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Abstract: Uranium plays the key role during the development of nuclear energy. But an im-
portant issue that has to be solved is the preventability and controllability of uranium pollu-
tion. Thus to develop methodologies for uranyl ion detection has attracted much attention.
DNAzyme shows great potential in sensors design because of its specific binding activity and
exceptional high selectivity. Here, the structure and characters of DNAzyme were intro-
duced briefly. The uranyl ion sensing methods based on DNAzyme developed recently were
summarized, including colorimetry, fluorescence, surface-enhanced Raman scattering, reso-

nance light scattering, electrochemistry, and so on. Two enzyme-free amplification tech-
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niques that exhibit ultrahigh sensitivity were also recommended. The sensitivity of those

based-on DN Azyme methods for uranyl ion detection almost maintains nanomole magnitude.

But the performance of the sensors is improved remarkably after combination with enzyme-

free amplification techniques. With the developing tendency of sensors for easy fabrication,

low cost and portability, it can be expected that DNAzyme-based sensors will have widely

application prospect.

Key words: uranyl ion; DNAzyme; biosensors; fluorescence; colorimetry; enzyme-free am-

plification
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Titf (1) 51— LA 22 56 AT LASE 2o Ak 2 07 25 A s
AR AR LR 2 L &, (3) R Phir,
DNA fiff it Z AR PEE PE R B Z )5 AR B A TR
S PR TG P S BB A% TR R R 20 19SS A5 A .
(4D Ko BMMER. DNA [ 5w i 6] LLRE &
PEAT 8 Fh A= Wy R0 Ak 2 46 i o BRI mT LAAE Ry 5 TR 2
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Fig.2 Sensor based on AuNPs disassembly

AL AR T SEBRRE b 9 3037 S s A
2.1 tk@&k

bl 8,302 T4 T IROIER B 5 H AR 1 R i
Jei R 22 B 6 1) A8 Ak R 6 AR P 2E AT A
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Fig.3 Scheme of label-free SERS detection of UQ3" [
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i 3 3 JE R A ) AuNPs B9 LR BUS O6 (5 5 R AR
b kS VO i RLS @ sl . (6] B T8
X — 55 S5 ABELER (AgD - & TR AE 1L
R SR AR Z . ] AuNPs i fb iz ik & Ag' ik
J L AR A O DS R B T RS A B R Al Ok ik F)
UOS M H = . AR AL 2F R Oy i 1 R 8
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3.2 ETFEHMMAEAR

B AR oF & 4k B (horseradish peroxidase,
HRP) & Hl e T2 9 — Frbr ic g . & B A i
fb H, O, AL DU A LI (3,5,3",5" ~tetram-
ethylbenzidine, TMB) [ Zj i . i TMB % i H1 &
@A R a5 . HRP SEARICHT I B 1 R 5X
HoAts By J5, BV AT T 7€ 57 23 A A A 2
Zhang %5 5@ 1 fff ] DNA [ Iy 68 1k 09 # 2k
(magnetic beads, MB) fi13&F AuNPs iy HRP f#
fLEAL TMB BCRAE NG 5 7 AW 52 K i)
FR R UOD By R SR e s, &4
JRE UOS kil s . X B MB [
PRA =4 —J2 MB 5 5 B i, BEBE NI A4 1Y
R PRI A 15 B s — 2 MB RERBIR A 5
PORL R W AR 1G9 A5 SR s = MB A A
T A3 BT ) A BN A4k A5 R (RO Y Tk
A3 B A5 BRI 7™ A 11 B R R0 0 /0 B B /N

ek MB gt R r M Z etk B At
F B DNA B gh g i@ o B Y R4 5% k&R
e YEA AR 487 MB Rifi . 75 UOZT BY1E
JHF . DNA Jig 9 59 U], B s 58 DNA Jy B
SRJGTE AuNPs il i Au-S 8 [ E 5 B
Mgk DNA H %M DNA (Lp-SH), ffi 1% AuNPs
W ARTE MB 2 [, [7] B 75 AuNPs 3 1f [& @ K &t
B HAth 8 DNA (A # 2-Sp-SH) LUGE i A= ) -5
TR M ZE A EAE A3k HRP, R 528 HRP 19 &
R . FEFIH HRP fiE 46 H, O, A fk TMB
A AR G S AT A UOS T . i ke
— 22T, BB S E R SCR, — &
AuNPs i 9 HRP & 4 it k. =& MB % [ f
AuNPs & LK, =R MB 1) & SRR . i
i B v PG DU SR ABORE A R BIRGE 7 pmol/ L,
3.3 4AYEEmMKEAR

BEF B A R O A A T B A S A IR
i G PR I A . e A A6 A5 5 R A A rpaT
fil b BB BH M . R0 e T B | v AR A AR R
MR R AR BRI W EE, BECH 2R
il R B AR I Kt R s n e 5 ik X S I 5 AR A
FIAR AL R AR 4

235 4% 1 I W Chybridization chain reaction,
HCR) J& —Fi i L 1) JC Bl R 42 R L 2004 4F 1 48
dy i M B T K 2% 1) Pierce /N4 42 35, HCR (1

398 39E 44 F-DN AT

okl 25-MB AuNPs 4 ¥) Z%-HRP

Bl 4 JET MBH AuNPs (RO TMB i (0 ff &
Fig. 4 Schematic illustration for visual detection of UO}" by using DNAzyme-functionalized MBs and

AuNPs-based enzymatic catalysis of TMBP®
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e A R T AZ IR =2 (8] 1) 58 4+ 2% S Ay i ok 15 52
WG FTOR AR Z MR T AT AT 2L 0 Bl B A H
A 5. BEATKRIER B PRy R A
B RN 43 R AL 4R ZE R A EB RN AR AR g —
Iy. TE—Z KB DNA 51 & T, BiFl o T &
A EAEH A B BE RO AEE DNA L 3 78 DNA
FBMEFERAG S Y REIG SRR E L.
AU 3 F DNA B f1 HCR ik R, #
T AR UOT i fba: A Y1 8y . Hofl &
R T 5, Bk s B W DNA i 25 1)
At Au-S AR T @ 3 4 ARk 2 . O i A 6-
ik IF C % (6-mercapto-1-hexanol, MCH) # 17
di LB MCH 2 R A &8¢ = DNA Jilg 5 7 .
UO;" fA7E S DNA i 25 8 B0 % SSDNA #E17
SPTA B EE S DNA A B, A B B % DNA
H Bt 5% F 1(Hairpin 1, HI) % 1-2 Bt B %ML
XPLATH HI W& R 454, 258 1119 3-2° Br DNA
Y 5%k 2(Hairpin 1, H2)Y 3 -2 BEH ML X
T H2 W& REit, XM 17-27 Bt DNA,
ZEWLN 12" By s 5 UOS" 57Y) DNA A
B HEE SSDNA R By 81 A ], 45 4k 2 fi 4k
HI1 f1 H2 Z% 3¢, a0 1 &2 98 6, 28 B 19 0Lk
DNA, ¥k 2% 5 5 ¥ 5 H 2§ (methylene
blue, MB)#x A X EE DNA Z [a] . i i 4 i) MB
(15 5 Mt BE e it U0 k., Mk A UOY
I H1 A1 H2 BBAE 7 1 & R 2200 14 /> Bt
X FRAE A AE - MB A 4 LR 1 BEAR 2 B {5 5 AR
55 o 3 Ff DNA R 5 HCRAH 45 & 19 1% & 07 5,

e B R R ) SR AR L 1 U B S R
R BRI F] 20 pmol/ L.

H br i 4L & = 41 %% (target catalyzed hairpin
assembly, TCAY AR , H2EH /e H Pierce /N K
PUOFARIE . AR R H R S AR L
SrFRRER 775 KR4 5 HCR R
RAR—HE o 220 IR AR i R . A H
B DNA B}, 43 A& < 8 2k 25 38 i o 25 % 1 8
FAET KR H . HJE 2 H s DNA f£7Er . H
br DNA 25 H1 232 T IT H1, B 5k
RB Y H2 2858, 55 H2 RREMITIF. 4T
FFRY H2 W57 51 5 HAs DNA A6, B LTI
1) H2 5 H1 BAHASZ A BOWEE DNA KT H
i DNA Fedfe B, il H A5 DNA 4k 22 fii A
T—1EE H1 5 H2 B2 58 /. dlad 3 Ff i1l
VAL, b5 ) H bR DNA g AT L AL K B
H1 A1 H2 A1 5 2252 B L 0EE DNA =97, A
BENE SRR . TCA 5 HCR & Ky 2
BTET TCA N HAR DNA 2 5 LA [
LA FEAT S A AL ZEAEAL = b, RO R BI2R
“HEAHRITRPER . e HCR O A, H AR DNA
filh 2 3 ¥ R 2Z ) B 2% 58 BB s ) IR 5 T BT AR
B EE DNA fr . 54 TCA BA T 19 i K
RO, HCR WY R AOCR N 2 ~5 4% /h, T
TCA MR B Al LI 3 20~50 £%/h, R 1 Al
DS B ey i RS

BT TCA HE m e KRR L s, A PR
Y 254 AuNPs B 0 44 5% TCAH R #y i 1

5 3+ DNA §F HCR (9 i fh25 8 4y 15 5

Fig.5 Schematic illustration of sensor for UO3" detection based on DNAzyme and HCR amplification"*
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R DNA &£ &7 &, DNA [ & H IRAL &
0.01 pmol/L. It4h, 3T DNA JFl TCA jit K
BAR ARG BT T — Bl 2 L IR
F UO & (& 6), H1 By 5' 3 H-SH &
Wi [ 5 F M 6 1T . L 25350 A il i 5 4
T H Ath A% IR B K KRR T DL A AR 4R H R E
MY, DNA i 72 UOST 9 /E AR A= i o i
DNA J B, 5 [ 7E ik 1w 19 H1 4438, 4T IF
H1 B B /3 SUEE 454 . TP H1 5 H2 T 4h
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Schematic illustration for UO3" detection based on DNAzyme and TCA amplification®*]

Fig. 6

* 1 T DNA R UO 1805 ik

Table 1 UO:" sensing methods based-on DNAzyme
ik 2& M K i R (LOD) (EREE SN i
HFRICH) AuNPs L 3052 50~500 nmol/L 50 nmol/L T AuNPs R &5
THRIC I AuNPs [ p:052) 1~100 nmol/L 1 nmol/L ESLi| AuNPs A0,
Pkt 0. 1~20 nmol/L 45 pmol/L I W RN K 5
B39 1.121~112. 1 nmol/L 0.41 nmol/L T PUAS T 5 G PR R 325
ey ee] 1~60 nmol/L 0.6 nmol/L T B Kl UO; i Ph2*
SERS 3[4 5~125 nmol/L 1. 6 nmol/L 119 NPs-ssDNA-R6G 148
L5 5 B g L1 13. 6~150 nmol/L 4.09 nmol/L T AuNPs $4E
FeAR S g k] 2.08~20 nmol/L 0. 62 nmol/L e RH 1 AuNPs 545
H 2 k7 2~14 nmol/L 1 nmol/L KM BB
BT A0S R SR S HUH R 0. 67~60. 3 nmol/L 50 pmol/L Bl AuNPs 1L 5 42 B8R i4 I
BT ALK I B £ ko 0. 083~0. 67 nmol/L 15 pmol/L TIF AuNPs i 1k AL 4838 J5
B4R A A L £ 300 0.074~56 nmol/L 7 pmol/L 1% i f TMB %1k 75 (4
H:F DNA it fl HCR 11 H fh 2 3 059 0. 05~4 nmol/L 20 pmol/L TIF WA~ F & R i HCR
3£F DNA BEH TCA fy 1Ak 2 3k 0% 0.01~1 nmol/L 2 pmol/L T+ WA F &Ry TCA
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