Wa6 % oM 2/ M Fx % W Vol. 46 No. 9
2025 49 H Chinese Journal of Scientific Instrument Sep. 2025

DOLI: 10. 19650/j. cnki. ¢jsi. J2514022

MEESHNEY S FEHERNRS"

FRrEE A X EM KAR L2 W F P
(1. Bilsgl Ry A S SR =B B 2002405 2. RIS R H IR SR 2R E A9 B 200240)

& E A I TR R E R AR YA TR T AR T B (R IR BT RERR I 4 T IR I R AR AR A X G B —
NG RERIRR . ARG T ] L2 W3 ia 2, Rk R BE BY VLA 94k 8 M G B By T2 3, s FIYig s 2 43
FAR GBI 38 W T2 a5 5 R D52 32 sl 9 43 F s 3R B RR M . BRI BIF R T RES 25 A Y RERR I
W F 2 R RN RS R G A REPR T o 2R A Ry FH R 70 00 1 R TG - R I T A s 5 R A A ik
il Rt S A £ SRR AR 5 B 15 5 TR 5 Tl i BB A R 5 R AR B ST AR P I A&, R 40 RT LA A ShiRH A4 IR ARG B b A5
RIS 5 W AR A 5 s RGBS 5 S 3TN |, SR H b 40 748 S E S i AT (5 S A B A 007, $RILE F 5
FROE LA SZIL AT 2R PRI, A SR 3R] | R Ge AR 4R B B L1155 TP R il (4 4r iz sl (55 MU R SRR T re e A
AR R AT S BE MR L, BGPTSR B (ng/mL 4%0) GARSN J122 RF (nm ) SEREARIC o F AR PRI . AR AR R4
SE— IR A W) o F RIS 6 |, BRAS 58 R 22 I REARTE 70 e M A0 AR Ab i R iy W i — b 40 ) 2 ) 4 - R 43 %
HAR,

KB EWIBIRRG ; WE TS A S RO s bR e 2B W 40 F 5 Z2 R e A T

hESES: THT9 MEARIRE: A EXRREFRSERE: 460. 40

Magneto-acoustically combined detection system for
characterizing multi-parameter of biomolecules

Ouyang Jihai',Wen Yumei'?  Chen Dongyu',Zuo Can',Li Ping'

(1. School of Automation and Intelligent Sensing, Shanghai Jiao Tong University, Shanghai 200240, China;
2. State Key Laboratory of Submarine Geoscience, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: Magnetic labeling of biomolecules is a crucial technique in biomolecular analysis and manipulation. However, existing
detection systems for magnetically labeled molecules often suffer from limited detection targets and restricted application scenarios.
Magnetically labeled molecules can be driven by external magnetic fields, and their motions can be monitored using a thickness-shear
quartz oscillator sensor. These molecular motions are influenced by both the intrinsic properties of the molecules and the characteristics of
the carrier fluid. By analyzing the corresponding motion signals, the properties of the molecules or the carrier medium can be effectively
characterized. In this work, a magneto-acoustic integrated multi-parameter detection system for magnetically labeled biomolecules is
developed, providing enhanced flexibility for diverse detection applications. The system employs direct digital synthesis (DDS) signal
generators as excitation sources for both the magnetic field and the sensor oscillation. Coordinated control between the DDS modules and
computer software allows automatic tuning of excitation frequencies to achieve the optimal signal-to-noise ratio (SNR). The sensor output
signals are demodulated to extract molecular motion components, which are then processed and analyzed to derive multiple signal features
for multi-parameter molecular characterization. Experimental results demonstrate that the system successfully extracts modulated
molecular motion signals from the sensor output, and the frequency optimization algorithm effectively enhances the SNR of the sensor
signals. Consequently, the system enables quantitative detection of molecular concentration at the ng/mL level and hydrodynamic size at

the nanometer scale. The developed instrument serves as an open and extensible platform for multi-parameter detection and biochemical
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process monitoring of magnetically labeled biomolecules, representing a novel and versatile technology for advanced biomolecular

sensing.

Keywords : biosensing systems; magnetic field regulation; quartz crystal microbalance; magnetically labeled biomolecules; multi-

parameter detection
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Fig. 1 Schematic diagram of the magneto-acoustic combined

detection principle for biomolecules
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Fig. 2 Working principle of the magnetically regulated multi-parameter detection system for magnetically labeled molecules
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motion signals at different magnetic bead concentrations
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Fig. 13 Results of hydrodynamic size measurements
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Table 2 Comparison of hydrodynamic size measurement
results between this system and the DLS method
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