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Construction of magnetic-assisted aptamer sensor based
on screen-printed electrode for electrochemical
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Abstract The HINI influenza virus, as a highly contagious pathogen, can exacerbate the risk of spread
through water environment media, posing a severe threat to public health security. In wastewater testing,
traditional detection methods for HIN1 face challenges such as insufficient sensitivity due to complex ma-

trices, cumbersome and time-consuming procedures. and difficulty in achieving rapid on-site screening.
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Electrochemical aptamer sensors, with their high sensitivity, fast response, and excellent interference re-
sistance, are particularly suitable for detecting samples from complex environments. This study aims to
develop a miniaturized sensor for on-site, real-time detection of HINI influenza virus in wastewater. Two
aptamers were modified onto Fe; O,-NH, (@ Au magnetic nanoparticles and Au(@Pt nanoenzymes surfaces.,
respectively, to capture the HINI-HA protein and form a composite structure of capture component-tar-
get-identification component. This structure was then fixed onto a screen-printed electrode via an external
magnetic field, catalyzing the H,O,/hydroquinone reaction to detect the HINI-HA protein. In actual
wastewater samples, the sensor demonstrated good recovery rates for the HIN1-HA protein, and the sen-
sor based on screen-printed electrodes is more convenient for on-site real-time detection,

Keywords electrochemical aptamer sensor; functionalized Fe; O, ; magnetic-assisted method; screen-prin-
ted electrode; HINI-HA protein
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Fig. 1 The design scheme of the magnetically assisted aptamer sensor for detecting the HIN1-HA protein
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FHRERAE B AR A < B 20 PR B ST i 7 008 (TEM, 25 B 28 2 ) L X BT ATHHY (XRD. 7 22 A 4%
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BT R B O R E R U LM (PTFE) A A I B 28 . T 200 “C RN 8 h, fF Fe, O, P2 EI &
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VIRAFE 4 CR#BEHE 16 h, AR5 FIBEIRER 22 il (PBS) T8 =W 3 1mL %A BSAUR &4
BOH 120 B PBS S0 E 30 min BHWIE ML 4. 5% MNPs/aptamer 1/BSA Z5 %5 10 ul
HINI-HA &A= EIFE 20 min, PBS A& H.
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HE A, 8000 r/min B0 5 min 3B ULIE . PBS &3] Au@Pt-aptamer 2 555 %),
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B KB A I g W B A2 E 22 R EVR ELAR A TR R L3RI 200 pl H, O, /HQ Hff i 7 55 F
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K;[Fe(CN)4 JF1 0. 1 mol/L KCI 1) PBS & 5 Wi i i e Ha AR 2% 100 ot Pl i v o6 4 7 o T AR il . 2 L il
R R . R FEEMR 261, 76 —0. 2~0. 6 V DL 100 mV/s B3R AT 5 B, L S0 22 W E
i) PR AR i L R s AL

R 2 L 100 pg/mL i HINT-HA B A/E SRR ) pH (E R 7. 2 () PBS 22 A b1 74 B, A
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kHz F450 %50 BBl R INAR IR /N T 10 mV P95 A B HEAT . 22 43 ko £ 2 2% ) 41 (v R AL 0~ 0. 6
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B AR 2 5 mmol /L AR FUL AR ([Fe(CND4 1°*7 ) A1 0. 1 mol/L A E LA (KCD & f#AE 0. 1 mol/L
PBS il (pH="7. 2) "l £ 1 5 » - ELAE B — MM 25 B8 2 5 #0 BE T L AR 147 LAk 254G D LA 36 48 A
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BV, Wi ARSI HINT-HA 8 RS B DPV {5522 52 R PEAS i il 45 10 i 4 B 3 15 14 12 SRt 110 A
ROR . 5l AT AR RV EE Y HA 82 A I A A5 528 10 2 40 G ith e 10 4k HA 8 H I i
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{EATYREAERE 2 B 53 B R BE » T A B RG BRAE o WG T v P S I e 0 5

IR AIRGE IR F 0 B A EREE R T Fe, O, W Fey; O,-NH, 1 Fe, O,-NH, @ Au & IFK (pH = 7. 0)
1) Zeta HLf7, WA 2 (@) PF7R, #5810 Fe, O, GIKBURLH Zeta HLAIE N — 5. 61 mV, 1fif A #E e A X 51
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Fig.2 TEM images, XRD spectra, hysteresis loop diagrams and Zeta potentials of samples; Catalytic

reaction performance of Au@ Pt nanoenzyme with HQ
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&l 3 7R T RS Bl PO ARG B 0 i A i B B S RS A A B B A T TAF9Y . RS 5 mmol/L 4k
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Fig.3 CV and EIS characterization of each modification step of the magnetic-assisted adapter sensor

B4 BEAY TR HA 2 RS R IS RO (5 R DPV Il 60
RELERIEIL, DPV R A HA 2 (USRI AL sof
X EHT HA EAFLER, Au@Pt-aptamer 2 1] 15 HA & 2ol
1454 BRI IR R D Au@Pt 4K AT LU H,0,/HQ <
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3.3 ik N . . . .
o 1 O 42 10 5 5 A R L A
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Fig. 5 Optimization of electrochemical experimental conditions
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3.4 A I A U L i 2% IR RS D0 P fi
TEDEAI B4 Foe 26 05 T D9 g A ) Al D0 A A2 SR X AN [ VR B2 119 HINT-HA 28 A T A
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2R FLA B PV 1R 5 B 0 I O £ 2 9 W6 15 A I
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0. DR = 0.998) , Z4 M FR (LOD) (312 A A5 L il g

H HIRERINE FE M A5 R0 LOD K 0. 77 pg/mL. T mi

Au@Pt 4K EERENSAE 5 min N5 H,O,/HQ ik ik & 10 Eain
54 FTR o [ b 465 PG B2 10 LA 7R 104G 0 1) R 6 5t 0T 02 po?éiﬁal/vo"“ 05 06

5 min, TS50 T4 FA 28 11 e L2 SR T .
% 1 N IR AR I o HINL-HA 8 F AR e
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PERELLE. WTLAA th, ACBR 5 36T 22 W B R B R0 | . . -
ig. 6 'The DPV response signal diagram and logarithmic
Tl B o A 2 e AT LU LS 3 (1) B SE 2t

calibration curve of the magnetically assisted aptamer

i i FL A DE%} R 5 (2) ToTh ﬁi}% 225 H B BT sensor for detecting different concentrations
MEE&??JE@%*&{W ;(3) ﬁﬂhﬂﬂ NI 5 B, AT fRT A T B of HIN1-HA protein

AL TR AR o 22 ) B ) R A T i 380 BT BV (4D G 0 B[]
B2, FIFE 5 min WAFHHEE AR . 25 L RTIR ARG T & W R4 BN AR AR HINT e B kil 7 i B 17 E KW
INAAER A

F1 ARBAZENTTEX HINI-HA F B HRTEEE L%

Tab.1 Comparison of detection performances of different electrochemical detection methods for HIN1-HA protein

LiRlppr =371} TR iRl EZ BT
Ccv T 0. 2~20 000 ng/mL 0. 04 ng/mL [36]
EIS 13E 0. 01~100 nmol/L 0. 01 nmol/L [37]
EIS ST 0. 1~400 ng/mL 4 pg/mL [38]
DPV / 0. 25~5 pg/mL 0.25 pg/mL [39]
DpPV U717 1~10 000 ng/mlL 0. 28 ng/mL (0]
DPV 157K 0.001~1 000 ng/mL 0.77 pg/mL This work

3.5 WBLPE R PERIY Sk

I R P AR S DA A 2R AR SRR P RE A FE B bR . R 6 UE T ) £ 1 0 i B A R
B I, 308 BT S AN AS TR B 22 0 ER R E B 48 i SPCE/MNPs/aptamer 1/BSA/HA protein/Au @ Pt-
aptamer 2 B3 WIS FOARAGIRSS , I TH VR BE 4 0. 1 ng/mL B9 HINT-HA & A, W& 7)) IR, <A HLK
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Fig. 7 Reproducibility, stability, and specificity of the magnetic-assisted adapter sensors
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Tab. 2 The recovery rate of HA protein in sewage samples
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