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1. Reagents and materials.

All reagents were purchased commercially and were used as received unless otherwise noted. o-phenylenediamine
(OPD), Tobramycin (TOB), streptomycin (STR), and kanamycin (KANA), neomycin (NEO), gentamicin (GEN),
ampicillin  (AMP), terramycin (TER), enrofloxacin (ENR), sulfadimidine (SUL), 4-Nitrophenylisocyanate,
4-(HydroxyMethyl)phenylboronic acid pinacol ester, triethylamine were purchased from Sigma (St. Louis, MO, USA).
Lithium chloride (LiCl), sodium periodate (NalO,) sodium cyanoborohydride (NaCNBHj3;), hydrochloric acid (HCI),
tris(hydroxymethyl)-aminomethane (Tris), H,O, (30%, w/w), melamine and nitric acid (HNO;) were obtained from
Sinopharm Chemical Reagent Co., Ltd (Shanghai, China). Whatman chromatography paper #4, #5 (pure cellulose
paper) and glass microfiber filters GF/A were obtained from GE Healthcare Worldwide (Pudong Shanghai, China) and
used with further adjustment of the paper size. The oligonucleotides were synthesized by Shanghai Sangon Biological

Engineering Technology & Services Co. (Shanghai China) with the following sequences shown in Table S2!-3.
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2. Instruments.

Solid-wax printer (FUIIXEROX Phaser 8560 DN, Japan), transmission electron microscopy (TEM) were obtained

on a field emission 2100F TEM (JEOL, Japan) at an acceleration voltage of 200 kV. The morphology of the nanosheets

were examined by field-emission scanning electron microscopy (SEM, S-4800, Hitachi, Tokyo, Japan). X-ray

diffraction (XRD) were recorded using an X ’Pert PRO diffractometer equipped with a Cu Ka radiation source. Fourier

transform infrared (FT-IR) were obtained with SP-2 (PerkinElmer, USA). Dynamic light scattering (DLS) were

measured by were obtained with a Nano-ZS (Malvern Instruments, U.K.) at room temperature. UV-vis absorption

spectra were recorded with a UV-2600 spectrophotometer (Shimadzu, Japan). Fluorescence signals were measured on

LS-55 spectrofluorometer (PerkinElmer, America). NMR spectra were recorded on Bruker AVANCE III 400 NMR

spectrometer. Chemical shifts were reported in parts per million (ppm, 8) relative to tetramethylsilane. Proton coupling

patterns are described as singlet (s), doublet (d), triplet (t), quartet (q), multipet (m) and broad (br). HRMS were

recorded on a Q-TOF mass.
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3. Synthesis of g-C;N4 NSs.

The g-C5N, NSs were synthesized based on our previous report®. Firstly, the bulk g-C;N, was prepared by heating

5.0 g melamine in a muffle furnace for 2 h to 550 °C (with a ramp rate of 2 °C min~' during the heating and cooling

processes). Then 100 mg of the bulk g-CsN,4 powder were treated by ultrasonic for 10 h in 50 mL ultrapure water and

added into 100 mL of 5 M HNO; before being refluxed for 5 h. After that, the refluxed products were washed with

water to neutral. Finally, the residual unexfoliated g-C;N4 were removed by centrifuging at 10,000 rpm before used for

further study.
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4. Synthesis of Compound 1:

The Compound 1 was synthesized based on previous report with slight modifcation’. 4-(HydroxyMethyl)
phenylboronic acid pinacol ester (2.340 g, 10 mmol, 1.0 eq) was dissolved in triethylamine (1.4 mL, 10 mmol, 1.0 eq)
under Ar at 0 °C. 4-Nitrophenylisocyanate (1.804 g, 11 mmol, 1.1 eq) was dissolved in dichloromethane (23 mL) under
Ar. The 4-nitrophenylisocyanate solution was added dropwise to the mixture of triethylamine and
4-hydroxymethylboronic acid pinacol ester, while stirring at 0 °C. The solution was allowed to warm to room
temperature over 3 h. The solution was concentrated under reduced pressure and the resulting material was purified by
column chromatography (elution with 5% EtOAc-benzene) affording compound 1 as a white solid (4.0 g, 10 mmol).
FT-IR (cm') 3258, 2983, 1733, 1501, 1329; 'H NMR (400MHz, CDCl;): 6 8.10 (d, /=9.2 Hz, 2 H), 7.74 (d, J = 7.6
Hz, 2 H), 7.48 (d, J = 9.2 Hz, 2 H), 7.30 (d, J = 7.6 Hz, 2 H), 7.21 (s, 1 H), 5.29 (s, 2 H), 1.34 (s, 12 H); 3C NMR
(100MHz, CDCl3): 6 151.5, 142.7, 142.0, 137.2, 134.0 (2 C), 126.4 (2 C), 124.1 (2 C), 116.7 (2 C), 82.9 (2 C), 66.5,

23.8 (4 C); HRMS (TOF MS ES—, m/z) Calcd. for CyoH3BN,Og (M — H*): 397.1552; Found: 397.1552.
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Figure S2 "H-NMR spectrum of compound 1.
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Figure S3 3C-NMR spectrum of compound 1.
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Figure S4 FT-IR spectrum of compound 1.
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Figure S5 (a)Apt/g-CsN4 NSs hybrid can catalyze OPD oxidation to fluorescent DAP in the present of H,O,. (b) The
fluorescence emission spectra of OPD and DAP solutions under the excitation wavelength at 365 nm. (inset:
corresponding fluorescent images of DAP under UV light.)
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Figure S7 Schematic principle of layer 3 surface modification
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Figure S8 Illustration of the structure of DFD detection device.
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Figure S9 (a) DLS of g-C5N4 NSs. (b) Relative quantum yield of g-C5;N4 NSs. (¢) The stability of the fluorescence of
g-C3Ny NSs. (d) Stability of the g-C5N4 NSs in the presence of different concentrations of NaCl.
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Figure S10. (a) C 1s spectrum of the g-C3N4 NSs. (b) N 1s spectrum of the g-C3;N4 NSs.
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Figure S11. SEM images of GF/A glass microfiber paper (layer 4) (a) without and (b) with compound 1, (c)
“Stop-Flow” System opened using H,0,. (d) Variation of the contact angle on different samples. insert: photographs of
water droplets on GF/A glass microfiber paper, compound 1 modificated paper, “Stop-Flow” System opened by H,0,
after Ss.
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Figure S12. The sample volume per cell of different layers (red ink solution was applied in these cases).

Figure S13. SEM images of (a) bare # 5 cellulose paper, (b) g-C3;N4 NSs modified # 5 cellulose paper.
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Figure S14. Effect of sample volumes for RPD.
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Figure S15. (a) Effects of incubation time on Apt-target reaction. (b) Influence of OPD concentrations. (c) Influence of
H,0, concentrations. (d) Influence of Apt-g-C;N4 NSs catalytic reaction time.
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Table S1. Different disposition of each layer of RPD.

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5
Tris-HCI
g-C3N4 NSs Compound 1
Channel A buffer (20 pL
- (15 uL 10 (20 uL 30 -
(Control) 100 mM, pH
mg/mL) mg/mL)
8.0)
-C5Ny NS
Tris-HCI ST T8
(15 uL 10 Compound 1
Channel B buffer (20 uL
- mg/mL) and (20 uL 30 -
(STR) 100 mM, pH
8.0) Aptstr (10pL mg/mL)
) 1.5 uM)
-C3Ny NS
Tris-HCI ST T8
(15 uL 10 Compound 1
Channel C buffer (20 uL
- mg/mL) and (20 uL 30 -
(TOB) 100 mM, pH
8.0) Aptros (15puL mg/mL)
' 0.7 uM)
-C3Ny NS
Tris-HCI ST T8
(15 uL 10 Compound 1
Channel D buffer (20 uL
- mg/mL) and (20 uL 30 -
(KANA) 100 mM, pH
8.0) Aptgana (15uL mg/mL)
' 0.9 uM)
. GF/A glass GF/A glass
Basic paper # 4 cellulose . #5 cellulose . # 4 cellulose
] microfiber microfiber
materials paper paper paper
paper paper
Table S2. Sequences and dissociation constants (Kd) of oligonucleotides used in this study.
DNA Sequence(5'- 3) K4 (nM)
TAGGGAATTCGTCGACGGATGCGGGG
STR aptamer TCTGGTGTTGTGCTTTGTTCTGTCGGG 199.1
TCGTCTGCAGGTCGACGCATGCGCCG
TOB aptamer GACTAGGCACTAGTC 42.12
KANA aptamer TGGGGGTTGAGGCTAAGCCGAC 78.8
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Table S3. Reproducibility and precision for RPD-DFD platform for STR, TOB and KANA detection.

Assay no.; Rg—R

c RSD

Type? 1 2 3 4 5 %,
P (ng mL) (%

n=>5)

5.0 37.062 37.567 37984 37.453 37.065 1.03

STR
10.0 62.965 62.032 63.254 63.865 63.132 1.05
5.0 9.123 9.021 9.765 9.135 9.053 3.35

Intra-assay TOB
10.0 17.135 17.054 17.641 17.821 17.556 1.90
5.0 9.989 9.130 9.265 9.262 9.023 4.07

KANA
10.0 17756  17.632 17.285 17.018 17.545 1.69
STR 5.0 36.132 37.332 36989 36.465 37.386 1.49
10.0 61.132  62.798  63.023 62.984 60.843 1.72
5.0 9.132 9.032 8. 980 9.123 8.956 0.92

Interassay TOB
10.0 17.432  17.361 16432 18.098  16.865 3.65
5.0 9.956 8.812 8.953 9.751 8.813 5.97

KANA
10.0 17.651 17.981 16987 16.865 17.787 2.85

aWhile the intra-assay tests were carried out with the same batch of RPD, different RPD batches were used for the

interassay tests.
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Table S4. Comparison of assay results for three AGs by developed RPD-DFD platform and commercialized ELISA kits

in raw milk samples.

Method; concentration (mean + SD, ng

ml!, n=5)
Targets Added RPD-DFD ELISA kit Fexp Fo05 fexp 10,05, 8
0 _ _ _ _
STR 5.0 5.15+0.19 5.13+£0.12 2.51 0.20
10.0 10.10+£0.25 10.02 £0.17 2.16 0.59
0 _ _ _ _
TOB 5.0 5.08+0.11 5.16£0.25 5.16 6.39 0.65 2.31
10.0 10.09 £ 0.10 10.15+£0.21 441 0.58
0 _ _ _ _
KANA 5.0 5.05+0.12 5.03+0.14 1.36 0.24
10.0 10.01 £0.12 10.07 £0.24 4.00 0.50
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