —: Not detected.

Clinical isolate
Clinical isolate
Clinical isolate
Clinical isolate

F*2 5|¥X crRNA F5

Table 2 Primers and crRNA sequences

Name Sequence (5'—3")

RPA-F ATGTAAACCCAGGACTTGCCGCTATTATATTTGC

RPA-R GATGAGGATGAACGAAAGTGAAGCTAATGCGATAA

crRNA UAAUUUCUACUAAGUGUAGAUGAAUGAAAAAACAAACUCAAUAC
PCR-F CCTCCAGTCTTTGCTACC

PCR-R GCAAGTTGAAATAGACGC

ssDNA-FQ reporter 6-FAM/TTATTTTATTTATT/BHQ1

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn
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FRZS A3 gPCR Y4k} TB Green® Premix ExTag™ Il
(Tli RNaseH Plus), T HEAYHFARALE)A R
2l

ND-1000 43565621, Thermo Scientific 2
Al SERFSEGE B PCR AL, HEEAH],
1.3 4AEEELE DNA KIS R Ik A< By
Hl &

JIF A ARTE LB R85 7 1 37 °C 180 r/min
Big% 48 hE, AL DNA $BGR]
EIREULZH DNA, DNA 7E 80 pL JCiZRRT
7K A

i T e OPRCC J7 %5 qPCR TE I R AE A
S T PERE , X hvKP B9 I R AR A 17 45 0
B E , DA77 I8 T 5F s Bt A A I K RO {5
M3, 2 hvKP [ qPCR 5 S PEd 14 5 45 51
A, $ 3 Em 514 : 5-CCTCCAGTCTTTG
CTACC-3"; ¥ I 5 1m 514 : 5'-GCAAGTTGAAA
TAGACGC-3'c I %4 : 95°C30s; 95°C
5s, 60°C30s, 45 MEH. B3 S E R
5.5x10°-5.5x 108 CFU/mL 4§ 9 1~ ¥ & A 71 9 LA A4
U 1:1 A, 95 °CA& W 10 min J5 12 000xg
20 2 min, B IE AR AR .

1.4 S|4¥% crRNA B9 it K& AR

PEFE hvKP 1) peg344 LK F R # L K, RPA
ST R AR TwistAmp® Basic Kit #2/EF
W, PCR 5 Wi b s DUt /2 - (1) ok A 8 A2
T HAE G (2) Tw=58-60 °C; (3) G+C=30%—80%;

(4) 3'tmica 5 AN AREA 2T 2 1M G 5
C; (5) PCR ¥ 3™ JiE >l 80-150 bp; (6) 5l
YR KR E 60 °CLA L, RPA 5[4} PCR 3
{8 primer AR TT .

crRNA Bt 0] FEEE4R T 51 b 54k PAM
P BEP“TTTN 4544, i< B2 10-26 nt
) crRNA, PAM J3 41 0 {57 T 94 48 ] g I B b
DNA JFHI[) 5" A, fERERLE 2, ik
JPH) W2 2. crRNA J¥ 5114 BLAST 5 514 Ho Xt
(25 R O 4 22 B E Z U E R BdE G, 'S
5§ NMDCX0001767
1.5 OPRCC #3589

¥ RPA T4 H4Hl Cas12a/crRNA 2L fig 61l
Sia e — R (E 1), 7E/\GEE TR RPA Tl
PG A AT, HARH TN E T,
T4 22 L e WK R, 55 12 1 umol/L LbCas12a
1 uL, 2 pmol/L crRNA 1 puLL, 10 umol/L ssDNA-FQ
reporter 1 pL, NEB buffer 2.1 2 uL; &K
Rehydration buffer 8.4 pL, RPA 1F [#] 5|4 RPA-F
FIR 5519 RPA-R (10 pmol/L)%& 0.3 uL. #FxR
DNA 1 pL. ddH,O 6 pL. magnesium acetate
(280 mmol/L) 1 puL. 7£ qPCR X | 37 °CI &
20 min, JE¥/\EEAEE LE.OPLLE 5 000xg
B0 15 s PRIESE 55 ERIATE T, SR 4kLLig
H 60 min, MAFEE 5 min P& 1 RIS, LI
A R LN 41 DNA W, R
Fxt HEZH (AN & SE R 2 DNA B JE K

s} TTTN

3 I———- AAAN
’

7/
4
4
4
7
3'-TAATCTGTA
5"-UAAUUUCUACUAAGUGUAGAUGA/

2 corRNA Zit~ERE

DA peg344 JEDR M HEALEY, XUEE DNA BEA7 0 H B (s e pric

Figure 2 Schematic diagram of the crRNA design crRNA design diagram with peg344 gene as the target gene,

double-stranded DNA target sites are highlighted in yellow.
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1.6 qPCR RN{FARBIE

RN HHIA 10 pL f8 2xMix %8 .0.4 pL
PCR 1E[[5[4#) PCR-F (10 pmol/L)FI1FZ [ 514
PCR-R (10 pmol/L) i & [ 5L [H 41 DNA FITG
K, BTt 20 pLo SRAISERFZEOGE A PCR
ASOXT I it e N 19 I 3% A (] e B2 1 240 71 A 7
qPCR 434, BI¥FFFI L 2. O 41 95 °C
30s; 95°C5s, 60°C30s, 45 MEH,
1.7 SZitZEREVEASHh

FEH 2 DNA RERIH 534 GraphPad
Prism10.1.1 3RAF8E7 72 P [l )4 43 By Se — i X[l
H5T s 2SO S BIR A 3 AN AR E R,
i GraphPad Prism10.1.1 #4-JE1 AR R 22
538t

2 BRGH
2.1 RPA-Cas12a/crRNA Xt #EFR 551 #Y
YIE R 2

TEMX, RPA-Cas12a/crRNA HY5&E AR ZE#)
PO sty 2N R7I E ARG NN o T S i M Rea D
B TR —& N HEAT FOE, A5 R B ™ A
2GR SR e (B 3A), it 2 b 1 A1
K ICHRZ 5 43 A ] fE 2 RPA Je b 5
Cas12a/crRNA & & UK 0y U1 1 [ 1w [R] sf 6 4 7 s
2 HOAH T 0 S M NG R R AR, A X
ssDNA-FQ reporter #3545 5 VI HI R R 1855
I HE P 5 KL A AN 23 37 g i K R R,
XRG40 i R, PR AR AR Z
HiT, L RPA 473 S 1 = ) %A 15 Cas12a/crRNA
HEMEEE, USRI R W 225 R0 5
VAT, Fe XY 20 pl K& & iy LbCas12a,
crRNA . ssDNA-FQ reporter, NEB buffer 2.1,
RPA {34 7 Wy MIJCAZ R Bl K A &5 2R3
4 RPA i AR Casl2a/crRNA J2 b [l iE4
A}, Casl2a/crRNA & &A% # bR 54T T4

MUIHE, SRS ESEMA R B ER A
Fomgh(&l 3A).
2.2 OPRCC M {AZRRE L

3 57— Ak (one-pot) K AR =0 2 |if, X 3 i
AN IR T 22384718, CRISPR on the lid:
¥ CRISPR & & #1357 (NEB buffer 2.1,
Casl2a, ssDNA-FQ reporter, crRNA)TESE &
I, K ZHTE R ; CRISPR on the wall:
¥ CRISPR A& Z o i A AE & BE I, 2806k
MZHIHET 5 all in: K FrA K INA 28K
BT 9SO EH I (& 3B). 45 B, HE RPA
JW AN CRISPR [ [AIEF#E4 7, Cas12a fifih
PE AT DLBEOE B BOE & ok, B UAE T
one-pot 1 Z e FRKE 0 2 41 40 76 [ — 45 R [l s
oA, 9K RPA I3RS IS, CRISPR
A DOEE TR, & 22 uL ik
Z 145 LbCasl12a, crRNA | ssDNA-FQ reporter,
NEB buffer 2.1 (%535 I); Rehydration buffer,
RPA-F ., RPA-R . #!4x DNA . ddH,O . magnesium
acetate (5 )i%) .
2.3 crRNA/Casl2a HIiRE 1L

BEE 0.50:1,0.75:1, 1.00:1. 1.25:1. 1.50:1 .
1.75:1, 2.00:1 DL b 7 AR LT
RPA-CRISPR/Cas12a [ W (¥l 3C. 3D). L34k
R, 24 crRNA/Casl2a FLEEE AR}, 2K 59
HAG SRR, VIFIRCR AT, H R A R
I, FRZGEEET 2:1 MR, BE i
A9Z5 4 1 pmol/L LbCas12a, 2 umol/L crRNA |
10 pmol/L ssDNA-FQ reporter.
2.4 RPA-CRISPR/Cas12a R B{EE M

PLAS [A] ¥ B gt B 240 DNA #F 17
RPA-CRISPR/Cas12a 9 RBUE MK, w1k
B (58.1 ng/pL) 4 B2 i B J5 AF S #E bR ik A7
RPA §" 3% 20 min J& , BUHL ™ Y1 by e i) ¥ bR 2
17 Casl12a/crRNA YJHI 0, Je W 7E 37 °Citfy
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A 20000 [ - Two-step RPA/CRISPR B 1s000r B !
+ One-step RPA/CRISPR —
15000 [ = NTC | 1
e 10000 -
-] L /;_'/* ) i}
% 10000 ¥ Z
/ 5000 F
5000 - y
,)/‘.‘.A,;-A*"’
0
0 20 40 60 & & C <
Time (min) c;i%,}\b c;‘*'ﬁ\\ > <
SR
C 40000 N D 40000
—0.50:1
30 000 | 30 000 — 0751
5 5 —1.00:1
= 20000 - £ 20 000 —1.25:1
1.50:1
10 000 | T 10 000 —1.75:1
T H —2.00:1
" i - o —NTC
E
10 000 - F 15000
8 000 10
T L
- 6000} - 10 000 10°
2 ok = E 108
% 4000 F ~ o
roxkk 5000 - %82
2000 - | 4 —10°
i o —— —NTC
0 1

NTC 10* 10° 10° 107 10% 10° 10"
DNA concentration (ag/uL)

30 45 60
Time (min)

0 15

B3 #®UWEERNRLTEER A VENEERIER R K ; B: one-pot fINFE N ¥ X /R E K ; C-D:
crRNA/Cas12a ¥ HWAHM ML /R ZIK ; E-F: AR BENR/RZR ., NTC: AEfEARXT I,

Figure 3 Schematic diagram of the optimization of the detection system. A: Comparison of cleavage

activity verification; B: Comparison of one-pot sampling method; C—D: Optimization of crRNA/Casl2a
concentration ratio; E—F: Sensitivity test of two-step method. NTC: Non target control. *: P<0.05; ***:

P<0.001; ****: P<0.000 1.

60 min, % 5 min WHE 1 ROOGE . Z5HREKH,
EY B 5 Casl2a/crRNA EES5WKEEE )G,
Cas12a BHEEBEGE , %F ssDNA-FQ reporter i
FTARRERAPETIR], IR HPOEFS, mdy
AREEAR R B D155 25 57 .35 (P<0.000 1),

Tel: 010-64807511

T G Y JE TR 2H DNA W FE IR &= 58.1 fe/ul

(IZ] 3E. 3F),
2.5 OPRCC RHEMEFZFMHITENKE
JEDXin

Pl hvKP ARiE B ) DNA %454 (5.81 ng/uL)
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R AR — 5, IR RInAE KRR RS R S AR AR X R R TC 2 5(B 4B).
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Figure 4 Schematic of OPRCC performance testing. A: Schematic of OPRCC sensitivity; B: Schematic of
OPRCC specificity testing. NTC: Non target control. ns: Not significant; **: P<0.01; ****: P<(0.000 1.
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Figure 6 Reliability evaluation of OPRCC detection
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Figure 5 OPRCC genomic DNA sensitivity linear
and second order polynomial (quadratic) of
endpoint fluorescence signal value and log DNA
concentration (n=3) correlation coefficient R?=0.811
(linear regression); R*=0.877 (second order
polynomial (quadratic)).

qPCR (KM i Jy 5.5%10%5.5x10° CFU/mL), %
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system in blood samples. A: Schematic of qPCR

detection in simulated clinical samples; B: Schematic of OPRCC detection in simulated clinical samples.
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b R JUAEN], B R PG Je it N 24
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TARELK, WRRi A EESE MR R, Jt
R A DM A g P DR A TR, XA
B AL DA ER 2T, YET, R
[R5 52 C0E, B AR gk H S e st 3
AH 5 1Y e 2 7 1l 4 5 B AR A (hvKP) Ji A #F 5%
gL

T CRISPR/Cas £%4i5 RPA J7 i%Hk M
S B — IR A SR, AUAESE T RPA
Py AR . EIR . PR, I H
37 RPA S R SR B . 5t Bl B P45 2R
A R BR A, A8 SCEEST BRI &, M T 13 A
e SRR, A HE—2 5 hvKP HELH
LY B B SR, I 2 LA i 4% v E A
QR , K2 R AT, RUAKZREAR
UFIRE S . TERBUERI R, AR SCRI S 1 5
RILIRZH DNA ¥l 58.1 fo/ul, miAepblim i
FEACHR AT A A e fIk B R 5.5%10° CFU/mL, iX
CLRETH 2 H F RN T AR TN R oK . AT qPCR
75 2 (AR I e B 5.5% 10> CFU/mL), A< 3 fir
ST T IR AER DRIV AE A e, LR B R
B 7100 1%, EEAARK I E B 80—120 min %A%
2 40 min; AHE T LS00 3 T 20 TR AL A Ao
Tk, RSO R W AR 6T A DU s ]
W BE T B S A I 25 R . RS A
B 1 5 58 T8 A T (hK PRSI 7 1, R IR
20 BRI S BN DL, A SO &
i) OPRCC J7 AN 5 2 37 °CHIFH IR 414 5 /Nl
EHE OB s, I H IO L HAE AR
XI5 1 A G T 5 AR RS I s i) 45y TR EL AT
BB 3).

JEF RPA-CRISPR/Cas12a [ 25 125 46 I {4
RO HA REH RBEMR T, (HAELER
B R AAE—SE SR RYE . W, THESEHEAT RPA
1, SR PRSI M) R B Cas12a B4
R, OGN T SR R B, A R REAT
TESE BTG AR . NIk, PR ENTIRR T
—Fh5E e — b iR I R AR, H
TAAETER 37 °CAF T S 40 min, B AT R1G4S
J AT P S DRI . X R R
2T RIZ 5, ak X N B BRI SR 1,
TEARM P FAT R B RPA Al CRISPR/Casl2a
(1) I 7 2 43 TR) Bt i AR 7 R 22 3 AS R B B4R
ROR(# 3A). X AT BESE Kl Cas12a A=A
K YIENE 2% RPA 519 eiy H /) H AR DNA
AT, MRS RPA A 1 s 2339400
JIT LAFE 88 57— AR A I R R, R TR A
RPA 41435 Casl12a [A]s & 484 A, 4 TH: CRISPR
F S5 iy 2 T TE A RE B A TR 45 R R, RN
CRISPR 4143 FlCAE 45 BE b LRl ™ A 2 05 2 e
SAE(# 3B), {Hi TR INTE S BE v iy LR
B, EIEI T REMERE T DA AR A 5 5
HAG FE S IR R REM SR T4 CRISPR 4147
e 5 AR A ek (B 1 ARl 3B),
11 HFRATAEHE A SE g0 2o 78 o 9 R e BV AR
EINIG . BAR—IRIE R A R AR FAE 50
PR A R E AL BRSO 45 1 B B — 2
B, R, TR R E RS, A
SEBE AT T AR AEAS R, To AR
HAR BRI B 40 BT oK, X )2 CRISPR/Cas
PR Z N — KR B . B % B W A 4
RIERRY W W, A CRISPR/Cas KAk
F R T R BE O . BT AL B R E
VAR 3 A AT SN 2 R TR, TEAR S E
Mgk, MM L%t ot . AR R
T —Fp TR RN A5 Cas12a 455 171k,
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£ 3 OPRCC 5275 hvKP &M 5 R0

Table 3 Comparison between OPRCC and existing hvKP assays

Method Time Index Equipment Minimum detectable References
concentration in
clinical samples
(including simulated
blood samples)
String test 38—58 h Length of Autoclaves, constant temperature =~ — [6-8]
mycelium incubator, Petri dish, automatic
microbial identification system, etc
Galleriamellonella  92-106 h LDso Autoclaves, constant temperature = — [71

infection combined
string test

incubator, Petri dish, automatic
microbial identification system, etc

Murine lethality 256370 h LDso Autoclaves, constant temperature =~ — [9-10]
assay incubator, Petri dish, automatic
microbial identification system, etc
Serum killing assay 41-46 h Count of Autoclaves, constant temperature =~ — [7-10]
bacteria incubator, Petri dish, automatic
microbial identification system, etc
PCR 270 min Gel Centrifuge, DNA electrophoresis - [8]

electrophoresis apparatus, gel imaging system,

bands PCR apparatus, water bath, etc
Multiplex PCR 220 min Gel Centrifuge, DNA electrophoresis - [38]
electrophoresis apparatus, gel imaging system,
bands PCR apparatus, water bath, etc
Real time-PCR 80—120 min  Ct value PCR apparatus water bath, etc 550 CFU/mL This text
OPRCC 40 min End-point Water bath, portable fluorescence 5.5 CFU/mL This text
endpoint reader
fluorescence
signal values
- OO R R

—: It is not mentioned in the original text.

MWIF 5 APISc crRNA, SCBL T2 1 A0 E
R R, R RO IR LB R S AR 5
S OPRCC KR RAHLS G, FIRE MR
TR DR SR AR R, (S S —
RMBAE, BLoh, A ST ST AR IR R 7E
195 crRNA Wi I AFZE R BR P o FERT
WingE e, AT AP H A M JCE T RPA 514
1 crRNA [R] B3 T % i 3% 1 % FH I ol 8 2 4
XA IR ATTAE B T 75 LR 31 T RPA 93 X
15 crRNA $EARITH B VC AL, BRI = o
i crRNA JERTEm & RPA 51T 1Y

FEHIZ M. K% RPA 5 CRISPR/Cas Bk A
A 28 00 P 428 S B, 35 DR e 401 %) A 2 1 B
A Ik — U B AR T AR, Rokn %R
TF & AR S Wl B PF, AR TARRCR, HEsh
ZA R KR
4 HZi

ARG A ST ARSI A 2R X6 i T A AR
R H R AR, ELAE AR YR A A I A 37 3
I 2% B 5 B 5, 3% 7 T e AR LS I #
5.5x10° CFU/mL MR, EF15450H qPCR

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



1808 WA

FiE Rk

Microbiol. China

I (AR MR i 5.5%10° CFU/mL). M4 F
ST 24 0 9256 % PCR 388 AR M r K AG:
W, A FE ST 0 — 20 PR S AN s
KK T X hvKP PRI, X hTER
AERT 7% i 7 35 )23 B 7 ML) S5 B2 it T ) I it
W HE TR ER T %, RRIZEARG Bt
— A, FFIh R 2 I AR A R A
SR S R T ML) 18 5 05 T o7 RN 4 o T AR K FEAE
L o ek St T A S0 B A3 i B R S 4
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