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Table 1 Sequence of nucleotides used in this work

Name Sequence and modification (5'—3")

Lac201 CGACCGGCTCGGAGAAGGACGACGAGTAGCGCGTATGAATGCTTTTCTATGGAGTCGTCGAAGAGGCTCGGCCAGC
DNAzyme CATCTCTTCTCCGAGCCGGTCGAAATAGTGAGT
MB DNA MB-ACTCACTAT/rTA/GGAAGAGATG-SH
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1.6 il
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Fig.1 Schematic of the electrochemical aptasensor for detection of L—-lactate based on THMS—triggered DNAzyme

cleavage mechanisms
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Fig.2 Cyclic voltammetry curves of the modified
electrode at 5 mmol/L [Fe(CN)J*"*
(a) Bare GCE; (b) Au/Pd-N-MWCNTs/GCE; (c) MB-DNA/Au/
Pd-N-MWCNTs/GCE; (d) HT/MB-DNA/Au/Pd-N-MWCNTs/GCE;
(e) L-lactate/MB-DNA/Au/Pd-N-MWCNTs/GCE.
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Fig. 3 Characterization of the nanomaterials
(a) EDS mapping images of Au/Pd-N-MWCNTs (C, N, Pd, Au); (b) XRD patterns of Au/Pd-N-MWCNTs; (c) XPS spectra of Au/Pd-N-MWCNTs; (d)
C Is; (e) N 1s; () Pd 3d; (g) Au 4f.
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Fig. 4 Electrochemical performance analysis of nanomaterials
(a) TEM images of Au/Pd-N-MWCNTs; (b) DPV response of electrochemical signal comparison between Au/Pd-N-MWCNTs and deposited Au

modified electrodes.
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Fig. 5 Optimization of experimental conditions

(a) DPV response at different MB-DNA concentrations before (upper curve) and after (lower curve) incubated with 20 mmol/L L-lactate; (b) the

concentration of Pb*" and (c) Pb*"-dependent DNAzyme cleavage time.
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H T 5AHM A L-ZLER AR BE A X 405 2 R AF 2k
YRR, LIERIES RN T = —17.031gC0m+27.127,
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Fig. 6 Electrochemical determination of L—-lactate

(a) DPV response of L-lactate at different concentrations (1, 3, 5, 7, 9, 11, 13, 15, 17, 20 mmol/L); (b) linear relationship between L-lactate

concentration and response current (/).
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Fig.7 Analytical performance
(a) Reproducibility of the proposed sensor: testing L-lactate (20 mmol/L) using 10 identical electrodes; (b) specificity of the proposed sensor: blank,

ascorbic acid, cysteine, glucose, glutathione, L-lactate, mixture of all; (c) stability of the proposed sensor: detecting L-lactate (20 mmol/L) over 21 d.
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110.80%, AHXF b5 E A 25 K 2.35%~4.56%, 0
Ty 7 A B Ak 2 BC A R A T T LS P L-FL IR
K

Table 2 Determination of L-lacate spiked recovery rate

using an aptasensor

Sample Added Found RSD/% Recovery/%
/(mmol-L™") /(mmol-L™"P
1 1 1.06+0.04 3.46 106.00
2 5 5.54+0.25 4.56 110.80
3 15 15.84+0.37 2.35 105.60

Dmean+SD, n=3.

KA O BE R R AN TR 5, IS ek
B XTI AN T ik I (BT gt i (R3). 4
BN, WA eSS R TR E 2 (P>0.05),
ATIEGT T T () A% SRR XA i P I 2 25 21 5 et
B B ARG — B

Table 3 Results of the determination of L-lactate in real

serum by different methods

Sample Spectrophotometry Aptasensor method
/(mmol-L™") /(mmol-L™")

1 1.00 1.02
1.02 1.06
0.89 1.1

2 5.74 5.82
5.29 5.47
5.15 5.33

3 16.01 16.13
15.76 15.97
15.39 15.42

* t-test results: =-0.038; 7, (16)=2.119 9; 1<t - (16), P>0.05.
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Electrochemical Aptasensor for Rapid Lactate Detection”
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Abstract Objective To construct a novel electrochemical aptasensor for L-lactate detection. Methods Based
on gold-palladium-doped nitrogen-rich multi-walled carbon nanotube nanocomposite (Au/Pd-N-MWCNTs)
modified glassy carbon electrodes, a triple-helix molecular switch (THMS) triggers the cyclic shearing effect of
Pb**-assisted deoxyribozyme (DNAzyme) with RNA-cleaving activity on the signal probes that are loaded on the
electrode surface, used for ultrasensitive electrochemical detection of L-lactate. Differential pulse voltammetry
(DPV) records the current signal changes. Results The signal probes concentration of 4 umol/L, the Pb*
concentration of 4 umol/L, and the DNAzyme shear incubation time of 60 min are the optimal test conditions for
the sensor. Under optimal experimental conditions, the L-lactate sensor’s linear range is 1-20 mmol/L, and the
detection limit is 0.51 mmol/L. In addition, the aptasensor has excellent stability (RSD=1.04%), reproducibility
(RSD=2.80%) and selectivity. When detecting L-lactate in human serum samples, the recoveries were 105.60%—
110.80%, and the RSDs were 2.35%-4.56%, which has high consistency with the traditional method.
Conclusion The aptasensor can realize ultrasensitive L-lactate detection and has broad application prospects in

biomedical diagnosis, the food industry, and environmental monitoring.

Key words L-lactate, aptamer, triple-helix molecular switch, deoxyribozyme, electrochemical sensors,
nanocomposites
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