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Figure S1. The settings in the ETWP 110 software. A) Procedure settings; B) Data analysis
settings; C) Concentration transfer settings.
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Figure S2. Enzyme activity characteristics of Fe-N-C SANs. A) The absorbance-reaction time
curve of the TMB chromogenic reaction catalyzed by the Fe-N-C SANs; B) The enzyme specific
activity of Fe-N-C SANs. All data are shown as mean = SD (n = 3).
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Figure S3. The cyclic voltammetry of Fe-N-C SACs-modified SPE in PBS solution with 0,
1.25, 2.5 and 3.75 mM H,O0,.
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Figure S4. Continuous detection of H,0, by Fe-N-C SACs-modified electrode. A)
Amperometry curve of Fe-N-C SACs during the continuous addition of H,O, in PBS solution at

an applied potential of -0.2 V; B) Linear relationship between H,O, concentration and response
current.
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Figure S5. Cyclic voltammetry curves of bare, GOx-coated, SANs-coated and SANs/GOx-
coated SPE in 2.5 mM glucose solution.
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Figure S6. The anti-interference, reproducibility and stability of SAN/GOx-coated SPEs. A)
The ratio of the current response of 5 mM interferences at -0.2V using amperometry to the current
response of glucose at some concentration; B) The response current of 2 mM glucose_measured
by seven electrodes. Relative standard deviation (RSD) is 1.46% and there was no significant
difference among the seven electrodes (P>0.05); C) Measurement performance of the electrode
after room temperature storage. The measurement time was 7th day, 14th day, 21st day, 28th day
and 35th day after the start of room temperature storage. All data are shown as mean = SD (n = 3).
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Figure S7. Dimensional specifications of the microneedle array from the top view and section
view.
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Figure S8. Time-lapse images of porcine skin after microneedle array insertion. Images
were taken at 0, 2, 4, 6, 8, 10 and 12 min after insertion.
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Figure S9. Stability evaluation of the finger-activated pump within the 3D-printed
electrochemical biosensing platform. A) Pump image before use. B) Pump image after 100
extraction cycles. C) Extraction volume per cycle from skin-mimicking model.
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Table S1. Comparison of the detection performance of the hollow microneedle (HMN)-
based single-atom nanozyme (SAN)/glucose oxidase (GOx)-modified glucose sensor with

other reported materials-modified glucose sensors.

Sensor linear range/mM Limit of detection/pM Ref.
ERGO-PLL 0.005-0.05 2 !
RGO-PINW 0.032-1.89 4.6 2

RGO/CuSNFs 0.001-2 0.19 3
CoFe-NG 0-3.25 37.7 4
CoPC/graphene/IL 0.01-13 & 1.3-5.0 0.67 3
GOx@PAVE-CNTs 1-5 0.36 6
AuNPs@g-C;Ny 5-100 1.2 7
GOx/Chitosan/Au-Ti 0.04-15.05 1.75 8
Cos04/graphene 0.016-1.3 0.5 9
nanocomposite
FTO-CNTs/PEI/GOx 0.07-0.7 70 10
GOx/Au@C/TiO,/FTO 0.1-1.6 49 1
GOx-SiO,/Lig/CPE 0.5-9 145 12
Nafion/GOx/ZnO
NRS/ITO 0.05-1 60 13
Cu,O 0.1-1 12 14
SAN/GOx 0.0001-0.1 & 0.1-50 0.285 This work
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Table S2. Comparison of the detection performance of the hollow microneedle-based

single-atom nanozyme/glucose oxidase-modified electrochemical glucose sensor with other
microneedle-based glucose sensors.

Mlcrozzi(::)erbased- linear range/mM Limit of detection/pM Ref.

Polymeric microneedle-

0-31.45 1.8 15
based glucose sensor
Silicon microneedle 1-9 660 16
array patch
Wearable hollow
microneedle sensing 2.5-22.5 / 17
patches
Microneedle array sensor 0.05-20 19.4 18
Mlcroneedlg-enabled 0.1-100 333
electrochemical sensor
Electrochemlcal 0-20 / 19
microneedle sensor

3D-printed hollow

microneedle-based 0.0001-0.1 & 0.1-50 0.285 This work
electrochemical sensor
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Table S3. Results of detection by SAN/GOx-modified glucose sensor in artificial ISF and

Skin-mimicking model.

Reference values/mM Sensor values/mM Sensor recovery/%
Artificial ISF
0.98 1.01 103.29
5.08 5.22 102.84
10.6 10.89 102.71
20.05 20.59 102.70
Skin-mimicking phantom gel

1 1.01 101.02

2 1.95 97.49

5 5.14 102.86
10 9.82 98.16
15 15.83 105.51
20 19.70 98.52

13



Movie S1. Demonstration of the Finger-activated Pump Extraction Process in the 3D-
printed Electrochemical Biosensing Platform.
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