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SR ILGES ALK 0. 969 pA; EEPETIRIT RSD 2 4. 6% MR IRam BT pH 7. 4 (1) PBS 1 4 C & T ik E 28 d
Je S WAL LR/ IN R ST 1) 93. 7% , 36 W %A% IR ELA B R M 5 5 B EAR IO R R AR BE , SR AR T A 2R 7 A
RIS RS TR . £5i8: SRAZET MeCP2 FUBLEG {5 5 R HL Ak 2% S (5 B EE s 1 RS, R SC IR it
DNA FHELAR sl

[ SR ] DNA Lk, Hufbad; AEUERER WL CpG 454 M 25 WUHELL s e/
[PESES] Rad6.9 [ THEEERIRAE] A [XEZHS] 1000-2707(2019)09-1005-06

DOI .. 10. 19367/j. cnki. 1000-2707. 2019. 09. 003

Electrochemical Immunoassay for DNA Methylation Analysis Based
on MeCP2 and Bienzymatic Signal Amplification

SU Shasha' , ZHANG Shu®, HUANG Jian>, CHEN Xi', LI Yan’, FANG Lichao’,
DENG Jun®, MO Fei*, ZHENG Junsong’
(1. School of Clinical Laboratory Science, Guizhou Medical University, Guiyang 550004, Guizhow, China; 2. Department
of Clinical Laboratory, the Affiliated Hospital of Guizhou Medical University, Guiyang 550004, Guizhou, China;
3. College of Laboratory Science, Army Medical University, Chongqing 400038, China)

[ Abstract ] Objective: To investigate the effect of bi-enzymatic signal amplification approach on the
quantitative detection of DNA methylation of methylated CpG binding protein 2 ( MeCP2) using elec-
trochemical biosensor. Methods: The probe immobilized on the electrode which was covered with
nano-gold ( AuNPs) was hybridized with the target DNA, and then the electrode was incubated with
the solution containing MeCP2 protein at 37 °C, followed by His tag antibody conjugated with glucose
oxidase and horseradish peroxidase ( GOD-HRP) to form MeCP2-His tag"””"™™. The electrochemical
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signal was measured in a buffer containing glucose and hydroquinone. Based on electrochemical
signal, the correlation between electrical signal size and DNA methylation concentration was estab-
lished, and the detection limit of the electrochemical biosensor and the amplification effect of the GOD-
HRP strategy were determined. Results: In the range of 1.0 x 10" mol/L to 1.0 x 10" mol/L of
DNA methylation concentration, the electrical signal size was linear with the logarithm of DNA methyl-
ation concentration. The regression equation was I =1.038 lg C +16.598, (I represents peak current
value (WA ), C represents the concentration of DNA methylation (mol/L), and correlation coefficient
ris 0.993. The detection limit is 0.1 fmol/L. GOD-HRP led to the highest DPV peak current, reac-
hing 9. 105 wA, while HRP alone made DPV peak current around 1.99 pwA, and GOD alone around
0.969 wA. Using simultaneously prepared five electrochemical biosensors to detect 0.1 wmol/L DNA
methylation, RSD was 4.6% . When these five electrochemical immunosensors sensor were placed in
PBS of pH 7.4, the response current was very stable, and the current was 93.7% of the initial current
after 28 days, suggesting that the prepared electrochemical biosensors had good repeatability and
stability. Conclusion: The bi-enzymatic labeling system produces a stronger electrochemical signal
than the single enzyme labeling system, and improves the sensitivity of the electrochemical biosensor in
detecting DNA methylation.

[ Key words ] DNA methylation; electrochemistry; biosensing technology; methylated CpG binding

protein 2 ; bi-enzyme catalysis; immunoassay
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ALY (horseradish peroxidase, HRP) XU i fric
HUEAREN (SN EREY ON IS LRUE/ S L A (s
TS HOR, [ s A F AR R T M Y 4 K A 8
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L1 F8AER 51

CHI660D HEfb2 T AR B i RAEAL A2
A AR = IR AR A B AR O A 22 i i, 2
HLi R Ag/AgCl HIbl , TAEHLI i tl ( AR N
2 mm ), crossheam 340 zeiss 39 i 5 T T 55
(Scanning electron microscope, SEM ) iy 5 2 [F] 4% ]
), A AR (HAuCK ) A= 1035 F1 82 1 ( Bovine ser-
um albumin, BSA) & A E 2 MeCP2 W4 H T &
PHEA RS W), GOD HRP FI4T 6 x His FLHLywfEHT
K (Anti-His tag antibody) W B - i3 4£ %) TR A7 BR
N, K [ Fe(CN), ] .K,Fe(CN), « 3H,0 NaCl flI
MgCl, W B [ 255 AL R FRA W, = Y Ak
AP L — U LR (Tris-EDTA, TE) 28 Wifg |
KC1 . #%1%2 £k (phosphate buffer saline, PBS) 2% iy
FNHA = (2R FE 258 ) BEER FR £ [ Tris (2-carboxyeth-
yl) phosphine hydrochloride, TCEP ] I4 H Jt 5% % [H
BB AE Y HOARA IRTTAT A w) , FoAt B PR 124 53
Mréafi, 5256 7K 4 2K (HLBH =S 18. 2 MQem)
1.2 DNA 55

WE 41 5'-HS-(CH2 ) 6-GCG CGC TGG GTG



9 3] SEISIBAF T MeCP2 £ FRUSUIHE 5 UK ) DNA H AL RG24 S e 0 Hr

GGCm CCC GCG GCG CT-3', H S 4k JF 51 5'-AC
GCC GCG GGG CmCC ACC CAG CGC GC-3',EH
FALFEH] 5-AGC GCC GCG GCG CCC ACC CAG
CGC GC-3',

1.3 ik

L3.1 Zropwrymed  Z2miicf 3 Fl — 23R E
[ 52 22 Wik (50 mmol/L NaCl, 1.0 mmol/L TCEP
FpH 7.4 19 1 x TE 2 phig ) , B MERH F) B NaCl
0.029 g . TCEP 0.002 8 g, Hifitz 1 x TE 5 i fift
JEEZA R 10 mL i ; 2423828 MR (50 mmol/L,
NaCl 10 mmol/L MgCl, I pH 7.4 [ 1 x TE 2&
W), MERRFREL NaCl 0. 029 g MgCl, 0. 020 3 g, Fii&
i 1 < TE S vl i JF 2 28 2 10 mL Jif G =2
B T 2 i, B REECS mL H, BIA R SRS
JIA 1 x PBS EZE % 100 mL Jiff

1.3.2 WEghRichiR M H 4  HRP Fl GOD #rid
oIS WA B B 58 1, 55— B BOR AR 95 SCHk [ 16 ]
Fric GOD, Bl 1 o/ L HLIRZE T I AFEF GOD 2 mg
(19 1.25% 1% BV WP, A 1 mol/L. pH 9.5
PBS A7, 4822 i A 200 mmol/L #i Z FR R ~)
J5,4 CH#rE 1 h, B35 RIS, Ty B GOD/
anti-His tag; 55 — [ B2 AR 35 SCHR [ 17 ] 4 HRP
B3| GOD/anti-His tag I, 55 F 60 mmol/L ) 1 fift
FRENAN 160 mmol/L () 2 R 50K HRP 751k,
Y185 GOD FRic )5 WP His tag PUiRHE 1 1L Bl
TG o RUIMAREE R 5 o/ L I S AL Ah 7 W
FAE AR R AR PR VA T, PR B0 3 VW,
FF 10 mmol/L PBS £, iR & 7£ 0. 15 mol/L
PBS gt , BB 45 A E R ic A S AR
R A, Fric 7= ¥1ic S GOD-HRP/anti-His tag, BU
& T AT WAy SIS R A R e
T 20 CHROLHRAT o
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B TR BE A 1Y) Piranha 35 W (98% i FR ¥ WK 5
30% i A AL S A% 3 IR IR ) G 4615 min,
SE GG A A s B HL AR, B 0.5 mol/ L R iR if
T iE vt , B2 A B A I AE SRR 2
2k, W 5 FH R 40 KR R AR 2 1T 18 IS IRV T s A
3 mmol/ L G RV W (% 0. 1 mol/L B RSN ) T
-0.2 VA FUIR 120 s, FRR 78 0kpE AR, I
FHEARWRT, il 5515 40 0K 43 ( AuNPs ) 18405 ) HL AR

Fric oy AuNPs/Au, SR )5 R H] SEM Xf HLTTTARZN K 42
(R TETEA AT RAE , MER DAL TN K o3 A I
UL, PR AR SR AR RN (2) REFREE 5
AL AE PR AuNPs/Au LA BTN 10 pL
PREF [ 2 22 vh (5 0.1 umol/L 5 J 4k 5 £1
DNA) ,4 “CHfE 12 h, 153 24RE DNA B4 1 da il
AeACZ TS PBS IR 4l 7K 78 43 bk e T4 LABR 2
Z AR DNA 85T RN 10 WL A58 2 il (&5
0.1 wmol/L ! DNA) ,F 37 CZ432 1 h, B AR
J5FHXCH] PBS FER 46K e T4+, (3) DNA 4k
S WA A A R R A H A2 RAE - R 2
20 FE B AE & 0.1 mol/L KCl 193 mmol/L [ Fe
(CN) 17777 ¥ 0 R FH H Ak 27 BILE 25 ( Electro-
chemical impedance spectroscopy, EIS) F#, EIS £
BB NPIE A 0.24 VB %5 HE 0.1 ~ 105 Hz,
FAHHE S0 mV/s, (4) MeCP2 45 [ [ & 5 i i
B 2258 5E iU , AR A 0. 5% BSA £J4] 30 min,
BE N 10 L 200 mg/L MeCP2 & F 37 CI/KH
Fi#E 1 h, PBS Uk 3 K, % /i 10 mg/L GOD-
HRP/anti-His tag #& 10 wL | F 37 °C 5 i 6 % [
L, dcJe PBS Wik 3 R T (5) k{5 = il
E K AR A 0.5 mmol/L 4 4 H 10 mL Al
0. 25 mmol/L %7K — i PBS ¥ , R FH 22 0 ik
iR 22 ¥ ( Differential pulse voltammetry, DPV) i
FrEH I SR L 3 K /N, DPV RS 2 5500 B
HiJEYEH 0.1 ~0.6 V, ki B2 0. 05 s, ik 98
JE0.05 s, kP R 0.2 s, B EIE] 2 s,
L.3.4 wlAptstr 48R 133 WU By il 45
DNA HiAb25 A ) % a8 % 0.1 umol/ L H 4k
DNA 5 AL DNA JEATI07E | i 2o Ho A% B Ao e
HL I R/, 8 32 H A 2 A T 7 ik 1 T AT R R AT
Uivglae
1.3.5 DNA HIEfbE &8 K 0.1 pmol/L H
B4k DNA 4 10 £5 R BRRAFE] 1.0 x 107511, 0
x107* 1.0 x107"" 1.0 x10"" 1.0 x 10" 1.0 x
107" 1.0x10™™ 1.0x10 ™" &% 1.0 x 10 "' mol/L
PRI FE 3 3 0, ¥ IR 1. 3.3 TR i J7 157 45 DNA
AL A A I T A2 0 T A AL T 1Y
SRARAS I B, 3630 T A LA 5 X B AR IR AR PG
FRMZ R BRI S R
1.3.6 UGS HOORIE AL RIE SRR
3 IR AR, 500 GOD Al HRP XUEEHRIC IR &
( GOD-HRP/anti-His tag) . 8.7 HRP #5ic /& &
( HRP/anti-His tag) M Bl GOD #ric ik & ( GOD/
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anti-His tag ) , 7EAH [F] (% 2574, # Bt il % 1) DNA
AL A ) A% SR AR S 5 AT 2 28\ MeCP2 4
BT, TS 3 AN A R B bR C TR RN B A A
% B DPV MR 1 KN, 25 58 52 55 i i 1) XU
{5 S R W (A R AR

1.3.7 (LSS EEME SRUErENR TEMF &M
L RIS S S AR S AL 8, XF 0. 1 wmol/L
F AL DNA [FIEFEA TGN, LRSS SR 2Z [l 22 55
1138 AH X B W 22 ( relative standard deviation,
RSD) , PFHriZ H AL 27 D7 AR DU Y B4k DNA ()8 5
P 5 38 8 A5 47 B AR R A 0. 1 mol/L pH 7. 4
(1) PBS W, T4 CyKFECE 47 Rl 11Kk,
PEAR AL 2 R YL R AR B T o

2 #R

2.1 WESHB M PUARAL

HE IR BEAT 52 AN T 48 %E , HRP 19 fe K I
WK 43 51 24 403 nm, GOD 1) fi K W Ok 3
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= 04 A
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UV-visible spectroscopy of HRP, GOD and
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Fig. 1

2.2 AuNPs/Au JESFEAE

K SEM AR 40K 4 181 1) 4 FiL A AuNPs/
Au JES, AuNPs R ERTE | ¥55) o A 7 Ha AR 2 1
HEBK/NAH 35 nm, WK 2,
2.3 fLIRERFG I AL 2E R AE

FH AL 2= BEATTE B I A S ] A A R v i
PRAF R, R AR %) H BELE 1 PT AR 21 — MR
NI (B 2 A R AR 2 T P BELAR /DN 5 448 i b 44 oK
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35 nm

B2 gkaBimae sk SEM

Fig.2 SEM image of electrode covered with AuNPs
B LTS — A HE, L BHIBU N s IR BT 2 2 A
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(CN) P77 R R A, W B A A, 2
IR 2 I RS DNA 5 B AN 51 24 52 i DNA
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Fig.3 Characterization of EIS of the self-assembling
electrochemical biosensor
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9.1 pA, Z2IEH AEAL DNA HL{F5 19 3.5 ff. W
K4,
2.5 DNA HUEEALsE &I
TEARAL 1) S 50 26 1F T, BEE HY Sk AL 3L 1 47
DNA ¥ JE£ (¥ 385 i1, DPV W H 3 32 ¥ 18 Jon s 46 107
~10 "7 mol/L JE[EI P, DPV e 35 (1 K/ 1N 5 AL
FHE DNA e BEXT R LR SC R, R Il A 07 2
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Fig.4 DPV signals in response to 0.1 pmol/L
unmethylated DNA and methylated DNA
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IO AR, wA) =1.038 lg C(DNA HIEEfL 1Y ik
JE ,mol/L) +16.598 , #1& Z& % r 7 0. 993, fax il BR
0.1 fmol/L, WK 5,
2.6 UHE SR ERAE

R ICH R DV ML 9. 105 pA,
FU HRP FRiC R R 1 DPV LR 20 1.99 pA, B
T GOD FRic iR R HUE SRS , U 0.969 pA,
I 6,
2.7 WAL AR R I A SR

i [R]AE 5 S LAk A g AR A TR AR ]
FAFTXE 0.1 wmol /L kB2 A48 H 34k DNA 47
HLAL 27K, RSD 2y 4. 6% 5 ¥ fL et & T pH 7.4
() PBS Hr, w1 F IR H AR E 28 d e HE L I R
R AWIHL Y 93. 7% , $ER il 15 i A% s A
B4 i H AR MR AR E

WAL AT A
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DNAH AL B2 X %5 lg C(mol/L)
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Fig.5 The DPV curves at different concentrations of methylated DNA and the correlation of

peak current and DNA methylation concentration
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Fig.6 The effect of different enzyme-labeled

antibodies on DPV response currents
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OB B AR, 10 R T 28 B s — 2 oK 8 FHR
Pzt Au-S B AR IR BT A 2 [ e 7E
Wi =R TR I, Ak 4
AT BA EE A . A B EE Bk
FL TR A8 A Ak & BRI ¥ S M A e F Al R
1], Z AR Y L SR IRTRR Y K EIS RAEGOK 418
i PRI L BB R 4 FE AR DB ) , AT I i v A )
RYEE, BAFESHORNEN . A% B i ok #2 1
EIS RAEUE 5 W53 35 i D 2 e Ae il |, 15
P . K, ARSI MeCP2 i S PR 45 &
XUE DNA H AR A7 SSCRE TT , A S0P AR I 45 SR 1)
AEEE 3 — 2510 W R 1 AT A TS BT 1S DA
WESE, 5 =, FEAWRIRITRY 3 Fibmicik &, R A
GOD F1 HRP Hk & 45 ic 09 XU R & Lb B b bR id
HRP (R R 352 4.6 5, 385 1) Ab2f e (%
AR SR R R 1T AR 0, 5 Z AR Y
& WU A AL 1F 5 BOR B AL AE T GOD i
HRP RYECAEALIE T, B GOD {4k 4 25 M SR AL 7
FAR R TH J5 AL 77 A4 H, 0, J5 35 23 50 B g HRP F|
FHHEREA By 48 A A BOR TR, TR F 55 7%
I AR RME M ) AuNPs A7 35002 i T 156755,
AT SR {55 TOA , 38 2 1% Ty s e 3R H 0
£k, DNA ¥ FEMRZE 0. 1 fmol/L (KM PR , 280 B Hy
10" ~1077 mol/L, FE PS5 RSD K 4. 6% , H LA
FERFFEAS IR 2 BRI E R . BES
Dk a3k m AR AR S R SR AL
BUE R IKIES, XLk R Z AR R
I B B AT A S R A A BT 3, AR S g ik
T H 27 G 5 A% Rt o — A X f7 B PRl R
RO ARSI 5 2%, B FH TG R 4T o

25 LTl ABEIE R FDWU R 1045 5 iR R
il 25 14 H A B e A Ik B A R v Y R R, RS
PR T DNA AL A R I, A 22 A oy ek g R0 L A,
F LA DG B2 WA o T
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