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HEF o FEFRFBECRISPR/Cas12a7s JLE B 28
A FEIRIEDNA B9 55 A 46

k& Rk AWM Bl T Ru4E TRE

(P ERIR AR R 4B, AWk 5 0 FAY 8=, KIF 030001)

M E T TR (Molecular beacon, MB) {5 SR ) CRISPR/Cas12a =& &4 , HI T
98 DNA (Circular tumor DNA | ctDNA ) I BLE BORAE . MB EAA RATpFee M, R AR uh o fbric A
POLE (FAM) MU L PHI (TAMRA) PIRHDOEEE A . ot DNA AFFAERS, CRISPR/Cas12a R F G, G
FAIE MB, K1 MB 4 o 1 2¢ O 5 P B T8 i & I8 4544 1) B0RR AH B4 1T & A o IR RE = A B8
(Fluorescence resonance energy transfer, FRET) , {7~ i TAMRA 225, 24 ctDNA FALERT, ctDNA f53 PR
5| Cas12a/crRNA —IJCESYIFHIE Cas12a B SGAUIFITEME. i T 5% DNA JE Cas12a fefUgtry Y, Ktk
MB R R ES RS B e Ul Ak | e S0 UsE ) i 25 1T S BRI G AT I e 85, ok & A= FRET, fe 28 b
R FAM 986055 o Xt MB RS ABIEACH . MB VYR LI K crRNA 5 Cas12a MU LU 45 5250 S5 14tk
I Ak FERAEEMET, 1.7~500 pmol/L JEFEI P, ctDNA ¥ BE 5 £ BE87E 518 nm Ab A% a0 BE S LR 56
KRN 0.6 pmol/L(30) o W ILAEREES FH T MLIEFE T H ctDNA BRI, BIKCRAE 93%~110%2 18]

X$EA CRISPR; AWLEAs; »OCIRREIERS; THFFMIEDNA

FRIT, 0 28 N B A A I S BOE T A TR 2 — 1 3 3 SR T g ) s Lok &2
T IS B BRI R DR 2 2 DR, S RS HE IS T 5 R IR T T R SRR SR 1 0
RAPET R ECEED ALURKILEAE LW R AR R RA QIE . FERHC . pARES
H SRS AP AR R — R0 A L AT LA RS S A2 5k, b St A P 4
AR T ARG . EERIMIET DNA(Circular tumor DNA, ctDNA ) 2 Fi [PhsRd 41 B 3 41 it
DNA /N Be (5 0 BAAE B 0UE DNA) AT A6 T B B A A hn s 2 — 7 . cDNA ZE I i &
1, I H AP 00 (16~150 min ) , PRI ctDNA (BRI ELAT ik vE ™ o FII, % A9 ctDNA Ky
AR AW RV (Polymerase chain reaction, PCR)™) . JEFEIFENY | d b2z b Fn b g st
g5, (HXSE) AR E AR, BN, PCR LRI RE IR, 455 2 2V EWREARR TR DNA T
B DAY MBI B S BT 18] (2~3 Ji]) , Jevk il RPREAS I AT oK o BRI, TP R REBUE &y 4R TR
B PR HAR A ctDNA R kA H b B

A FIUERE (] B 114 4 (M1 SCEE & (Clustered regularly interspaced short palindromic repeats, CRISPR) f2
A (CRISPR  associated protein, Cas)ZH i CRISPR/Cas RGeS 12 AAAE T A H B —Fhakfg P
FEHLAH 10T fE S 2V 2569 CRISPR 45, CRISPR/Cas 12a 14 5 i HE MWL A 7 51 19 51 S RNA
(crRNA)FI Cas12a %Eéﬂﬁi[ ] WFFE &P, 76 crRNA 95| 5T, Cas12a 25 MY EA B R R B AR
B3 HATEAR 2 BB I EIEAE S 18 B Je e Hbb) 1 % Bl DNA 81 B s B v

WF55 % 3T CRISPR/Cas12a (R R Y R YIFIFEER T 2R EYEIET- G . Ren BFST4L "R
P IH AR Cas12a KRGS M T — PSR R AT miRNA B9H BRI Lu BF5E21 K D fE
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FEIR R PRI RE 1R Cas12a (R R UG STOREARMES G, & T —Fa] LR SR i 2 B s 9y
WNEYMGIRR G . X BLALIRAR AR LA it 23 B AR IC A 26T (FAM) MK LA (BHQ ) 1 BL%5E DNA
(Single-stranded DNA, ssDNA)WE NG SHRES , HAT RBUE S AD) FH AR, (0 ssDNA (5 5 7R Y
B 32 R G R 5 B3R ) | I FLE S 2R R M RE AR vh e e 2, BRI T LR IR R 222 B
ssDNA 55 #8441, 3 DNA (Double-stranded DNA, dsDNA) LA {E K CRISPR/Cas12a 1K & ({5 545
BEDO 24T BSR4 ] ML T ssDNA {5 5885, dsDNA (55 HRE R e v . 38 JI PR (R4 91
(R BE AN AZ BRI ) AEJEARXT I 5, Cas12a 25 FABEXT dsDNA A EEEDI 3 R A & R B (Rl B hed L 1), IF
LY 1 52 40 B 7 W SRS HET S FAG I 1 . O T I R H A ssDNA il dsDNA
- EREE N AN ,ﬁ%%ﬂ%ﬁ?%ﬁfﬁ:*z%u%%{%$ﬁﬁéf(Molecular beacon, MB) I, MB 2&—EEAf
ZE-IRZEF I DNA P58, 5/ 3/ K o AT 43 AR C 9 G AR K AT, A BPIRAS T, MB &k e 4544
DN PRI K 8% 1 5 3 & A e i SR B8 5% F% (Fluorescence resonance energy transfer, FRET) , ¢
PR s HERYIAELERT, 5 MB 22 F45 6, 1 MB (028 IR 5 & A 284k, Kk Je 25 F T IF R Sk AT e 8 o4
JEHEA, O LI .

AT R AT SRR 1 MB AE {555 M8 T —Ff CRISPR/Cas12a A= WL E&EF T ctDNA
FITCRKE . FRICT MB SRR WG 586 E (FAM ) DY EE % P (TAMRA ) %6 't 58 P & — X6 4 WL
FRET #%# X}, BRI ) 24 52 [ 1A FAM 5 321K TAMRA Z [0 &4 FRET 20 o SAE7ERAR 751
ctDNA B, BTG Y Cas12a Y] MB Jf-5 | 550 WU (19 1t 15, B RO G AT L I8 15, FRET BE42 0
55, NI SEEN ctDNA AR KTI . MB {5585 i i F A i 285 &5, B F CRISPR/Cas12a fA &R
X} ssDNA JEYIHcABURS , BT L MB #4238 ssDNA 7] 9 CRISPR/Cas12a 74 2 PR U U0 E] | T H &
T HERYIRRE I ;. Hk, MB ST dsDNA BETHBERHIR T 20 CIREN A SH5 5, N TiR4HE R
FRESh TP BIRSE R . B AE A T LIS REAS o ctDNA BUIAE , 25584 AT

1 LIE#E%

1.1 XFE5XF

RF-6000 2G5 OGETTH (H AR HYAF]) 5 FE-28 pH 11 (32 [ Mettler-Toledo A 7] ) 5 Bio-rad 2k
it AG AL (€ Bio-rad 23 #]) o

NaCl, MgCl,. & VU Z R 44 (Na,EDTA-2H,0) . 4-F2 2 FENREE Z 1R (HEPES , CgH sN,0,8) .
6xDNA FFEGE PR . 30% 5 N I M i B8 I FL Uk (PAGE ) IR . i iR B4 (APS) . DU L2 ik
(TEMED) . BZZ14e8t(GelRed) £ SYBR Green [ #ZFRYLEHAN TR ZEFRHARA ] ; EnGen®Lba
Cas12a K 10xNE ZZ % (50 mmol/L NaCl, 10 mmol/L Tris-HC1, 10 mmol/L MgCl,, 100 pg/mL BSA, pH 7.9)
4 | 22 [E New England Biolabs A F] . LAk #iral, B3 s S5 H7ZKCA Millipore 217K R4t (3£
[ Millipore 23 7] ) il & HIABLAIIK (>18.2 MQ-em) . DEPC 7K K ARSI FiF A FITAT (9 DNA 551, DNA marker
W FA T A TR (L) A AT BR A ], crRNA JEFIGSE T 356 2545 RS W], DNA FI RNA JF31 L
%1,
1.2 XWHE
1.2.1 Casl2a/crRNAZTTE &R &

FHL 0.6 pL Casl2a(1 pmol/L)F10.6 wL crRNA(1 wmol/L)Z EP & 4Nl 1xNEB 22 il ZARF N
6 wL, %), 37 CO/KIN 30 min, FE AL 100 nmol/L ) Cas12a/crRNA —JCE EW).
1.2.2 ctDNA#MT7%

P10 pL Casl2a/crRNA —JCE A4 (10 nmol/L) Z PCR & LA 10 wL AR EEAY ctDNA , FE-AI
A 4 wL MB(2 wmol/L) , F¢ /5 #Mill DEPC /K % 30 wL,i1R%), 37 C/KI I 40 min, F5F 65 C i 15 min
A% . RO LS R S  AMINZE P (20 mmol/L. HEPES, 10 mmol/L. Mg(NO3),, 100 mmol/L. NaNO5) % i
TRFA 100 wL, M2 7R R YD TEHRE o IR I A 490 nm , 0% Fl & S BREE SEE YN 5 nm , & ST KT
FEl°4 510~650 nm.
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R AHFIIDNA K RNAFFS
Table I DNA and RNA sequences used in this work

HHK 5]l
Name Sequence (5 —3")
ctDNA CAGGTAAACACACAAACCTT
MB FAM-TCTCTCTTTATTTGAGAGA-TAMRA
MB-4 TCTCTCTATTGAGAGA
MB-7 TCTCTCTTTATTTGAGAGA
MB-10 TCTCTCTTTATTTATTGAGAGA
MB-13 TCTCTCTTTATTTATTTATGAGAGA
2 MT CAGCTAAACACACAAAGCTT
3 MT CAGCTAAACAGACAAAGCTT
Random AAAGCTCGCCATCAAATAGC
ssDNA FAM-TTTTT-BHOQ1
ssDNA-1 TCTCTCTTTATTTAAACCA
dsDNA TCTCTCTTTATTTAAACCA
TGGTTTAAATAAAGAGAGA
crRNA UAAUUUCUACUAAGUGUAGAUAAGGUUUGUGUGUUUACCUG

D EARICIBEY FILEL s ot DNAJEFRIYEDNA; MB, 23T fFH5; MB-x, 3R FIBIELAIMB; ssDNA, FUEEDNA; dsDNA, XUk
DNA; 2-MT, BilSEA5 R 3-MT, =45 HL; Random, BEHLFS1

Note: Bases marked in red are mismatched bases; CtDNA , circulating tumor DNA; MB, molecular beacon; MB-x, MB with different bases in the loop;
ssDNA, single-stranded DNA; dsDNA, double-standed DNA; 2-MT,two base mismatched; 3-MT, three base mismatched; Random, random DNA

sequence.

1.2.3 FFLHPAGESLL

¥ 10 wL Cas12a/crRNA ZJ0E A9 (20 nmol/L) Fl 5 pL ctDNA (2 wmol/L) A EP & rh , -5 A
5 WL SFWREE (2 wmol/L) Y ssDNA . MB Fll dsDNA, #Mill DEPC 7K 2 30 pL, 1227, 37 “CoKIE WA A [a]
(10 F120 min), T 65 CHEF 15 min, HEFHIE

B 10 pLAES AN 2 wL 6x EREZ MR G, 4T PAGE(12%) , E i R /£ IXTAE 25 i (40 mmol/L
Tris-HCI, 2 mmol/L. EDTA, pH 8.5)H1HLIK 40 min, HL K 120 V., HLIKZSHS , H GelRed(1:10000) 22
30 min; feJ, 1T Bio-rad ¢ GEEE MR R Gk E KIS .
1.2.4 MiEEFEmRmIH

MLRFEAS 1L PG48 R T P B e it , MR SemF o B3RS T M AR i A 2 B & B, 2 5 38 S

o MMRFEAS T SB7E 4 °CLL 10000 r/min &0 10 min, EEIMTETE 65 CAKB TR 15 min, K P 8%

*ﬁ&@a@&} SRIG B AL KA R 1045 B , AR (1 ctDNA RN 2= M RE S b #2208 1.2.2 Wi

AT, A DGR

2 H#ER5VWR

2.1 KI/FEIE

FHF MB #4119 CRISPR/Cas12a AL BAR BT R ANE 1 s . MB 35 S5 R S 3 il Aric
A FAM(HEHA) F TAMRA (BZAR) AP GHE R . SATEAE HFRY) ctDNA B, CRISPR/Cas12a {4 & TC V1|
TR, MB P i 8 26 ' 3k A 1 S 22 58 551 & A FRET 3342 , 78 494 nm UK 6 T 278 TAMRA [)%¢
o SIMA HFRY ctDNA J5 , ctDNA H: TR Cas12a/crRNA —ICE AWHHMIE T Casl2a 9 7 E)
T, MB BYFRTE ssDNA P59 - DB dsDNA BRI, BRP 96 ' 3k A1 8% e 2 3 3
FRET BLA T, 7E 494 nm YK T F2 B8 FAM B986(E S, 2 T I T S8 ctDNA A
2.2 MBiR$t#1ssDNA/dsDNAFRETHIIERE L 1]

AHIAIHR BE Y MB 4T AN ssDNA FREFFEZRERE 0. 60 F1 120 min J57 , 7E 518 nm &b Y58 Hoik B AR fk
WAL 2A F7R , MB $8%T L ssDNA #8509 75 S L H B RS . M8 1245250 X b T CRISPR/Cas12a
PR Z X MB 55 F1 ssDNA 5RO DIEIER R . ani&l 2B iR, Bl DIEIRF I AE R, MB 4595 Fl ssDNA 5575
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Inact1v1ted é ?
Act1v1ted H H
ctDNA

A oDNA B CASI2a  §RaA crRNA G’MB @FAM  @TAMRA

Bl ST P CRISPR/Cas12a 588 T ctDNA 600 (4 J5 3R 5 4]
Fig.1 Detection strategy of CRISPR/Cas12a sensor based on MB probe for detection of ctDNA

518 nm AL IZENCERBHIIETR . ssDNA HEE 20 min B9 GIEA AR FAE | 1M MB 241 7E 30 min A28
REFEE o SRAHEASM: PAGE SEBG HUAR T Cas12a X 45K B Y 3 FHERER (MB/ssDNA-1/dsDNA ) i 1) 15
J&. G 2C iR, ssDNA-1 F1 MB 76 10 min B 275 5808 U1 (WkiE 3 FIPKIE 7) , 78 20 min BFRE4334
PLAIE] (VKIE 4 FIVKGE 8) 5 SRTHTERIFESAET dsDNA AT RBEIEN (VKGHE 11 FVKIE 12) ., FRSE B
HH, Cas12a XF MB YT B4 5 R ssDNA-1 225K, b dsDNA () B B RAR Z .
2.3 AI{THIE

J T KR IR ctDNA AT A 70, 1 98588 T A ctDNA HiJ5 5 A8 2 6M5 5 AR I
WA 3A fi7s, MB4REF B FAM (95 R &5 A 518 nm, TAMRA 1ER22 4K, Wik T FAM B9 L 5%,
TE 585 nm Kbt B s | IS YGIRBE 2 oA 101, 200 MB 5% &4 T FRET R0 (Hhk a) . Cas12a Fll
crRNA [HTANT MB (%6605 5 3 AR TCRE M | iX 0] Cas12a AT BT AR B (Z b Me). A
ctDNA J& , Z AR5 604 (585 nm ) TH R, ARG DE 604 (518 nm) 58 B2 BRI IN (4R d) ,iX KRB ctDNA
ST Cas12a BT TE, 51 & MB Y EIFIf#4E , FAM Fl TAMRA 2085, S50 FRET 0% 2% 408l 3B
JIE7R A ctDNA A&, 7E AN BR ST  RR 5L B0 A W B 22 51, ILE5 R 5205 5 s fk—5. I
I, WAL AR T FH T ctDNA [
2.4 ZWEHFHMRL

H T ARG AR A B AETERE , X MB SR AR H . MB ¥R LA crRNA 55 Cas12a A EE L 5]
AT THAL . BT 4 2% MB #8%H (MB-4, MB-7, MB-10, MB-13), MB #RERGRALRIEH 73510 4. 7.
10 f1 13, HFiX 4 5% MB 3REFARPRICO I ARSI IR AT SYBR  Green I #8784 R 194

EAIENL . QA 4 FR , MB FRERRYTHEE H M 4(MB-4) 3 1%)] 7(MB-7) i}, CRISPR/Cas12a K F 194]

FIR (UIEE 43 L (%) =100% (Fo— F))/Fo, o, Fo AR R 5e9OGH, Fy R Cas12a Y1 MB JE 1Y
YEICAE) BN, H B PR MB PRSI IEEL ) 1 s> T Cas12a YIFIRF A 2s A7 FH . 24 MB F0 A B
FHH M 7(MB-7) 34/ %) 13(MB-13) 1}, CRISPR/Cas12a 14 2 () EIRCR M FE | H 55 2 Cas12a Y
A ERE LR THERE S E)20) I HasB K-, BRI 5 093 hn S 8es ) &0 MB %% 5 s>
R, 364 MB-7 #6175 2505

[, AR R %2 T crRNA 5 Cas12a VR LB IRER SOLI R, F-Fo 2 A . G
ctDNA I L ERTE 518 nm AT BERI ZEMEL. AN SA FI/R , 2 orRNA 5 Cas12a FGVREE R 0.5: 1 3 hm
F 210, F-Fo (EZ WK YH B 2: 1 B, F—Fo (R R R, 1 RE R ctDNA 5iF
crRNA Z5 5 FEI% T H 5 Cas12a/crRNA 0 GWIMEE SRR, WITSEN T Cas12a BEAGIE M. UL, %
% crRNA 5 Cas12a MR AELLBIN 21, HEE T AFMREEH) MB XHZ AR 56 2 (141 5B) , B MB
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300
I A io min 1000 B
: 60 min X i
g 250 | 120 min g " -
= = 800f :
=200 =
o0 c0
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L 3 8
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= = 200 |
o 0F —
= L =~
0 0 1 1 1 1 ' 1 L 1
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t/min
C ssDNA-1 MB dsDNA
probe + + + + + + + + + +
crRNA = e - + o+
Casl2a
- + + + - + + + - + o+ +
ctDNA
- - + + - - + + - -+ +
- -
& S & &
Q§ Q§ Qé\\ Q'&\ Qé'\\ Qé}\
N Vv & o & @
> S Y > > >
9 3 9 9 9 9

K2 (A)MB Fil ssDNA HEFBCE A R E]ZE 518 nm 4b 195658 B, Horh MB Hl ssDNA MR H) N
270 nmol/L; (B) CRISPR/Cas12a Y)%] MB Fl ssDNA #REH 2 1% L #; (C) Cas12a VI 3 FREF IR
U8 A R PR AR T g 5 1 L Dk ]

Fig.2  (A) Fluorescence intensity at 518 nm of MB and ssDNA at different time , the concentrations of MB and
ssDNA are both 270 nmol/L;; (B) Relationship between CRISPR/Casl2a cleavage time and fluorescence

enhancement; (C) Native polyacrylamide gel electrophoresis analysis of three probes cleaved by Casl2a

1500

A - —a MB

——Db MB+Casl2a

¢ MB+Cas12a+crRNA

—— d MB+Casl2a+crRNA+ctDNA

51000 |
<

z Hﬁb

2 Low [}

Q

: 500

d High

520 540 560 580 600 620 640
A/nm

I3 (A) fRERRREA R AR T BYZOEM BB, o erRNA | Cas12a Al MB A SR 53904 3.33
3.33 F11270 nmol/L; (B) fIA ctDNA R JG 1K R7E LA M EIRET T B IR A

Fig. 3 (A) Fluorescence response of the biosensor under different conditions, the concentrations of crRNA,
Cas12a and MB are 3.33, 3.33 and 270 nmol/L, respectively; (B) Optical images of system with and without
ctDNA under UV light irradiation
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WeRERAIN , FFo (LG 2Z B, HR 24 MB fv
it 270 nmol/L it |, F—F, {HBE# MB e 954 1 = i Ll

=2
WD TR Casl2a AR IO BT B o [
SEEE L. I, KBRS EE MB ORI 5 |
270 nmol/L. :8; 60 -
2.5 fERSEMRTIEEE g
RS SR 0 T R E coDNA S [
FEAERH LR R MECRRL . BEY aDNAYRRERD, < 20
LIPS ) FRET ROV W4 76 518 nm AbIy5EEH O

JE 2R i b 5 (1K 6A ) o ] 6B A% IR RS I IR Ik 0 MB.4 MB-7  MB-10 MB-13
T ctDNA I Y9I R A . 5] 6C R T 1L TE

N El4  Cas12a XFERERRZEE H AR W) IR0
518 nn ALHOFEEHIE S cDNAIEIOK R, S aDNa it 2 b
B B 15 2] 50 nmol/L Bﬁ,'f?@%ﬁﬁ 518 nm 4o Fig. 4 Cleavage rates of MB by Cas12a with dif-
SRR TRE . B 6D ML st Ll MB fE R ferent base numbers in loop

900

800 A B
800 +
5700+ 5
A s
) &~ 700
9
600 -
600
500 1 N 1 N 1 N 1 500 L L L L L L L
05:1 1:1 2 41 3:1 100 200 300 400 500 600 700
CchNA : CCalea CMB/(anI/L)

KI5 JEF CRISPR/Cas12a SOOI : (A) erRNA K Cas12a OIRIE LI, (B) S T{7
P B
Fig. 5 Optimization of experimental conditions for fluorescence sensor based on CRISPR/Casl2a:

(A) Concentration ratio of crRNA to Casl12a; (B) Concentration of the molecular beacon

5SS PRI R ARG ctDNA BIASIERNZE . 24 ctDNA ¥REEA 1.7~500 pmol/L i, f£/&AS7E 518 nm
Qb BT EERIE 5 aDNA Ak LR R KRR 0.6 pmol/L(30) . LA ssDNA YE{5 S84, ctDNA
(R BR A 0.4 pmol/L(HE LHEER ) o AL B 5 SCHRIRIE (AT ctDNA 1) 4 0 4% JE%ais 1 1 BB X EL D
&2, WLATF LG ctDNA fZ s A6 H BRI, 53X 2B T CRISPR/Cas 12a 14 5 (1 Jo 4 - i X 0] 1)
TEVELL S MB #RET 25 R L3
2.6 ERSBENERME

AR T AL AR S . DUE T AL RS BC B AREE (2MT) . =Bl SE45 L B bRsE (3MT) . Rl DNA
¥4l (Random ) 5 HAR DNA P8 IR 5 (& 7). W& 7B 7R, 24 ctDNA )B4 400 pmol/L i, &/
£ 518 nm Kb PZENGRE R MOOWEIEASEL . — B SEAS A # 7 51 FIBEHL DNA BE (40 i 1525 11 525600
NAEARNE . FIREE SRR a8 AR IR R G B RAT A B EAS FC R RE JT , T LR PR ctDNA
2.7 EEREERSHT

Ry T VEAL AR A AR S PR i B A DN AR | SR FHASAL AR A I 1 IMLVE A P Y ctDNA L TERG B
(LT FEAS A A1 FE Y ctDNA SR FIAS Ty i A7 I . an &1 8B o, S I Y ctDNA [k BE 7R
3.3~500 pmol/L i [F N I}, (AR E 518 nm ALY ZEOGIREE 5 ctDNA BIRIE 2L CR | MIGEHEA
ctDNA K H R R 1.3 pmol/L(30) o
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6

(A B) MBEH s ITHE, A RHEE ctDNA 7R WL IR INZEOOLIE IR (B) MB F24)

S5 PATTI AN AARYR BE TG ] ctDNA B 2E WG IR A T2 0OGIE R s (C) MB VR 345 S TTT | AN 5] ik BE
ctDNA 5EE8TE 518 nm ATEEIRERIARSENE; (D) LI MB(ZLE524R) Fll ssDNA (5 fo je 2% ) 20 BiE Hy
(ERCE = vl B & B Y eSS

Fig. 6 (A, B) Fluorescence spectra of the fabricated biosensor in the presence of different concentrations of

c¢tDNA when MB is used as the reporter unit; (C) Relationship between concentration of c¢tDNA and

fluorescence intensity at 518 nm when MB is used as the reporter unit; (D) Lalibration curves of the MB probe
(Red solid line) and ssDNA probe (Blue dotted line) for detection of ctDNA

%2 AEltDNAA: YL A K I PEREAY He 4
Table 2 Comparison of different ctDNA biosensors

LioRpIRES LMLV Fr B SR

Detection method Linear range  Limit of detection Ref.

TR E D ERIm Y
TR RSO 0.04~400 nmol/L,  17.4 nmol/L. [27]

Fluorescence detection based on quantum dots
A 3

EMC%,”\ bk , 220 nmol/I.  0.65 nmol/L. [28]

Electrochemical analysis

IO I Pk
Eﬁ,ﬂﬁ%m?mﬁu]ﬁt(t B 0.128 nmol/L [29]

Electrochemical impedance spectroscopy
ST S A Sk A YGRS Y
1 . FET LR AN E'Fﬁ]&ﬁfﬁ%ﬁﬂjmxj‘.ﬁhu]/z‘i o 2100 nmol/L. 0.85 nmol/LL [30]
Fluorescence detection based on toehold-mediated strand displacement reaction (TSDR)
FET A RIS A K FE A TSGR
Fluorescence detection based on upconversion nanoparticles (UCNPs) and gold 5~1000 pmol/L 6.3 pmol/L [31]
nanocages (AuNCs)
FET B AR BURL Y 73 H 72 1%~10% WT
. . . 67 pmol/L [32]
Colorimetric assay based on gold nanoparticles (AuNPs) DNA
FET R DNA FWJ 2544 Y LR stk
. . . L X 120 pmol/L [33]
Ratiometric fluorescent method based on the construction of a DNA four-way junction(FWJ])
" CRISPR/Cas12a 5% g% T
T CR as12a BT R 1.7~500 pmol/L. 600 fmol/L. AT
Fluorescence biosensors based on CRISPR/Cas12a This work
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500
450 Blank
Rangdom
400 i 5
450 F —MT2 .
E S ctDNA .
e 300
250 Z
g 5
= E 200
d 150 d
100 100
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1 1 1 1 1 1 1 1 1 1 1 1 1 O
520 540 560 580 600 620 640 Blank Random 3MT 2MT ctDNA

A/nm

K7 AGEESAEEETE:  (A)R[E DNA BERYZOLIEIEI;  (B)ARIE] DNA B57E 518 nm ZbRYZEERE
Fig. 7 Selectivity analysis of this sensor: (A) Fluorescence spectra of different sequences; (B) Fluorescence

intensity of different sequences at 518 nm
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K8 fEIRE T ML FEAS T o DNA BRI . (A)IMAARIA] ctDNA I EIZOEEIE IR s (B) &R G
L7 tDNA A IE ik
Fig.8 Detection of ctDNA in serum samples by this sensor: (A) Fluorescence spectra in the presence of

different concentrations of ctDNA; (B) Calibration curve for detection of ctDNA in serum
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Table 3 Detection results of ctDNA in human serum samples

- JMAE ASH i A it fin 22
NO. Added/ Found/ Recovery/ Relative standard deviation/

(pmol/L) (pmol/L) % (%, n=3)

20.0 22.1 110 3.8

1 40.0 37.2 93 2.6

60.0 64.3 107 2.9

20.0 18.8 94 3.1

2 40.0 38.8 97 1.9

60.0 62.5 104 23

‘
3 &Fig

AFFEF CRISPR/Cas12a /R R 5 MB #REMHZS & FIEE T —F FH A ctDNA iY5eL s, 2T
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oy Hr Ak = 951 %

CRISPR/Cas12a & 2 BY15 SR , AL AR 22 B0 HH AR 5 19 R, 46 BRAK 2 0.6 pmol/L. MB 541 A9
BT AU ATFEARFE NN Cas12a YIFIHCR A ZAF T 3 SR EHE 5 DR e A A , i 5 T A Rkt e Ed LS
ST, TR EHAS I ctDNA . B IAZ IEES T IS REAS T ctDNA ARG , 25 554 NI .
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CRISPR/Cas12a Fluorescence Sensor Based on Molecular
Beacon for Amplification Detection of Circular Tumor DNA

ZHANG Han-Xiao, DAI Xiao-Chun, ZHOU Ya-Nan, LYU Xu-Zhen, GONG Tao,
ZHAO Xu-Hua', YU Bao-Feng'
(Department of Biochemistry and Molecular Biology, Shanxi Medical University, Taiyuan 030001, China)

Abstract A CRISPR/Cas12a-based biosensor using molecular beacon (MB) as the reporter was constructed for
amplification detection of circular tumor DNA (ctDNA). The molecular beacon with good stability was labeled with
FAM and TAMRA at its ends, respectively. In the absence of ctDNA, the CRISPR/Cas12a system was inactive and
MB could not be cleaved. Therefore, two fluorophores were in close proximity to each other, resulting in
fluorescence resonance energy transfer (FRET). In the presence of ctDNA, it could recognize the Cas12a/crRNA
complex and activate the trans-cleavage activity of Cas12a. Because ssDNA was the most susceptible substrate of
Cas12a, the loop of MB was rapidly cleaved first. After cleavage, two fluorophores were far from each other, leading
to the disappearance of FRET phenomenon and an obvious fluorescent enhancement of FAM. The experimental
conditions such as the base numbers of the hairpin loop, the concentration of MB, and the concentration ratio of
crRNA to Cas12a were optimized. Under the optimal conditions, a linear relationship ranging from 1.7 pmol/L to
500 pmol/L for ctDNA quantitative detection was observed and its detection limit was 600 fmol/L. In addition, this
sensor could be used to detect ctDNA in serum samples and the recoveries were in the range of 93%—-110%.
Keywords CRISPR; Biosensor; Fluorescence resonance energy transfer; Circular tumor DNA
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