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Detection of fluoride content in Euphausia superba based on fluoride
riboswitch transcription system and CRISPR/Cas12a
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ABSTRACT: Objective To establish a method to detect fluoride content based on the fluoride riboswitch
transcription system and clustered regularly interspaced short palindromic repeats-associated protein 12a
(CRISPR/Cas12a). Methods The system utilized fluoride riboswitch to regulate transcription of full-length or
truncated RNA in the presence/absence of fluoride, which was then detected by CRISPR/Casl2a-mediated

fluorescence signal. Selectivity and interference analyses were conducted to optimize CRISPR/Casl2a detection
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system, and the method was applied to measure fluoride content in Euphausia superba. Results

This study

successfully established a fluorescence detection method based on a fluoride riboswitch transcription reaction system

and CRISPR/Cas12a, which completed sample detection within 1.5 h with the results consistent with those obtained

by the national standard fluoride ion-selective electrode method. Conclusion

The fluoride detection method

established in this study for Euphausia superba based on a fluoride riboswitch transcription reaction system and

CRISPR/Cas12a, demonstrates high specificity and accuracy, showing potential for fluoride content analysis.

KEY WORDS: fluoride riboswitch; clustered regularly interspaced short palindromic repeats-associated protein

12a; fluoride content detection; Euphausia superba
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DNA % Ji Il i il 590 & o ok 4 B3 7] (36
AXYGEN 7 7 ); DNA Marker( ' [E Takara 72 7 );
NTPmix (" E 3 = KAV ARAF); &kah. JoKmmh
(Ll =99.8%) . NAKEFHAEE . FALH (NaF) (2l =
98.0%) . {SLALEN . TCKBULEN . TOKBREREN . TCAK IR N |
TUKEERR A . T OKGBIRE AN R . K
G RN TOKBRRRES | SRR (ZHEE =99.0%) . AL (2
B =99.5%) . EALEG (L =96.0%) . REER . FEEHZEY)
JEREE IR (ZE R = 98.0%) . AR EE . HaRe . —miw
fi5(dithiothreitol, DTT). FBSER(ZHE = 99.0%) (1= 2454 Ffk 2%
WA R A, A 1 118 1 (bovine serum albumin,
BSA) L3R A RAEWE ARA WA A
1.2 UFE5E%

GeneGenius B I 18 53 T (JE1E Syngene 2 #));
DYY-6D Hi yk {¥ HL ¥ . DYCZ-25D =& B H 9k 1€ .
DYCP-31DN /K - B ik AL (AL B — A W BH A BR A 7)),
SpectraMax iD5 £ WfERiHR Y [MolecularDevices 3% [E 431
RS HFVE BRS ) ; SW-CI-2FD B8 TAES (M e 228
SHFEARA BRI FD); BS423S 41 KF-(KE ¥ 0.001 g, Jb5i%%
Z RN R ) o

1.3 FTLRBIREVIRIE &

T R B B £ AL 5 THAVARAJAH 26145057
Ll 4%, ¥ Rosetta2 4 RIS T A B Z B AL R,
B J5 PRIBCR IR VR 7L B 2 AP E Y 30 mL LB B3RSk
37 °CHESF 16 ho HU 20 mL 35 IR YR 2 1 L 2 500 REEHE
B4 6k 25 P i #% BR 411 (2xyeast extract and tryptone
buffered potassium phosphate, 2xYT+P)15 55 i 555 i
WFE 37 °C. 200 r/min #%fF T 85 3% 2 0 804 K W
(ODg9=3.0+0.2), Bl K352 035 53 Wi, F 4 °C. 5000 g
ZF T 15 min ERANAL . ANMEDTIE A 25 mL YRR np
(50 mmol/L Tris, 14 mmol/L A% H2EE, 60 mmol/L 4% 2
B, 2 mmol/L DTT, EEMRIEY pH & 7.7)¥E% 3 Ik, HIKE
WIGTE 4°C. 5000 g 5T 00 10 mine 55 4 R0 564
M 4°C,7000 g 5.0 10 min, JIHEDHE 1 mL YEG R ik
SEUUHE A B A, R P A 2 R T VA AR € L
fit, ¥ %E 1.5 mL B.O08F,

PR BT 37 °C.200 t/min 554 F 45 3% 9% %% 80 min,
$REURAE 4 °C. 12000 g T K E.0 10 min, B HIER. ¥
FEET 10 kDa B8 T, 7F 4 °CAMF P ASHIBENTHLE
BT 3 ho BTG R BGR B NTLE P B, 7E 4 °C. 12000 g
TR 10 ming B FIFR T3S, T-80 CIRAF# .

1.4 CRISPR/Cas12a #& N R ESLFAL

CRISPR/Cas12a % 5% 2 N ¢ Stk il & & (20 pL):
4 uL T7 buffer 3 (5X), 2 uL DTT (10.0 mmol/L), 0.8 uL
BSA (5.0 mg/mL), 0.2 pL Casl2a (W4 DNA $U#5

DNT-1 (0.1 umol/L), 0.16 pL Casl2a %& [ =Y EI S
(0.1 mmol/L), 2 uL #4Z DNA (50.0 nmol/L), 0.4 pL Casl2a
(5.0 pmol/L), 0.4 uL 4 F =82 1 B2 K ¥ (nucleoside
triphosphates, NTPs) (10.0 mmol/L), 5 uL JCAHE3EHW, 0.5 uL
NaF, FITCRIZK AN E 2 20 pL KBl il ir IR R B 0IR S, #%
BRI, RBIRE 37 °C, FhE 30 s RE—RIO,
RSB IND/S il S

CRISPR/Cas12a % 5% 2 5k AR R A4k X Jo 4
MuFR Iy s R e UL Ak, PRI R i I A 2 vk
ANAE, MU TCANMEE A AN 00 1L 3. SuL, KR
PIRTCR K55, ARS8 AR5 0L . X DNA #5847
BIFPZE L e e FEA AL, B2 CRISPR S 1A 2 AR ARl 4
124 Anderson Ji ST HUAZME 56 | Apr S5 BT BLRHEFF OC |
Apr A BT RUZAEIT G | Apr A SO F PURMREITOC, J3 55
WREHM 0.1, 0.5, 1.0, 5.0 nmol/L, HABAHFEFFAZE, LU
TCUEAKAE A BT B, RS AAr FiSE AR () f] Fl e B R 1Y) NaF
WIS B S B ROR

1.5 CRISPR/Cas12a &K RiZIF MR TF IS

FEBEAROR B ITH) DNA Rt iE{T CRISPR/Casl2a
S R VDO ERINIAR R R F LS . Casl2a RN A
5 FR 1.4 AR XS SONAR R AGIEREE ST, eSOk R
A NaF 83524 0.2 mmol/L & 4k4H4 . 0.2 mmol/L JRAL4N .
0.2 mmol/L FHALAH . 0.2 mmol/L FREZEN . 0.2 mmol/L HiEREM .
0.2 mmol/L B2 &4, 0.2 mmol/L HRE —4N. 0.2 mmol/L
TiGmR%M . 0.2 mmol/L Z %M . 50.0 pmol/L # TR TR S HI(A
B8R, GEFREN . BRTREN . BREREN)FN 18.0 pmol/L FHE TR
AU ALY, Uk, TRIEREN . BTREREN . BRR
SN, WERRE N . THIREN . LR . HAh SRR,
PLTE B KA A B % B, 0.2 mmol/L NaF A Jy BH 4% B,
RO 0 AN [ 9 8 P BB AR o R RN AR R 1 T
A, TESAE 0.2 mmol/L NaF A [RIRE bl vh B AN A [l 4
HOLTARY, W 0.1 mmol/L & 4k44. 0.1 mmol/L 1k
£ 0.1 mmol/L & 4kEE . 0.1 mmol/L & {k45 . 25.0 umol/L
LB FIRSY(12.5 pmol/L BREREM . 25.0 umol/L AR
B 25.0 pmol/L A ALEE . 25.0 umol/L FRARAS). HiAt st
PRFEAREE, UG KAE A BATEST IR, 0.3 mmol/L NaF 1EH
BEP: X6 B, G0 D0, PH 8 B T 8CR
1.6 FRBTHERNLESESE0NE

4 mE W AR AR R, BT A ROR SR MRS S
R4y BT, kMBS 0E B, Ahae FHZE K s e BR,
B 23R A FE e L IR DY o KA BT A S 40 B AR AR R,
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FAHBER 70 °CHET, FDRBRPLRRE, 40 H i, T8 XU
ARAE . FREX 1.00 g B3iEad 40 HIGRRAE, BT 15 mL &
LA, A 10 mL EHFR(1:11, V- V) SR BERE 1 h(R
IR Sh), BRI FE R T BE . 5000 g B0
10 min JFHC L3, 33 0.45 pm JEHE, SEREII AL 2 ).
m R — 0y FIEW AN A 25 mL BB TIRIE SR, 55
% 50 mL ARk 2208, B, FTR ISE fill 5
i B —0r EFEW P 25 mL 2848k, F NaOH i
pHZE 7.0, B ZE 50 mLEFDH, ZIFKEFEZE, H
F Casl2a ¥ 5 AR 2R G

1.7 HIEAIE

ARG A ER B Origin 2021 4bBE, FA%RH
Microsoft Word 2023 HlfE, &R 3 W1 T EdH,
XL 3 ANEE I TARE 22115, 2 H IBM SPSS
Statistics 27 47 A 2 4317 -
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AR 22 N [) 2 9 B AR, ot e ) 1 28
{55 UnE 2 frR, LR 5.0 nmol/L AR HA EHLAY
SRR C A m POt B, HE 3 N, BT R
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M BT R A7 AL DL R iy i, R I S5 S 6 458t vk
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Fig.l Optimization of the addition amount of cell-free extracts
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Fig.3 Fluorescence intensity changes at different DNA template
concentrations and different NaF concentrations

22 BAUHILPEF KR KK -CRISPR/Casl2a &
RIEFMMTFIRME ST
22.1  FRACHAZAE T % 4 F R -CRISPR/Cas12a 4k R it
B Hr

AHIFFE I SR A AR R 38 2 TAE 0.2 mmol/L ik
BN s A E TR AE T AT 207
RV EERANE 4A) IR, BRI TFAh, A g%
B BAE R N, T H AR SRS T ARG O R 2R S
3 T A 85 (P<0.001). AN, %) B2 AURE B
PR S A MR E FRRS WA R ST, T
RAMFRABIELFIHE F IR G, Bl e 4
FRAS ) 08 L RH B A R 9 AN ] %) B 8 3R A a4 il
K, MR 4B)TR, U R AR R T L
AL, BAES IR G W IR G Wy bR FR A S e 1N 4 55
(P<0.001).
222  FAAH BRI £ £ F R K -CRISPR/Cas12a 4k % F
ot 5 Hr

FEE SRR S, SR AR A R T SR I R R iR
A REAZ B H 0L — S BH B T ok, XX s R
WIEAT T o0 0T o S TR SEE LB B TR, AR WF SR AE
0.2 mmol/L 52 F M T U AR ¥R 34 0.1 mmol/L
FIBHES 7, LATCEEAKAE N BT B AT T 3208 . RIRl4
A PR 1, RWE 5 iR 3T ARRER
AP ES T, HAP YR T 0.1 mmol/L M558, SEEHE
BB AmAIC, B RS B 5 8 T A T S Ak S T 0E M 5%
Wi T 9B RS R R R SR AR, AT B 5 X
IR BFZ IR /N, LAY BH S AN SR A R TR BRI i 4%
P, #BAN R G %o Sy AR FR B R, R T R
o A R FLA BT AR T
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Fig.4 Results of selectivity analysis of fluoride riboswitch
transcription-CRISPR/Cas12a system
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Table 1 Ions’ composition in different groups

WA WET WA AT mET
1 +
2 + +
3 + +
4 + +
5 + - - - +
6 + + + + +
7 + + + + + +

FE: HRORUSIN T AR IR 1 75 - 2R B BN R R A 1
FEs TIRa MR . THIREN . TRIREN . BREREM).

2.3 FERBITHERARSERN

K AR WEFE A ST 19 2 T IR AL A E I OG5 57 B g R
AWK & & %, 2 0 b o &
Y=789589.59881X+2586382.92029 (+7=0.99), £ ¥ i [l Ky
0.006~1.200 mmol/L, #;HBR 0.001 mmol/L. XF T T
i 0.1 mmol/L WIARMESESEIME 7 W, MHXTAREm2E N
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9.8%, TEZS IV MA 0.1 mmol/L F10.5 mmol/L HY R+,
IR 98.2%F1 93.1%. eI, XABISE A E#E ST A 3L
T A A% T S 5 53 TS oy 1R 3 ARG I e 5 2 1) ) 1 A 9L
ISE. IC PAKAEICRELIEAT T AR (R 2), ARBFFEEES 10
D7 T HLAT 5 T A 2 S LRI IR A ARG T B, L&A s by sk
FEATTE 1.5 h N5EM .

SR FAASBIF T v 28 37 14 5 1 SR 0 AR T St i SR g
1 NG I R R B U IR e, 25 SRS R ARME T EE R ISE 3
PRGN P T AR Tl A 96 5 B 5 AR — 3, PR R RN SE
T A AR X AR HE R 22 4390 R 11.2%F1 11.5%, Ti4xiF
HIAE SRR 22 1 25.8% (55 3), 20T IR IR Al g2 4 iR v g
Byt TR IAE— SRR LT T RBAR R, FE
SERL/N G FERA AT DU P AHIF S o T8 S 0 7 ik T R R
A v B A

3.5x10°

3.0x106 T
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Fig.5 Results of interference analysis of fluoride riboswitch
transcription-CRISPR/Cas12a system

R2 AARFESHMERSFRMNG AR

Table 2 Comparison of this proposed method with other methods for fluoride detection

Tk RMESE 6 1 R S5 30k
. ISE 0.04~50.00 pg/mL - [8]
IC 0.5~50.0 mg/L 0.01 mg/L [9]
SR 0.050~1.000 mg/L 0.0328 mg/L [10]
SRAIIAZMETT 5 5 [ -CRISPR/Cas12a 14 5 0.006~1.200 mmol/L 0.001 mmol/L ATy i

TE: -FR S5 SO B R R A5 R

=3 FIBRIEF LB R K N-CRISPR/Casl2a A A NER BT RS2

Table 3 Detection fluoride content in Euphausia superba by the fluoride riboswitch transcription-CRISPR/Cas12a system

b FALYIRZRETT 27 55 2% -CRISPR/Cas12a 14 £ /(mg/kg) % ISE/(mg/kg) AEXT AR DR 22 /%
AR 714.05+3.87 962.12+1.89 25.8
LiNG 180.512.53 203.14+1.63 11.2
LN 1995.82+5.76 2254.97+1.45 11.5
3 & it TR Z T A0 S A , (EE X T A SR N, A 22

T A B AR v o ) S 5 e L — 2D T R B S B i
D 22— 00 R R 2% T A R B AR PR R S, R
JiE i SR TR 2 AR ST SR IR R
I EA R PRI R IR 45K, JE g HL S CRISPR/Casl2
RO SRR T I TR A R A, AE B A
Jr i BRI R T

AWE TR T 9 A B OB T G
CRISPR/Cas12 A A1 e 5 S A 2 9t m] AL A 0 D7 7%
HARVRRATE 1.5 h Wsei. Pufbdfdsr 7T ik
PIRNETIT G Cas12a ¥ SO RGN A 2R, IR EAT T %
PR ZR B TEFRPE RN T2 M, L T R A A A 1) 955 e O A
IMZE R ER . RGNS B O FTIE RNA R
B, P ARG, AN ORI A B, nT

BK, Jaeiik— A 5 Ze Rt S R Ab B A TR e e
L JT R i X SR AL W A% M T e % SR S N -CRISPR/Cas12a K
AR ZR B T3, LA 42 2 SRt i ARG 00 107 F

EE P
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