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ABSTRACT: Objective To establish a method for the detection and identification of lysozyme in complex food
matrices by gold nanoparticle (AuNP)-aptasensor array. Methods The 3 lysozyme-specific aptamers were selected
as recognition elements, and a sensor array was constructed using AuNP color changes as the response signal. Based
on the differences in binding affinity between lysozyme and the 3 aptamers, combined with the aggregation state and
color change rules of AuNPs under salt-induced conditions, the characteristic color response differences of the
samples were employed as lysozyme “fingerprints”. Supervised machine learning via linear discriminant analysis was
applied to enhance model orthogonality, enabling recognition and prediction of unknown samples. Results The 3
aptamers exhibited distinct binding affinities for lysozyme, with dissociation constants (Kp) of 141.528 nmol/L
(Seq-1), 67.671 nmol/L (Seq-2) and 38.404 nmol/L (Seq-3). The limits of detection of lysozyme for the 3 aptamers
Seq-1, Seq-2 and Seq-3 alone were 14.45, 15.739 and 1.95 nmol/L, respectively. The difference in binding affinity
leaded to different degrees of protection for AuNPs by aptamers, causing AuNPs to present different aggregation
states under salt-induced conditions and exhibit gradient color changes from red to blue. Characteristic “fingerprint
spectra” were formed based on the color differences between food matrices with and without lysozyme added. A
linear discriminant analysis model was constructed based on the data matrix of “3 nucleic acid aptamers x18 kinds of
food matrices x5 parallel experiments”, achieving 100% accurate identification and classification of 18 kinds of food
matrices with 100 nmol/L lysozyme added. The variance contribution rates of the 3 discriminant factors were 88.0%,
7.6%, and 4.4% respectively. In addition, the recognition accuracy of this model for 36 blind samples reached 100%,
indicating that this method could effectively distinguish lysozyme in different food matrices. Conclusion This
study presents an AuNP-aptasensor array integrating pattern recognition and machine learning strategies, enabling
reliable lysozyme detection in complex matrices. The approach provides a novel paradigm for the developing
aptamer-based detection methods that mitigate matrix effects.

KEY WORDS: lysozyme; aptamer; aptasensor array; pattern recognition
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VTR, SOPRNRE FTBGEE N-2 T RE 5T SROpE K i,
S — P BEAE K S A ) A B RE R SR e 2 e, RO
TP AR R 0 TR T R L TR
R MR G AE R AR T, U TR T A RO e A K
AT B 7 il 5 2 i PR R v 7 o, 3 TR A A
—FhRIR . LEREYBIER, A BER SR,
A, VR i AR Ak AT S A R BERE R R S
TN EEIE R Hlan, SRR DE RIS =4
KT 0.5 mg/mL B, 38 # 2 W JFURHK T TR, SR,
VA5 DA 1) A o 05 P S AS R 0 v] e | & AR XU . — i
Ve TR BT O — R R S OR ), o B R RE S SR 4
JL BT SR R 1 BB e . WP IR R . B A AN IS
ST RO T S — T T, e R A TR N T AR IR A
v T8 RE -7, Sl BRI AES . 2022 4 9 F 30 H,
E B B S PR (Food and Drug Administration,
FDA) %A 4 81445 Whole Foods Market(4 8 11) 30 H

[l 76 20 24 . B TR KA R R R VS 4 S B 1 “Zerto
Fontal” T-F& . 27 i & A HIFEVEA N, BRI B
o R A R A ™ i R i A T R ™ R A
KA Ar R B N o BT S5 N B E A, I
A EIHEIR 52 (Whole Foods “Zerto Fontal” {3 *
WOSEM A B BT BkA BoaeS5 X, E NS
XTI R R 1 57 P B S A SR AR MR T AR . PR
SRS DL AE R SR USRI FIARvE ) A BB T U T
TEA A P IR Y, e GB 1886.257—2016
(RN Z2EZRE SRaim WEE) e T e
VA DRI ARSI 1 S A SR A, B SRAG I A TR B
ROFMMERREE | A% 5P TIRET, JUHEX & A2 &
TP R R, TR SCHERE O, BB . fokib
G EHAGIAFH ST, Bk, BT AW 7 A
Ry vk, SRR e W L B Tl BT i e I R R
RIS W B S 0 R .

H TR T3 D T A DU A 4 A 0 e T
1% (bioactivity assay method, BAM)!' | 25 &% W #H (0, 1% 1




%510 3]

PR, S R IURL-1E IC VKRR 21 7 e RGN S 4% 0 it T v 34 R 157

(high performance liquid chromatography, HPLC)“Z]U&%
41148 HL, Uk 12 (capillary electrophoresis, CE)!' 3145 ] % 475
R S RS R AR S I, H R TR A AR R L AT
PUSHIER SUBTIINIPOE: Y (UNIAR - A CE 3 s =R B
B pH SFFREENZE T, MR T H A S BrAs il v iy
o FH I 5w Ao 0 45 SR R AR L TR, EEXT R JR R E,
W ATFR T 2R 5, L MONTORO %)
AR ST A ], 38 2o 2R P01 B30 58 6 vy e e S U oL
A, IS PO CERENEDIKR R IR AE S o 1% 5 R R B
RN, KB PRAKE 0.009 pg/mL, H A BN H T &5
SUME SR, TR, SR, 7 e REY)
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albumin, BSA, #li[F =98%) (b 5T R & B A R A FD);
S 4R (HAuCl, - 3H,0)(_E¥# Sigma-Aldrich A R/AH]); &
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Fig.l Schematic illustration of aptamer-AuNPs colorimetric array sensor
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Fig.2 Experimental feasibility analysis and spectral characterization
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Fig.3 Optimization of experimental conditions
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Fig.6 Evaluation of lysozyme recognition in actual samples using array sensors
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Table 1 Response and recognition results of the array sensor to 36 groups of blind samples
B IS L il
Seq-1 Seq-2 Seq-3
1 0.02174 0.06896 0.21897 T 5 HFT 5
2 0.16931 0.03312 0.18686 FEJT 8 LT 8
3 0.64374 0.64374 0.40055 T 10 JEI% 10
4 0.34022 0.54272 0.32926 B HeT 1
5 0.38725 0.56486 0.37512 HT 14 )T 14
6 0.01686 ~0.00965 0.03902 B 11 FENT 11
7 0.30585 0.35648 0.30001 T 16 JEI% 16
8 0.53793 0.57981 0.51072 H 3 Hefi 3
9 ~0.00674 0.07069 0.08872 T 12 ST 12
10 0.08702 0.12983 0.02441 LT 18 FEJTT 18
11 0.42019 0.39908 0.32991 JEI%T 6 T 6
12 0.37257 0.24671 0.42432 HeFT 13 H 13
13 0.27522 0.61355 0.55195 B 17 17
14 0.03555 0.11866 —0.08298 L 2 B 2
15 0.54604 0.596257 0.54916 HET 15 JEIR 15
16 0.30218 0.345101 0.32622 T 18 F 18
17 0.38733 0.55162 0.25484 i 7 HFT 7
18 0.28276 0.61355 0.54115 B 17 ST 17
19 0.33532 0.34646 0.26681 g 4 T 4
20 0.39731 0.56486 0.38615 HeT 14 H 14
21 0.27531 0.34510 0.34802 L% 16 H 16
22 —0.00553 0.02608 0.01558 FEJT 9 9
23 0.54842 0.58984 0.53231 HET 15 JEIR 15
24 -0.00329 0.05304 0.08682 HeFT 12 H 12
25 0.27793 0.54272 0.30927 HEJT 1 T 1
26 0.66389 0.63384 0.44782 LN 10 FEJT 10
27 0.35153 0.26329 0.42773 T 13 Sk
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Seq-1 Seq-2 Seq-3

28 -0.01121 0.06896 0.24845 HFT 5 T 5

29 0.15741 0.27726 0.14935 LT 8 T 8

30 0.54185 0.16293 —0.11256 T 3 B 3

31 0.02419 ~0.00965 0.03882 Fm 11 HEFT 11

32 0.25107 0.53867 0.38733 HeFT 7 e 7

33 0.33532 0.34646 0.26681 FEI 4 FET 4

34 0.01913 0.01635 0.01687 T 9 JET 9

35 0.03812 0.16248 —0.13918 HeFT 2 i 2

36 0.42019 0.44368 0.36597 HT 6 HJT 6
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