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Construction of an electrochemical sensor based onaptamer-mediated magnetic separation
and its application in thedetection of Staphylococcus aureus
LIU Wei-xuan, YAN Wen, JIA Li-cong, NIU Ling-mei”
(Department of Sanitary Inspection, School of Public Health, Hebei Medical University ,
Shijiazhuang 050017, China)

[Abstract] Objective To design and construct a label-free electrochemical aptasensor for
highly sensitive identification and detection of Staphylococcus (S.) aureus. Methods Based on
the aptamer-mediated target recognition mechanism, a label-free biosensing platform was
constructed by combining magnetic nanoparticles (MNPs) and electrochemical signal detection
technology. Using Fe; O, magnetic nanoparticles as capture probes, the specific binding between
the aptamer and S. aureus triggered the release of single-stranded DNA (ssDNA). The released
ssDNA then hybridized with consecutive adenine DNA (CA DNA) immobilized on the electrode
surface to form a double-stranded structure, which incorporated methylene blue (MB) molecules

to generate a detectable electrochemical signal. Results Within the concentration range of 10 to
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10" CFU/mL, the measured current response exhibited an excellent linear relationship with the

concentration of S. aureus, with a detection limit as low as 2. 07 CFU/mL. The sensor

demonstrated outstanding specificity and could accurately identify S. awureus even in mixed

bacterial samples. The spiked recovery rates in milk samples ranged from 94.59% to 101.13%,

with relative standard deviations <C3.46%, indicating good stability and practical application

potential. Conclusion

The constructed label-free electrochemical biosensor combines the high

specificity of aptamers, the efficient separation capability of MNPs, and the label-free signal

output advantage of MB, achieving highly sensitive and selective detection of S. aureus. This

method is simple to operate, provides rapid responses, and is applicable for detecting pathogenic

bacteria in complex samples, demonstrating broad application potential and promotional value.
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Assembly scheme: fabrication process and sensing principle of aptasensor for Staphylococcus aureus
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Figure 2 The characteristics of the modified electrode

ERE + + 4+ +
EEEMARRRE  + + + + +

S NS LR R g ok b
SRR n +

ERAE
AN AL LIRS
PERLE IR Jot SR A R

3 PAGE ##f

VKB 1. Marker; 3K 18 2.38 FC 4K ; 3k 8 3.ssDNA; KGE 4,58 BO AR FT ssDNA; 3KGE 5,58 B . ssDNA F14x 85 (7 75 2% 3R 2 5 Wl 6.CA
DNA; VKIS 7.CA DNA Hl ssDNA; JkiH 8.3 /K . ssDNA,CA DNA Fl 4 ¥ (% 3 %5 Bk 7 5 3@ B K . ssDNA Fl CA DNA ¥ iy
1.0 pmol/L, 4 ¥ €3 A Bk i VK 2.0 CFU/mL

Figure 3 PAGE analysis

24 SEBFMFNMA BT EBEARIC AR R A RAES PR A N 2 A R IR R AT T



« 1216 -

WL BB K

46 % 10

ARGk, XA GO =GO YT
TR AL AN TC AR 1] L GNPs B9 T A 18] L MB #) ki
AL A, LS CA DNA Y& 3 Fn 4 25 st ], 3l
TR R R A X e SR R T AR AT RS A U
PSP RS B R O T B A R B, B AA TR,
GO WREEALE 2.0~6.0 pL Z [A], HL I WA WV 2 37 36 K
AB I AC FEANMGAR T GO Ut L A7 5 PR
B[R] S g 5 R B 52 . BEE GO TURRHL A 1Y 32
FEAC. iR 2R L AMBERE IFE—1.2V
AR R R ., XFT GO B0 1] (0 82 e, 4 &
4C FiR UUBLET ] DN 180~600 s, FL Jig 1 2 48 it , I
TE 600 s B LB 5 KME . GNPs B LR [a] (4 52 0
WE 4D FioR. K& GNPs UURU 8] 9 3% i, o 3
e o7 2 B LR L 2 R A, JF HLAE S 30 s B35 B A
KIH, AE 2 50 Bk bR % 1 (differential pulse

voltammetry, DPV) 5 H if 7, 24 MB ¥ &£ 3 Jin 3|
1.0X 107" mol/L B, oL 3 3k B 5 K ff, I B % MB
WRER i — LW IR FR AR g . B AF B8 T AN A
MB 41 2% i ] 9 52 e, 45 SR e W, il 75 21 % i ] B
1 min 3N E] 5 min, DPV Il & 7= A= (1) #3738 58,
CA DNA ¥ B 2l $5 it [a] iy 52 mm an (51 4G Fn 4 H Jr
7~ HLU B #F CA DNA YK BE B9 FH & i 34 K. 76
7.0 pmol/L AbK B E(H B/ T RE. BE CA DNA
ZHBEAFEI A 10 min 3 AN E] 60 min, H I 2 715 08
AR F] 60 min B, HL 3L A N I8 B IE(E . A5
AR RS 4N 6.0 pL GO, — 1.2 V, BT
GO 600 s, GNPs UL fH 30 s, MB 5 CA DNA-
ssDNA XU 4k 45 4 W [ 5 min, CA DNA ¥ J&
7.0 pmol/L AL ZER}[H] 60 min,

90 100 i F
1 S ——
E \ I 90f . 80
52 80 = 2
ge:s 2 gof 3 60 +
b
- F ol
70
A A A A i e i A 20» A A A A A A
3 1 6 8 10 600 0.4 0.8 1.2 1.6 2.0 0 150 300 450 600 750 900
FERIEME (Ul @ HLTRRHAL (A A () @
100 100 100
95 *\{/i 80 + ~——y
é 90 EL 90 % 60
2 2
2 g i, B = 40l
—t
80 80} 20f
16 214 32 40 48 -8 6 ) -2 0 0 2 1 6 8 10
i 1E (s) @ R X @ 18] (min) ®
100 100 /\\
S =
S 80} 380}
70} 70t
2 4 6 8 10 0 15 30 45 60 175 90
W (pA/LD @ 1A (mind @

4 ZEWHRMGHMUL

A.GO BINE;B.GO UL EAL ; C.GO M PTAET] ; D.GNPs B UL LT ] ; E.MB ¥k B ; F.MB 41 3 i} 6] ; G.CA DNA ¥ J&F; H.

CA DNA 4 # 5[]

Figure 4 Optimization of several experimental conditions
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Figure S Investigation of the response and specificity of modified electrodes toward different concentrations of Staphylococcus

aureus
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Table 1 Comparison of the developed biosensor ZEYERASLE R B EA T E S Ak
with different methods ) 4 0 8 28 BR B R D G T 1) Y 4 v 6 A BR
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A5 B i ) WA (CFU/mL) fndr i (CFU/mL) i i (CFU/mL) IR %) RSD(n=3) (%)
25— 19.6 100.0 101.13 101.13 3.465
25— 19.6 1 000.0 982.46 98.25 2.282
= 19.6 10 000.0 9 458.80 94.59 2.286
R3 FHESRETENRNER BB 2 5 A i b 2 G ) EE B EAE T R 8 il
Table 3 The test results of the standard method Jj Eﬁ?‘ﬁ‘@ ﬁé Fﬁlj %l% E;‘:ﬁﬁ,ﬂ;ﬁﬁ F':EE E"J it ;(j-( EE ?{%‘
and this method . ) 5 S BUGAE T B O BRI H o HER
(n=3,x £s5s,CFU/mL) . N N iy ) 4 N
T AT IR YK G0, T I I S PR SHOWE Z5 A8 (K BRI L
l] mﬂ 2 N Mz
415 0 T VR S 90 K A5 2 00 53 0 AT 4 P U6 2 0
R 116.70415.30 10 266.70+305.50 G AR Y . 4 B €0 3 2 BR T IS AR X B AR B R
RS 101.13 £3.50 9 458.804-215.90 Ry, Y4 HEOEEHREMAKRE. &
3 i i e % 3 3 3 FR L SV VE S o T IAE R . S5 A

TR THT B9 5 R bR 7 R HESS 2, 5] A T A4 B89 4
3.1 Fe; O, MNPs W3RAE SR TR BBAIES  RMWMSHUC T 5780 B A 7 1 = 4451 . X AP g



- 1218 - I B Bk 4

#4685 10

GARAR A 3 T (A A& 1 1) Fe, O, MNPs 3 I 35 (¥
FUEHT O B 2R T 45 G n B, AT 3
B8 iR XoF 45 B 6, 2 K TR 00 418 3K B8 0, T DLV I 3
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BT DORBEHXT HARY I R4 R . X LR A
ACUE S 7 3 0 A — M B A 2% 478 0 46 0 €00 70 4 R AT 1Y)
AIATYE AN 5 250 0 B8 E T LAl .

3.2 Thric A E WA RS T AT e e
R IR A N S A e U e 1 3 O A Al 56
PR 0B 5 72 4 H 0 (centers for disease control
and prevention, CDC) Gt 114t 1t 7 , 4 0 €8 7 4 Bk
TR A2 5% K AT TR A i i DL ) SRR e PR AR 2 — .
TRk A2 TR A HE Y2 CFL M R B 2 SR R R
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e R R 2 U . ESETE L AR SE I A 4
BKEGI KM EYhER S HEEE YRR 33%,
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SRR N TR R R AT,
Hh G FCARTT LZE S 2 0 pH(E AR &R &
FEAE L O Bl 5 5800 A 6 1 A 2 A A6 I v Y i
RPUNGE S7 . o T A A e 4 st o, |
2 35 TC AR A% SRS DR G oy T 3 O 5 5 f o L Rl
Wi o7 1T g R B AR AT I A . R 2 B ¢
R R 25 A ) A SR R ot S L T M T AR g,
W s s T PR R A5 T R A 8 1 A AR
FTE . HLAL AT T RRIC R S PR AR I [R] A AR
i RIS N T AR A IR 0 T a2 RO
W, A S — Tl R Y T AR A0 A 2 AR AR R L DA ST
IR AR TR AT A ) R A G D)) R I D)
e,

Kb R R F A 1~100 nm AN 45 Y 409 K
R i T R e 3 57 o 2 9, PR T R 3
W i 94 2 T — BT RN L RSE RO DA R R AR
AR IR PERE . 5 AN 6] 19 90 K BORHAR HE  MINPs
S W EIRTE UE ) R T I EIN NG =B @ A A
TEVEA R 00 A AR AR PR AR, XLk i
FRFPE (7 MNPs 76 1% B g8 4 2 b il — A58 K
A AR AT B AT RE . T GO AE SR8 24 1 — e 9k
B G ) BRA 2 R SR I R B9S2 AR S5 4, 1T 4F
R AEMBLRE 2 U A 32 . RO IE 3
ST GO 5B Hy 52 0 i A8 I B 5T IR A A 4
Fay [ ) 3 1T B it G He B B o S RE AT L R0 90 R ik
(—COOH) FiH: (—CO) EE(— OH) P 4R, jx it
HRERIT 1 F4 R 2 00 58 K M 5 Ak 2 SO i

A 55 G 9K UKL A5 Z2 B F AR A8 U B ORHAE 25 G AT
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PrRIE T A B T hnpe H bR ) 5 7 H il 5L T Y 41k
M 5N Bl 2 0 R L BT G 2 R R T B i A
MR, IE AN, GO 78 M Ak 24 4 45 2 1
e ODITR S RINI % W T Tu s e Ra e 7 K e R
it b ac B DR L B BT 0 A S R A R R T Y
HURE ML A . AT GO 590K 4 &1 T ik
FIE A AE ) AL S BC AR (Bio-apt) | 5 i BC 44 &6
Iy HAMY ssDNA FI CA DNA 4 8 %f 45 #6755 45 Bk
AR S5 ) L ) AE AR RS . O T IR IR A AR R
AT AT M, 58 A — ] UL 43 6 6 BE T E X Fe, O,
MNPs [r] 8 5 5 f1 2 36 FCAAR AT ssDNA 454 10 )5 19
OB AL AT T R AE, 5 Fe, O, MNPs fi
H3hE.BEREEMEN LERA UV W 3 %
1K, R W BE B 25 fZE B T b 25 & 31 MINPs %16, [A]
¥, 5 MNPs 18 3 h J5 i iR 3SR UV gk
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Tio IFidsk T A W% B AR & 1 i 72 1) DPV i 4k
4 4 (00 4 BR TR A A B b T R BREVE L 7
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WE RO T AN G B A s DN HE— 25 HE 0 T 0 {E
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EN GO MERAETIRE AL, GO By TR A E] 0] 2 i
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SEICAHAT . AR B Y GNPs 3 5 R B
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