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Detection of Urea by Conductivity-regulated Bipolar
Electrochemiluminescence
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Zhangzhou 363000, China;
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Abstract In this study, a bipolar electrochemiluminescence (BPE-ECL) sensing platform based on the regulation
of conductivity was constructed for the detection of urea. An independent sensing cell and a reporting cell were built
on the patterned BPE, and ruthenium bipyridine/tri-n-propylamine was used as the source of ECL. When urea at
different concentrations is present in the sensing cell, urease specifically catalyzes the decomposition of urea,
generating ions that promote an increase in the conductivity. Based on the charge balance of BPE, the ECL intensity
from the reporting cell increases. Meanwhile, the ECL intensities increase following the enhancement of urea
concentrations. Therefore, a BPE-ECL platform based on the regulation of conductivity was established for the
detection of urea. Under optimal conditions, this sensing platform exhibits a good linear relationship for urea in
the range of 10 nmol/L to 1 mmol/L, and the limit of detection is 0.19 nmol/L (S/N=3). The sensing platform was
further applied to spiked recovery detection in human urine samples, showing good accuracy and anti-interference
ability. This sensing strategy not only eliminates the need for exogenous electroactive indicators, but also effectively

avoids the interference of complex biological samples with the signal reaction through the sensing-signal separation of

BPE.
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PRZE (Urea) /AWK N & B A O B 22774, LR B K P J2 S eI A i R B ) G B R A 2
— U RNIRER E it m R S S OIRR RS | WK SRR AR O s & R A IR AT BB RN E SR AN R B RE
SRRl R, R E R SOASIN PR 2R i, AR I 2T | R I DL R T AR AL A5 5 T Y
HAEEEZE L. BT, WREWERSPTEFEA REED | 56k | mfbs kb fb2: 2ok
(Electrochemiluminescence, ECL) %45 . Hip | ECL v 218 1< 78 Hi AR 3 101t IR 28 v 1, A2 & 0Bk
HUMR BIOES, MIHGR IEASE DS CR AR &, JEMIARAS ECLA5 S ma 7. SEff e 2 B | I
T DA SRR v SR 34, ECLYEAE Ao Mraidgifs 2] vz i ™. SR, FEXT A PR AR A 546 DN
B, fB5 0 ECL LR FR TP — T AR, FE A& Bk Rt vh & e I Bt &) 52 BIREA v &2 4 AR L T i T
oo, e e AR AR R RIS S R, R B A A R I A TR B, R B X
2 T ECL A SZkR R F .

XU B (Bipolar electrode, BPE) J& 12 % T HL MR il , ZEAMTE A UK ) N W & AE R AL R 42
MR K BPE 5 ECLARSS G, AT ] BPEARIE-(5 573 B 1R Pk A 2 BPE-ECLAZIBAI- 5, M
T AT 3500 e & % A W B S 5 e OB B T8, AR, X Rl L IR 20z B 56 v, JFE N A T
DNA"5" Jsg fE AR AR DL S A ARSI L, L YL R T — R 3 AN R AR A MR
(ZnCoN-C) 1S 5 BPE-ECL A5 A% , 1B1i7E BPE BARL (UIE FL /R T HARY), FRpric ZnCoN-C
1550 F IO e A T 2 DG E B AR e 0o 2 A S AR 2R 1T, AATTSE 0 BPE FHAR 19 ECLAR 558 5, DAtk
P T A% 25 75 = A () BPE-ECLAZ B 5 HAh , Ni & g T — DT IR il i S 2210
BPE-ECLAEYMEIET-G . R A A2 8 SO 471G 7 A= 0 1 DNA BE, A T4 1 DNA &%, 7K
HE R REAIG, E MRS ECLAR S . IZA% BRI A D 1 AN 15 g /s SR R 0 e Il R, [ st
WG T ERRET (1 B N B TR IR AT A B, N AR L AR L TR IS . HeAb, 1B R A R AR
HORRIZET H AR ARSI SR T B e, FLA &R A T R SEOR I A= AR AR I AR IO 5 v

Krishnan 8¢ " 218 , JRZ KRS REMS S RS R A TR K. SEFak— R B, ARSCH g T —Fhil
W T BPE-ECL AEYME BT, FTIRZE MR . 76 BRIZ 10 5 i S b 8085 (1TO ) FL AR 1)
UK Zf LA LA K2 BPE Y B HL TR A0 K 4 (AuNPs ) 5 1] 2R — H BERE408E (PDMS) 76 BPE 119 FH AR 3t 11 EH
W SRR SR 40 (A S RS I8t , T BPE-ECLAS IR 2 . YR EAAAE TAL S W b it , IR He s
SEPEMEACIR R 20 M, 77 A NHFCO; B ivA i i S 3838 K. 561 BPE (LA A BIL I, {5 5 trh
L Ru(bpy) 2/ TPrA Ry & AR ECL Wi 05 B 2 38 K . IR IE S, ECLIG St ik . T
IREER, R T —Rh S A HCTE A AN TS PERE R ) BPE-ECL AL I 5

1 KIWEH

1.1 XK 58

JIKTE (Urease ) WA 11 22 si A= AL BHEE B A3 A FRA 7] 5 PREE (Urea) | £TERIERE (Ru(bpy)3™) . —1E
P (TPrA) | 4R (HAuCL) MR — H RLRE R (PDMS) W B BTy 1357043 PRl 5 NaCl, MgCl,
KCL, HTIRIMAR (AA) . WUEF(Cr) . #44H (Glu) FIBEIR L 2% nh s i (PBS) W B [ 254 A ik 243004 FR A
H) . P RRR I A Al , 525 KA R Atk (18. 2 MQ-em). AAFRIGFEA IR T2 8 515 R 2
PR SR

CHI 660F R Ak 27 T AR, ( FiE RIS AT 5 BPCL-1-T B & A (Jb st WA A 7 ) 5
FR224CN B 5 ( i B ST FRA ) 5 DZF-6050 78 FL25 T84 (RS 3 Sk A BR A R
ITO AR S) T F 3 38 (A IR 2 A BR A 7] ) 5 Direct-Q B 467K A (32 [# Millipore 23] ) 5 LC-DDB-
IM A4 X T A (R IR AR R FRZA R 5 SU 8600 7 1 70 HEA 3 & S A4l v 7 B Al
(HAHIZLAH).
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1.2 BPE#HI&E SR

W52 T A T AR 1TO U AR AU B T 10 /L BN . ZBERTERZ0K 43 BIAE A AL BE 10 min, FH 4K
KA. LAITO N TAEH ML, 422 Jg T Ha b, Ag/AgCl N2 FE b . X 1TO HL R 43 DX R4 v TIE AR
95K 4 (AuNPs) : B = B IR A 100 WL 19 HAuCl, 7K I (0. 5 mmol/L, 7% 0. 1 mol/L KCD) H, Fi| F i1
L1571 (Amperometric i-t Curve) Jifi ill-0. 9 V AYFNE HE 400 s. R F SEM F1EE AL 24 BHPTIE (EIS) #E173RAIE,
EIS M3 25 7 = DA % o A R Ag/AgCl AR Y PR FFHLAL , 7E & 1 mmol/L Fe (CN);/Fe (CN) ¢ i
0. 1 mmol/L KCIIAER AT .

H5 PDMS 5 3R 47 F1 [ 4k 7] 4 BEUTE £ EE 10 1IR A 395), BT 4 "COKAE P2 20 min Jo5 B ABLE N,
T60 “CRIft35 min. FHRGHFH) PDMS Géts 2 RLHE 1, [E40)5 5 1TO BUK - Mo , SeZhiliH 55
b5 A% et o 125 (R U ARG
1.3 BPE-ECL#&ill

e A [ 32 1 PR 2R /K, I A DRI 7E — 2 R B T W 7 — BB ) Je A 7 ECL I . ZEARTA]
T, DI e TR R RO T Bk 520 A R b, L Bt A 200 WL 28 584343
A [ v i RN W, A 5 A 200 L. 0.5 mmol/L Ru (bpy) 2* #1'5 mmol/L TPrA () PBS 2% i ¥ W
(100 mmol/L, pH=7). R FEI K % 1 (Cyclic voltammetry, CV) X} BPE #E47 494, F4# i R Ja B Ry
1.0~3.0 V, =438 0. 1 V/s. i BPCL i85 A Gl G pl i, H TR i &0 850 V. B4~

Fan A T 3 R
1.4 AR

X LR MR B2 (0. 447 mmol/L) I AR PRIGFEAS HEATIIAL B : SR B0 B AR S, B2 IR
P 10045 . AR ENSCINE : 43 50HA0. 01, 0. 11 1 mmol/L B IR EFrkt, IIANREE I T 2 IR K584
I3fE)G , RA 3R BPE-ECLAL IR GRS 45 FE i 1) ECLAF S, fe o AR A £ ME )y BRI A5 s [l iR K
XiF 7 ) RSD ..

2 FHRE5TR

2.1 fERAJFIE

JIr T B 3 T IR (Urease ) 1 AL R 75 15 W L 52 19 BPE-ECL AL JBF- 5 . 41 Scheme 1 778 . 435I 7E
9K 51y L W A BPE 114 BH AR i HEL 0B AuNPs, B PDMS A4 #2119 BPE ££ gt A5 5t AH EL A Sy, DAL S8R
TR S WA RO B . TESMINE R/ SR 3 T BPE W % & A WAL, 76 BPE BHAR 3 A9 45 53t o im A
Ru(bpy)3"/TPrA VE A AL K A5 5 U5 BAMR I 0 A% 8t HRoOm AR I . 6T BPE (09 far P A AL
I8t BPE BIIRR o b & AR SRR, RERS TS 3055 th %) BPE BHAR R 11 & 4= Ru(bpy )35 TPrA [ HL

CO(NH.), + 2H,0 — CO3™ + 2NH;
%; Urease Urea
(A) () q
High conductivity o -
NH4 C03
8 £+ 4. *
; J
w — O ® <-aﬂ + [Ru(bpy)s]**/TPrA
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Scheme 1 BPE-ECL biosensing principle for detection of urea
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fe2 ROy, AT A2 ECL R R . BREGRE WS Ry S e AL IR 2 i, 7 S B NH R COoY, F3
VW SR R AR AR i A Rt VL T R A A AT R BPE WA (4 HLUFR R, B2 BPE B R i
Ru(bpy)¥* /TPrA B FH R N, TS St i 1) ECLAG 5 IR, f& 8t 73 0 L 3 2 1 i

E U S B ECLARJE™ . 50 HARPI XS BRZL[ Scheme 1(A) JAHEL, A& BAK R P 77
FEDRZE I, IR AL 20 DR 25 A2 BT FE S 1 NH AL COY, B S5 T, 5 5t ECLIE 5 i
EH958 [ Scheme 1(B) J. B Rl vt o FR 28 VA WA FE 38 O, JOR - Ak PR 287 A B vk B e L 8 ™
Yy, W S, AR ECL R BB . ik, MY T I SRR ) BPE-ECLAE S IR K
I . ARG Ao i TG T A A et Hh AR A T S R TG PG 7 7], T ELAG B 500 B A =X R A Ak e Ak
AT
2.2 BPE BRI

FII FH PDMS B ELFA) 570 (55 Tth % J8sts 43 25 19 BPE S BE - An 18 1(A) T . R TR ITO H i If:
PERAL IR, 75 BPE FIIK Sl F AR 1) 4% 2R 1A HE TR AuNPs™22, [8] 1(B) A HLUTFR AuNPs i F2 119 it
MLk, 7EITO N NN-0. 9 VAR RS , HLRTEZ)-0. 0014 A B4 THa5E , R ITASE4 . KT SEM X H
DUEL AuNPs JiJ5 R ATESREA T T 3RAE . & 1(C) FrR, S#EITO AR b, AuNPs/ITO HLA 2R 11 73
A BB 5T 1) AuNPs. 254 EISTEHEET AuNPs (B Al 9 S LR BE . 4nl& 1(D) Bz, #R1TO HL 1)
Nyquist fH£E o S IUA K EAR R R, R IBHBTIAR, [Fe(CN), 17 AU 1) L FAL b dUR N
HL TR AuNPs Ji5 , BHER b 2R B AR/, ZPHTTAL T AuNPs A9 1TO HL R B T ik R ek, Ui S
AR
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Fig. 1 Physical images and dimensions of the BPE and PDMS mold (unit of all data is mm)(A), the

i—t curve of electrodeposited AuNPs(B), SEM(C) and EIS(D) comparison between the bare
ITO(a) and AuNPs/ITO(b) of BPE

23 FAMTHSH

B, R R RE T IREGHE AL 53 IR 2T 5 R A L AR B . &l 2(A) 7R, 25
VWK 10 me/mL I IRBE /KW, IS UL 322 0 62. 05 pS/em. SRR B AT mmol/LIWIREK , HIK
B SE MG, R SR IR 2 79. 25 pS/lem. AT L, IRAEHEAL IR 250 B B 72 3
R L 8T . 20 R ] BPE-ECLIGIE 1A% 2 A A7 . 11T Ru(bpy);/TPrA ) ECL Ui
HLEA S 1.1 VR, SR IHE BPE P74 B ECLAE S, P L He s 3. OV, DRI 40 oh 3
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BN 1.0~3.0 V. Qi 2(B) N, 7845 IV ECL 3R AU 5/ ECL i 1 (1 26 o) 5 4mA
1 mmol/L JRZEFFWFE I , 7ERIRF A H A7 DX [R1 45 21 B B 3850 1Y) ECL AR 5 (Hh£R b). X J& BN IR /i =2z
(AT L B T A AL B M L 3 AR K, BPE WA AR VR FA I i, 8 R e vl b A TGRS S
INTTRCRAT St h B ECLAG S . DA RSB0 2s SR B TR I8y Rl 154k

2000k ® Blank
—~ —— 1 mmol/L Urea
) 2 15001
3 E\ High conductivity
) g 1000 ® £ o
z z
3 = 00 _‘., “
2 Q5004 ‘50
(3 PP
[
1 1 1 1 |
Blank Urea 1.0 1.5 2.0 25 3.0

Potential/V

Fig. 2 Conductivity change(A) and ECL intensity(B) of the solution without(a) and with(b) urea

Blank: 10 mg/mL urease; urea: 1 mmol/L urea and 10 mg/mL urease.

24 ZWEEMEL

N T ARAAL - 5 (O BE , XEIREEVR B | A0k S 0L s 1) R0 s R BE R4 T T 989 . 10, R TR
it e X AL T PR RB I s2 . AN 3(A) R, Bl IREEVR B R38N, ECLAR S & Wi k. X &+
JOR e 32 e ey, AR IR R AR R L B B 2, VR SR B 2 T, DN A5 AT N2 () ECL AR 5
FERIH . MR BE 55 10 mg/mL B, ECLAF S5 FEAGE R AAE . R, 0 IR Vs ) e VAR h
10 mg/mL. UK, 2T AL SO0 I E] B 5200 . A&l 3(B) B, 7E 5~80 min AR IRISE Bl PN , Bl BiHf
AN RN IE K, ECLAS S AWHESE . 2435340 minJ5 , ECL{5 S AR RRaE . ik, #E IR
e FEAE AL SO B [E] R 40 min. fJ, BR5T T AL RN EE RO ME R . AnE 3(C) Bz, ECL a8 B B i i AR
RIS FIHE TRERES, I8 37 CRHBRIEME , ks 37 "CORMRBHE AL RO (1) e id i . Y
KT 37 CHY, KRN T8 sh 5N, RG> 5 KW 43 2 0] 0 BEATLRIEFRE AR5 AR, 5 o7 T
2%, BRI ROR R AE, VEM S EECL R A . MR S, I RES BRI IREE 8 (10 — % . =)k
¥, S T X IR R EALRE ), I AR ECL SR R R
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Fig. 3 Effects of concentration of urease(A), incubating time(B) and reaction temperature(C) on ECL intensity

Sensing cell: 5 mmol/L urea.

25 RO HTIERE

TEVCACSS O SE0 25 0F T, XPAS RV B PR VAW TAS I . G 4(A) TN (B) Bl , Bl 12 8t
PR Z VRO FE BTN, BPE (5 St i ECLAS S22 Wik . LA ECL & OGoR I AR, FR U Jhi Ak
PR AR K 4(B) 1, JRZ W E 5 ECL % FELE 10 nmol/L~Tmmol/L 75 FBl PN 52 B K IF £k PE C R
N 1=146. 12 1gc,,,+1868. 70(R*=0.99) , ¥ HBR 4 0. 19 nmol/L(S/N=3).
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i
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Fig. 4 ECL responses of different concentrations of urea(A) and linear relationship between ECL

intensity and logarithmic concentrations of urea(B)

$51% BPE-ECLAR Ok 5 BRI IR R L2647 TXEEE, 4R 1 P, Sk | 9otk
HALE, ASCT5 75 BA S8 A 2 B SRR HH R . AR T iAok, AR SO L f i g i, 2

i M RONRCR s T HLIC T AN TR VAR R R L RS 1A RSN 5 15 SR T R
Table1 Comparison of analytical performances of different urea assays
Method Sensing strategy Linear range LOD Ref.

Colorimetry Sensing platform for detecting urea based on the 0.02—0.4 mmol/L 0.005 mmol/L [25]
change of pH caused by the catalytic decomposition of
urea by urease

Fluorescence Fluorescent sensing platform based on the interactions 2—80 mmol/L 73 pmol/LL (4]
among the fluorophore APMP, urease, and urea

Electrochemistry Electrochemical sensor based on the influence of urea- 25 pmol/L—2.8 pwmol/L 12 pmol/L [5]
decomposition products on the surface charge of nano-
channels

Electrochemiluminescence ECL sensor based on electrode surface modification, 45 wmol/L.—19.5 mmol/L 15.0 pwmol/L [26]
leveraging the synergistic effect of ECL and molecular-
ly imprinted polymer

10 nmol/L—1mmol/L 0.19 nmol/L. This work

BPE-ECL

Sensing platform based on changes in solution conduc-

tivity

2.6 EFM. BEESERNEML

N T EBEZL R G RIPTTURE ST, B T AR Glu SEVEAE T | IR R SR SRR AR TE %A% K

V- E W ECLAS SN G . I S(A) AL, Z A8 B 005 A PRE WFE S =42 ECL IR, Xt ik
T oA B ECL M, FBZAL B S AER PR 2R B AT RAF it 8k . dF— 205 28 TR IR AR e
2000 - (A) 1600 L® RSD=1.28% 2000 - © 1 mmol/ﬁ
= = = 1 umol/L ‘

& = L S 1500

£ 1500 £ 1200 = 10 nmol/L ‘

=1 =1 =1

— — —

3 1000 - S 400 JLJ U G 500 “ ‘

N |
5 ok UUJJU L ok "“f“‘i“‘
Q)\q,&' Q\"‘GQ\&“%O%%Q\ & Q‘i’;\%&e‘ Time/s Time/s

Fig. 5 Selectivity (1 mmol/L urea and 1 mmol/L each interferent) (A), stability (10 pmol/L urea) (B),
and reproducibility(C) tests of BPE-ECL sensing platform
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PE, GES(B) IR, ZERINBH A 10 wmol/L IRETEWL , Zoad 8 RS LLATMG , ris ECLAR S5 HAHXT
Pl 22 (RSD) R 1. 28% , FBZAGIET- & AT RIFAIRE M . LIRS 5 TR IS B B, FEAa il
43 S0 A R 10 nmol/L, 1 wmol/L F1 1 mmol/L (4 BR Z VAW, 34T 3 IR EZ MM . 45 540
EIS(C) P, FWE T ECLMWRL{E 5 1) RSD 43514 6. 80%, 6. 38% F12. 83%, FMIZILET-HHA R
IR . X IH R T BPE ML 81554 B X Re A b M ke 1 & i) 5 A% SR VR 2 [m] A A T
P, ki e HE B A5 5
2.7 EBREERST

B ER ) BPE-ECLAE- 5 T AR RN, DATEAG X SEBRae fh b i ml Sk . S TR AIRIR I
Ha A Z8 A ) 35 SO AR SRR TR R 15 S T, a0 0 R A T B G IR T LA S AR A o T R T g
[ JE R 100 5, AT E— 2Dk S R i LT R B 1 T . Rk b R A A TR e
WAL, S5 R0 2 e, %45 807 1 59 % 98, 90%~102. 50% , RSD 21/NT 1. 54% , 2 W HE Y
BPE-ECL A& &Y £ BE 4 A v rf il 2 A A PR IBRE bi Hh R 2 MR E

Table 2 Recovery test of human urine sample using this method”

Background

Number Spiked/(mmol - L.™") Measured/(mmol + 1) Recovery(%) RSD(%)
concentration/(mmol * ™)
1 0.447 0.01 0.4573 102.50 0.61
2 0.447 0.1 0.5470 100.00 0.11
3 0.447 1 1.4362 98.90 1.54

* The results are the average values of 3 parallel tests.

3 &

P T —Fh I TV i P 0 BPE-ECLAZ - &, T IRZ MR . %K R T, IREERESF
PER G K IR 2, 330 BPE £4 86 Ho V3 VR0 7 Mk B2 T e i R i %, JE TS50 BPE 55
A ECL U . STk, 8 TR ZE W (10 nmol/L~1 mmol/L) 5 ECL{Z S M2 C &, #6 HH BR ik
0. 19 nmol/L. ¥ 1%L -6 T AR PR W b PR 2 B [ ioRs il , 26 B R 3 (0 s 1k AL T i
71. X325 F BPE-ECLAZ ML L3 . — IR TTIMASNEHR TGS R A, —RAR A5 5o i nT
FRE A 2 A IR AR S R RN T . il B AL S IR BT, 2R nT i — 24 e & A A
Wy ARSI, A A P A T B A T o I FH i 5

Z % x Wt
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