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Bifi %5 % CRISPR/Cas £ Gi v HAF X AR A, H:
N B W F & . CRISPR/Cas R4t L4
W T2k &%, BHEH T4 128
CRISPR/Cas % 4t F % {4 f Class-11 B! [y 11 2%
CRISPR/Cas9. Class-II #I f#j V 2& CRISPR/Casl2,
Class-I1 7 f) VI & CRISPR/Cas13., Class-II B V
%% CRISPR/Cas14, LA J Class-I1 %! fiY I 2 CRISPR/
Cas3 % ™, & H MRS : a. CRISPR/Cas9
R G Cas 25 4 & A HNH Hl RuvC il 7% 4 X 5k,
CRISPR/Cas9 7£ 1 # RNA (guide RNA, gRNA)
(5 1 R RSB P3[R ) 3 8B
A 5'-NGG-3"f i ] X 7 51 28T HEJ¥ (proto-spacer
adjacent motif, PAM) F%1], gRNA 5|5 Cas9 %1
TR ] 5 50) 5 s HINH A RuvC B ) A% R
R E 774 DNA S 4E W %2 (double strand
break, DSB), CRISPR/Cas9]%|DNA FZ =1
HEOYS R 3 5 b, Class-11HI Vi 50 FE K
CRISPR/Cas12 £4t, Casl2iE A& A RuvC [l iE 1k
X1, CRISPR/Casl2 7t gRNA 5|5 {H 51 4 H)
Wiz £ %1, CRISPR/Cas12 i %Il DNA #U R ¢ 41 1
PAM J¥ %1, 3% CRISPR/Cas12 %I #E [ii] X 4% DNA
IE), [RIRHEGE T CRISPR/Cas12 FIESE fy) & 7,
c. Class-II %! VI 25 f) CRISPR/Cas13 M % % RNA i)
—FP R RN B2 40, 7F gRNA 5] 5 F CRISPR/
Cas13 5 crRNA [FHEE AW, 1R 50 1] b DX ] 32
(protospacer flanking, PFS) J¥%1 HI# [a] RNA ¥ 5]
J& . PTG T Cas13 £ XTI 7] RNA ¥ 51 458 51 19 57
Pl R B BTE T AR R S D) E s
d. CRISPR/Cas14 f& 3t T Class-11 1 ) V 2§ CRISPR/
Cas R4¢, 7 gRNA 15| 5 T UL M A% 2 ssDNA
JEH, s HA ) EIE A, S S T CRISPR/
Cas14 X} ssDNA [ #E e 1) #] /5 e. CRISPR/Cas3 J&
T Class-1 B9 I-E %4 CRISPR/Cas 2 45, Cas3 # [i] i1
ot AR P T B — > orRNA, 7 gRNA 5] 5 Cas3 F
PR ] dsDNA HE [1] |5 51 J5 3836 Cas3 5 X #1 [r)
dsDNA [FFHEFFHEATUIH], gRNA JE B AME 1) Y] #
FEAE B O, WIS T Cas3 & (A AY AR 0 ) )
ssDNA !9 JF J&FEF CRISPR/Cas 45 [ X 41 [) £ iR
FERRBIA T B A, DL X #E ) DNA 5% RNA
PIDIEIRE S, ARSI DI Re oY . SR
FLPNGIT 47 DU A T T AR B R BTz 1
A

1.2 CRISPR/CasRZZHIEEN A

CRISPR/Cas £ &t fic i 1 ¢ I ELAT Bk P 24 4 )
REJFIEAT TECHREAMS, HETC A —R 514
RBFFEHRE A SCERZE AR MY Bl X Cas 25 14514
URFSE, A% B CRISPR/Cas % T 1 FH 2L X 45
AL, T DA TR R . R 5EAE D) PR
GEAFBI IR T % 7 . CRISPR/Cas R 45 73 41
—ANE LN R R e, B R R
g . L CRISPR/Cas9, CRISPR/Casl2,
CRISPR/Cas13 il CRISPR/Cas14 RGMH T — F 5
SFEWrES, HPh R 28 R Ak
A SHERLOCK (specific high sensitivity enzymatic
reporter DETECTR (DNA
endonuclease-targeted CRISPR  trans  reporter)
S BRILZ AN, VAR R ST B 2L & R
CRISPR/Cas R Gt LWL i as 240, WLUHT
JERR (DNAELRNA) 3 FRYEM, JFasr 17—
FI5rF2Wrr-6, (3 H AT = 4 R A R
i, AR SCH AP XT3 T CRISPR/Cas A4 W4 k2% &
SAEIMBA (exosome, Exo). /NMrF a5k
FZIR 5312 Wb (8 i R BB i AL A 4

2 E FCRISPR/Cas12afy 5> FiL & 22
FIEZEE S F 2B eI B

2.1 ETFCRISPR/Cas2afi 5 FiL Witk BEE R 4t
TEExo#& I Fh 89 B A

Exo 72 H 2R A 5 W R e/ MAS, BF9EIA
“} Exo 25 440 ffu ] B 2L (05 B AC TR Z2 g AT
AR R EEVER . Exo fEAN R 34
A—, ANRILHLUR IR Exo 784 AN EN BE 7 THIATAE
Ze5t, I BN AMMAMEL B AR ST Y sh A A
A MUAAAGIN ] B B Ry i o B A AR Y EE S W T
B, HEAWEFE A G H CRISPR/Cas12a £ AR
ST PR S DU AR WA A 9 7 75 (CRISPR/
Casl2a/exosome) """ . CRISPR/Casl2a/exosome %
ST Casl2a AR WML IR G, HOERMAYR
Pric — Bt & A SN bR 25 ) CD63 1 L {4 i) DNA
J¥%1 (CD63 aptamer), H:H' CD63 aptamer H.#MF
512 Cas12a B ) Jy 51 B BE. BT+~ J7 51 (blocker) o
CRISPR/Cas12a/exosome A= P 1% J& 4% 2 Ge ko Il 11 5
APLBMT: BB AEYER (biotin) Frid 1Y
CD63 aptamer 5858 = MEIRICHIRIERLE &, 2456
MR 7 A Exo fA/ERT, CD63 i Bt 147 51 5 Exo
1 CD63 455 I HM I T REZR K, 52 blocker

unlocking)
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B = AR &, Ok BEBRKE W Bk . CD63
aptamer/Exo/fii ¥k 1) 52 & 14 5 blocker 73, Casl2a
TE gRNA 951 5~ 5 HE 7] Blocker 751 J& 38036 He
A bE [ RS Cas12a EFE DI EI 0
EX TR OE| = MY R E N I R I Va o0 ) Y [= == ¥ iR |
RGATEAE Exo i, CD63 1& B ¥ 91 5 REER S5 &
ANHERETIL Blocker [T 41, TERGER 51 53 72 1 blocker

JF 51— B W 2R W B 53 5, IR Cas12a AR TH 2]
blocker J7 5| I A7 7E , ASBEPLTE Cas12a UIHI T P,
I ARATOC 554, ILEAR HETE 23l i H
T RAEAS () S RS T e Ry, AR 0 91 Ty
3x10°~6x10" particles/L, J-75 /i & Ffd R B &
MG IREEAS R 1T T ARG 80E (1, £ 1),
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Fig. 1 Principle diagram of exosome detection by CRISPR/Cas12a biosensor '
Ell CRISPR/Cas12a%: ¥t Bas M A R R Em
CD63, AMBIRRIEFATHIbR G o

2.2 E-FCRISPR/Cas12a#E 3 f)CaT-SMelor/\ 53
FHEWN RS

CaT-SMelor  (CRISPR-Casl2a and aTF-
mediated small molecule detector) /N3 Kl 5
(& 2a) ™) J& 5 F LbCas12a Bk & 28 ¥4 % 5 H -+
(allosteric transcription factor, oTF) & AY/NF
Kl 22 45 . oTF i i £F 4 % 45 & 3 (cellulose-
binding domain, CBD) [EfEMMmeFgER L, &
A REW LT Yt 3R 45 5 B 5% ¢ ¥ (CBD-oTF)
AR dsDNAJF, 1EH Cas12a 1] ) #8
[n] J 41 . CaT-Smelor 5 ¢ K Wl B A Jii B2 40 °F
dsDNA 5 CBD-oTF JE iU A4, Sl 5 AR/
5 5 CBD-oTF &5 51, GRS AR50,
55 A BB dsDNA,  gRNA 5|5 Cas12a i85l
#[n] dsSDNA ¥ 51, Casl2a, gRNA FI#E[E] 5 31E A
I ARG IS Cas12a 45 55 P U1 E R R R S 1k
PIE D AR A AR 7] ssDNA FE 41 7= 98G5 5
Hosmas 5 RO AR RN FACE Y ROE L, it se

AT TR e A E At NV e & e, H
T £ %) CaT-SMelor /Ny F Rl R4, © £ LA
R M FEAS TP PR IR, RIS [B] K24 1 h,
KB (LOT) M 1 nmol/L, — WAGIM n] 1 F 96
LA AT i A (E2a, 1),
2.3 E FCRISPR/Cas12a % 37 B Tc 40 B 4 15 R 28
INGTFUEHTN RS

T Cas12a H HEY) Cas12a- 1 1) To 4 B /N7
TR RS (cell-free biosensors) Faill“F-4 (&
2b), HILAK MR R WE—B&H T7)H )
T BUT . TR TFRLIEEE T 5 gRNA
il Cas12a U511 dsDNA #14] J¥ 51 . oTF [ L5 T7
Ja B T ER AT 7 5 45 G A T7 I8 37 i i
& Nl B dsDNA #% 5% i crRNA - (pre-crRNA)
MIVAR R PG /N FAEERE, HAT LS oTF 455
51 o TF 5 02 J5 5HEIF X5, #E T7
JA BT B SRIE T, 5 5% R pre-crRNA Ji5 485 D)
7oA ) crRNA, 5 Cas12a 1B i 2 A AR 5] 418
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Fig.2 Schematic diagram of small molecule detection based on CRISPR/Cas12a molecular diagnostic sensor
E2 ETCRISPR/Cas12as; FiS Wi & AR A/ FAENRIEREE
(a) #:FCRISPR/Cas12aty# ) CaT-SMelo/NM3r FAL AW R 48 1125 (b) T CRISPR/Cas12af 7 A TLAIML/ NS TR I2S (cell-free
biosensors) [ (¢) JLFCRISPR/Cas12alit & WIFEDNAGST 10/NYTAL S W 24 'Y (d) JLFCRISPR/Cas12af sy 1) = B EUHAG T
4150 (o) %?CRISPR/Cas12a§¥J_E’Jfﬁ§EBE=%AV\(9“ 4 10 TF, ZEHHEsEINF; CBD, ZF4ER45 4.

S, IR SEOCRC AR R IR RSO EAM T RBUGIN MG rh A PURR R ST A R, Al
=, LN S & e E R 22 h Y (F2b, K1)
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2.4 ETFCRISPR/Cas12aB% & IREDNA # 57 19/
NFUEURNERL

L F Casl2a #1 3 i DNA (functional DNA,
fDNA) FEE /N F 10 A A8 W 1% B A - &
(Kl 2c), /& fDNA 75 i CRISPR/as12a /N5y ¥ i
M %4 (fDNA-Casl2a). fDNA-Casl2a il & 4
FEARFARNT : Y RGN R FR /Ny F-1E
AR, fDNA 5 CRISPR/as12a 1H 51 i # [6] 7 51) 45
4, T CRISPR/as12a £ 4t 5 L 11] 35 51 DNA J 5
MEE, REANEIONES; MRAR DA
N ) A N Gy T A A W B, IDNA BRI
CRISPR/as12a & 4t n] L 5| DNA J¥ 91 45 4, ¥
CRISPR/as12a PIH| 9t HRIC AT AEHE 7] ssDNA 541
PR ES . IDNA-Cas12a 24 HETC &0 T
WA (ATP) FENEST (Na') BRI, %
R G RIR IR fe) e, HE IR AR BRI RT 5E RUR
N (E2e, #1)o
25 E FCRISPR/Casl2aZ I =B S RN
E

JET CRISPR/Cas12a #: 57 [) — JRFUHA R 40
(aptamer-blocker) ([&2d): 5 i i #4) S P 4
(aptamer) FIPHWT T (blocker), 7EH =R E AT
FE G DL T Aptamer JE & & R 458, i 25 B
blocker J3%1), H. A7 blocker & Cas12a - 1) i 81 [m]
H, ZHEVONETEBUE AR5 s S ) U 5 A 5
] Y)E DS CARIC I AR RE 5 1 ssDNA JF 51 77 A 58
55, WA 2G5 5 B AT Jsz e = TG0z (1) 75
9 HENZE AR BT A0 = R R
T, ARG I 3 R K 2 2E 20 min, AU R BR K
38 nmol/L, (El2d, %1).
2.6 E T CRISPR/Casl2af I g fi ZEEZART
R

BE T HE B o8 IR WG BR 9O A% 5 (magnetic
sepation fluorescent signal) 1 CRISPR/Cas12a 4 &
g FEE A (ochratoxin A, OTA) LWL ks
K Zge (Kl 2e): 1 %EHH OTA RIS BLiA) 751,
HH XMFF 2 CRISPR/Cas12a B #E ] 32 51 59 ¥
MR NIRRT H OTAFATE, WEERIT S5 OTA 45
AR E AT S (CRISPR/Casl2a FyHR AR 5
FF%1), gRNA 5|5 CRISPR/Casl2a {5 51| [i] /5 37
CRIEFCAR I H B ANTF) , #0G Cas12a R &

AT A 1 ) 5 = R ) ) R R e S R R RN
FEEARICHY ssDNA JF 3 5 = L5 55, N HI#E
B B R V) B RER B 25 28 MR MO RAmid i3+,
KBl E G 955 U BRI B A
BT OTA, HATMEHZ1 S 1h (Kl2e, F1),

3 E FCRISPR/Casl3afi 4 Fis i 1& B 28
FEIEZEB S F 2B eI B

3.1 E F CRISPR/Casl3a & 37 B9 & 14 %% B B
(ALP) &M RS

BT Cas13at @ Y MEBEFR B (ALP) Tk
W A B RA A R S8 (TITAC-Cas) (&l3a):
BT T7JH 3071 DNA 5% (double
strand DNA, dsDNA), sl i fb, Wil
AR Z v I [ 43T ALP AEFERY, T7 R34
B A SN B R AR T2 TT JCIR R B SR Y ALP A7
TERE, S AR R AL, T7 )R sl F IR )R L oRih
P, 5% BEWE CRISPR/Cas13a 15 51 1 #2 15] 5371
J 8] CRISPR/Cas13a/gRNA & & R it 52 1) 41 1) FllE
PR A SOEES . Hirzd AR T &0 H
T HepG2 40 Ml i) ALP 35 PE I 5, H A BR A
6 mU/L, A&l JFERFN AR S & 3a Fik 1,
3.2 E FCRISPR/Cas13a% 31 95 R L 4 W 4& i
R4

T Cas13a HENT (VD 1] B A= W A I s Kl 3R
4c, B Casl3a kA 284 O U0 1] B R I °F- 5
APC-Cas (allosteric probe-initiated catalysis and
CRISPR/Cas13a) ([&3b): BEitREMEIIIG AR
PSR ERED (allosteric probe, AP), TEJRFRIA
FETEMTEOLT , APfRERe M5 Hirw kg &,
MBS, FEAES YA DNA BABEIVE T A Rl
dsDNA, FfiJ5 R T7 5880+, J8shid Bk 500
s, %77 W) H4% RNA  (signal strand RNA,
ssSRNA) A Cas13a U0 AL 741, 7% CRISPR/
Cas13a # [ ) FNAERE ) Y)3#) 7= AE9OGAE , il
R NG5 S g SR A= e A AE . HTE R
JH APC-Cas AR SEHE 7 V0 1] [T A 2 Al ™
AR F A W A REAS B U0 T T BRI, AR U 3
1~105 CFU, 5% %00 5204 R A BE5E N (real-
time PCR) VEFIREFRIAH LG, HAG A s (8] 550
#(E3b, #£1),
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Fig.3 Non-nucleic acid molecular diagnosis sensor detection system based on CRISPR/Cas13a
E3 ETFCRISPR/Casl3af 3 FIEIZEE 5> FiS Witk BSR4
(a) #TCRISPR/Cas13a 7 FYALPIEHER RS 75 (b) #:TFCRISPR/Cas13aft sy RS IR HUAE MG RS 1),

Table 1 Application characteristics of CRISPR/Cas biosensor system in non—nucleic acid molecular detection

1 CRISPR/Cask: ¥k it R AR ER ) TR R B R F%E =
il & 4t Cas 2k PAM  BEFRFH AW KRR B9 w8 KRS T HAREY 5%
HA A i 8] SCHR
CRISPR/Casl2a/exosome LbCasl2a 5-TTTV ~ DNA  ~40min 3x10°/L 7ok LARUAZUN b4 [11]
CaT-SMelor LbCasl2a 5-TTTV DNA <1h  1nmol/L U5 JRIE ik [12]
Cell-free biosensors Casl2a  S-TTTV DNA ~2h 2 pumol/L w2 N TG WA [13]
fDNA-Casl2a LbCasl2a 5-TTTV DNA <1h 475umol/L ¥t & Z=WRBEFMMET R [14]
Aptamer-blocker LbCasl2a 5-TTTV ~ DNA  ~20min 38nmol/L %) & ZREE 2uuskr  [15]
Ochratoxin A cas12a Casl2a 5-TTTV ~ DNA ~1h 5 ng/L R I FRRA £ bl [16]
TITAC-Cas Casl3a  3-PFS: H RNA  100min 6 mU/L 5 Tl P i 1 ity HepG2 #Hfitl [17]
APC-Cas LbuCasl3a 3'-PFS: H DNA/RNA 30min 1x10°cfwL %%t  f& WITIKE -4 [18]

VICFARIREL I A/C/IG (V=A/C/G).

A AZ R AS DN Ty D P g FH 1 A D R e Pk B9 G
AR SCH A A T CRISPR/Cas 4 T2 Wit st 22 4t
TEARRZIRIZ W B H]

4.1 CRISPR/Cas5r FiZ Wit BB EIEZB D Fi2

4 CRISPR/Cas5r Fi2 & B2 e dEZ%BR &
Fi2 W i A R ER R AN BT &

BEE B AU RS I E, 7 T2 EOR

B3] TH R K&, CRISPR/Cas 2 G AE N —FhHr 2%
M FISWEAR, X B e R PG 2 W A TR
K T1, BC T SR LR AR e R B 2
(SARS-CoV-2) FREKLI . CRISPR/Cas 77 F12
Wi A ARG I SR A7 S B A% RR AR A R P Fh 28
R, HAEAZ TR ARSI 1 AR BR AR ST AT I2
L, AT C A B0 g R ml ik SCikdiis, (HAE

i F AR

H A I TR R 73 T2 Wi (1) CRISPR/Cas &
45 T 94 Casl2a F1 Cas13a P FP2EAY , HAG M REAS
RV I, W T AR . . A0 B
b R BN ARAE R I O R TR B TE) A 20~
120 min NG, RS4RI 22 46 T S 3 RIT A ARG
CRISPR/Cas 7> F 12 Wik s R H AN H A%
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FEALIOREAS . KB ), e o . RS
L RESE R, AT SRR R ATl A S
B IREE AR R A L 1] 431 DA LBl 2 )
BN = REMAAE TS, BT
CRISPR/Cas £ = Ge W # bR 4 F-10 )2 Pk L FEA
IR 38 P L R A E Y, AR
R R #% , W3S A F POCT. [A It CRISPR/
Cas Kl BE3E FAEBRI T K R R ALK, DL 2
RPEH R e, e WG, RN, AHE R X
G, TSN
4.2 CRISPR/Cas7r Fig Witk B2t FEIEZER 9> Fi2
7 A 9 R BR 1

YRR —Fp B BRI # AR, CRISPR/Cas 43112
Wi % AR W AFTE—E WG . a. CRISPR/Cas R4t
Cas &5 119 3 51 0 1] 77 1) 3f A v B AT AR (off
target) N 0 2, 7E gRNA 515 F Cas & N
SRR T AR T, SRR SRR T AN A
fic J& Ji, CRISPR/Cas. gRNA. ssDNA/ssRNA = JC
BEY, FAERREDIE, RIS R A BB
APk . i ad TR = fR . CRISPR/Cas R 40
KGR G, s TR B 7 18 T AL CRISPR/
Cas T FIREE P 914815 = - L CRISPR/Cas 54
i 3T LA gRNA 3581182 5 L [ %00 (on target)
FEREARE RN, , 2 5 P PEAS R . LT CRISPR/
Cas F B0 ), AR Fip 01 7. T L sh P 4
Huf AL CRISPR/Cas R 48, Jfxt Hopd Rkt 47
AWriAl, B RTIEAE S5 Ti% R G # i R
W B (BdE ok &R ) o b B AR,
CRISPR/Cas 2 G BEiTHT, gRNA #5551 b A4
T PAM TSI, BRI TR R, IR
TR LR AR R PAM [ Cas 2 1, DA AINAG:
WM RIEME, ¢ KB CRISPR/Cas A6l 22 4 7 22 ik
THARSMEIRY 38, LT ZEER A 1L 5 PCR R
FILAMP 45 AR 45, i JC7k L BLIG R POCT w14 i
M. HEFX—E, HETC KA CRISPR/Cas R4E
HENT T — RN TCT M TR MEZ RS 18 A R sl
AR, (AN AER B AE RS, H s E
il R AR R MR AR B, DA i R
. d. CRISPR/Cas12 Fil CRISPR/Cas13 Z 45 #! [i]
PJ#IJ5, CRISPR/Cas, gRNA FlssDNA/ssRNA JE
B = e A YIRS R D) B R e 2 T
JESE I UIE (MERE )& aeJr, vl AR REAR
CRISPR/Cas [ PIHEITEE, £ @I ERE ) U1 RE 2

DL A I R . e H AT K 203 T CRISPR/
Cas RGLHST 153 T2 W0F- 5 3140 To ik 5230 i3 A
T, AR o ARSI e T 2T % =5l L (1) CRISPR/
Cas 7 FEWI RS, HEHERMEMRRE, KKk
CRISPR/Cas £ Il &2 4i°F- 15 515 B H A A bRid
FARWEA ISR TR IR, S 28 S A 5
P, SCHAT AR, A . POCT 484 BE
J1. £ HAEGHE T CRISPR/Cas #37. (AR IR 7> T2
Wi RS RIS R R A TR, RSN R 42
FEALIREA SR 3 Fhs, IR 2t — 2P ot
T CRISPR/Cas £ [WAE RS> T2 Wi R 5 .

2% FFTIR, CRISPR/Cas /3 T2 Wil R4S VE K
— Pl BRGNS TERZ IR T2 Wi ik Je e
AL TR S T2 Wb AR LA ) R B N AT . 4
CRISPR/Cas RGN T2 WiRE J1, K B T 9 4
WSS TRETE B . AW W 5 %K
W PREE W DL R G R BR S W GO, HAT B2

pEYas
& £ x W
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Application of CRISPR/CAS Molecular Diagnostics Biosensor in Non—nucleic
Acid Molecular Diagnosis”

LI Zhuo, ZHOU Jian”, WANG Xin, XU Pu

(Department of Laboratory Medicine, The First Affiliated Hospital of Xi’ an Medical University, Xi’ an 710077, China)

Abstract CRISPR/Cas is not only an important gene editing tool, but also an effective molecular diagnostic
tool. Presently, based on the CRISPR/Cas, a series of molecular diagnostic sensor systems have been established,
which are widely used in nucleic acid and non-nucleic acid detection. There have been series reviews of nucleic
acid molecular diagnostic sensor system based on CRISPR/Cas. However, there is no systematic review of
CRISPR/Cas-based non-nucleic acid detection system. This paper is to review CRISPR/Cas-based non-nucleic
acid molecular sensor diagnosis system of characteristics and principles. CRISPR/Cas system of non-nucleic acid
molecular sensor diagnosis system is divided into two type, CRISPR/Cas12 and CRISPR/Cas13. Based on
CRISPR/Casl2a, detection system of exosomes, CaT-SMelor small-molecule compounds, cell-free biosensors,
fDNA-based small-molecule compounds, melamine and ochratoxin was established. Another large class of non-
nucleic acid molecular diagnostic sensor systems that based on CRISPR/Cas13 is alkaline phosphatase (ALP)
activity and pathogen detection system. The advantages of CRISPR/Cas of molecular diagnosis in vitro have been
demonstrated. Therefore, the basic work flow, detection principle and characteristics of non-nucleic acid
molecular diagnosis based on CRISPR/Cas molecular diagnosis sensor system are reviewed in this paper. It is
expected to provide a basis for the application of CRISPR/Cas-based molecular diagnostic system in in vitro
diagnosis.
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