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Supplementary Note 1: Materials 

c-Myc370–414 IDR sequence with terminal cysteine (LC46):  

LKRSFFALRDQIPELENNEKAPKVVILKKATAYILSVQAEEQKLIC 

The number of amino acids: 46. 

Molecular weight: 5287.25 Da. 

Theoretical pI: 8.94. 

Max37–83 sequence (DQ47): 

DHIKDSFHSLRDSVPSLQGEKASRAQILDKA TEYIQYMRRKNHTHQQ 

The number of amino acids: 47. 

Molecular weight: 5565.19 Da. 

Theoretical pI: 9.31. 

Samples of LC46 and DQ47 were synthesized by GL Biochem. Ltd., Shanghai, China with purity 

of more than 95%, which was confirmed by the supplier, using HPLC and MS (Supplementary Figs. 

1−4). LC46 and DQ47 both carry +2e at pH 7.4. Compound 10074-A4 (Catalogue number: 

STK834743) was purchased from Vitas-M Laboratory, Ltd, which is commercially available from 

TopScience Co. (Shanghai, China), with the purity of more than 90%. The company provided 1H NMR. 

The 1× PBS buffer was ordered from M&C Gene Technology (Catalogue number: CC008), which 

contains 8g/L NaCl, 0.2 g/L KCl, 1.44 g/L Na2HPO4 and 0.24 g/L KH2PO4 at pH 7.4. Compound 

PKUMDL-YC-1205 used in the experiments was purchased from Shenzhen Biochemilogic 

Technology Co. Ltd. The company provided NMR and LC-MS. Here, we rechecked the purity of 

PKUMDL-YC-1205 and 10074-A4 by performing HPLC, MS, 1H and 13C NMR. Both compounds 

are over 90% pure, which were determined by an Agilent 1206 Infinity high performance liquid 

chromatography instrument with a SB-C18 column (4.6 mm × 150 mm, 5 μm) with methanol and 

water with 0.1% formic acid as the mobile phase. The flow rate was 1 mL/min and the peak was 

detected at 254 nm. 1H NMR spectra were recorded on a Bruker 500 MHz spectrometer. 13C NMR 

spectra were recorded on a Bruker 400 MHz spectrometer. The chemical shift values (δ) are reported 
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in ppm relative to tetramethylsilane as the internal standard. 1H spectra were represented as follows: 

chemical shift, multiplicity (s = singlet, d = doublet, t = triplet, m = multiplet), coupling constant (J 

values) in Hz and integration. 13C NMR spectra were represented as follows: chemical shift, 

multiplicity (d = doublet, m = multiplet), coupling constant (J values) in Hz. High resolution mass 

spectra were recorded on a Bruker Solarix XR FTMS mass spectrometer using ESI (electrospray 

ionization). The fully assigned spectra of NMR, MS and HPLC have been provided as below 

(Supplementary Figs. 5−12). 

Compound 10074-A4: 1H NMR (500 MHz, DMSO-d6) δ 8.32 (t, J = 1.7 Hz, 2H), 7.67 (d, J = 8.8 

Hz, 2H), 7.49 (dt, J = 8.8, 1.6 Hz, 2H), 5.28 (dd, J = 5.6, 1.7 Hz, 1H), 4.47 (dd, J = 15.1, 4.0 Hz, 1H), 

4.35 (dd, J = 15.0, 8.0 Hz, 1H), 4.22–4.16 (m, 1H), 4.14 (s, 2H), 3.73 (ddd, J = 13.5, 8.8, 1.5 Hz, 1H), 

3.54 (dd, J = 13.6, 3.9 Hz, 1H). 13C NMR (101 MHz, DMSO-d6) δ 172.44, 172.12, 139.49, 126.09, 

123.56, 122.48, 120.25, 111.76, 66.04, 46.96, 45.41, 33.81. HRMS (ESI): calcd for C18H14Cl2N2O3S 

(M+H)+: 409.0175, found: 409.0176; (M+NH4)
+: 426.0440, found: 426.0441. 

Compound PKUMDL-YC-1205: 1H NMR (500 MHz, DMSO-d6) δ 12.70 (s, 1H), 8.60 (s, 1H), 

7.90 (d, J = 7.6 Hz, 2H), 7.72 (d, J = 7.5 Hz, 2H), 7.59 (d, J = 8.3 Hz, 1H), 7.42 (q, J = 7.1 Hz, 2H), 

7.31 (dd, J = 14.5, 7.4 Hz, 2H), 7.27–7.14 (m, 15H), 4.36 (dd, J = 10.3, 6.9 Hz, 1H) 4.32 – 4.20 (m, 

3H), 2.67 (d, J = 7.1 Hz, 2H). 13C NMR (101 MHz, DMSO-d6) δ 173.25, 168.77, 155.82, 144.71, 

143.79, 140.73, 128.58, 127.86 – 126.88 (m), 126.37, 125.22 (d, J = 4.2 Hz), 120.14, 69.45, 65.75, 

51.06, 46.66, 38.04. HRMS (ESI): calcd for C38H32N2O5 (M+H)+: 597.2384, found: 597.2389. 
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Supplementary Fig. 1 | MS spectrum of LC46 provided by the supplier. 

 

Supplementary Fig. 2 | HPLC spectrum of LC46 provided by the supplier. 
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Supplementary Fig. 3 | MS spectrum of DQ47 provided by the supplier. 

 

Supplementary Fig. 4 | HPLC spectrum of DQ47 provided by the supplier. 
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Supplementary Fig. 5 | MS spectrum of 10074-A4.  

 

Supplementary Fig. 6 | 1H NMR of 10074-A4 in DMSO-d6.  
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Supplementary Fig. 7 | 13C NMR of 10074-A4 in DMSO-d6. 

 

Supplementary Fig. 8 | HPLC spectrum of 10074-A4. 
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Supplementary Fig. 9 | MS spectrum of PKUMDL-YC-1205.  

 

Supplementary Fig. 10 | 1H NMR of PKUMDL-YC-1205 in DMSO-d6. 
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Supplementary Fig. 11 | 13C NMR of 1205 in DMSO-d6. 

 

Supplementary Fig. 12 | HPLC spectrum of PKUMDL-YC-1205. 
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Supplementary Note 2: Device fabrication and characterization 

  

Supplementary Fig. 13 | Fabrication flowchart of single-peptide modified device. 
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Supplementary Fig. 14 | Characterization of SiNW-FET device arrays. Left and medium images 

were taken by Nikon Eclipse LV 100 under 20x and 50x objectives. The right SEM image was 

generated by Hitachi S-4800. The scale bars from left to right are 300 μm, 10 μm and 1 μm, respectively. 

Experiments were repeatedly conducted over three times with similar results and one representative 

image was chosen for analysis. 

 

 

Supplementary Fig. 15 | Electrical characterization of SiNW-FETs. a, Output curves of a p-type 

SiNW-FET. VSD scanned from 0 to 0.5 V at a certain VG (from −15 to 15 V with an interval of 3 V). 

b, Transfer curve of a p-type SiNW-FET. The device was measured under liquid gate by using a 

platinum probe as the third electrode in a PBS buffer solution (red line: from −0.3 to 0.3 V, black line: 

from 0.3 to −0.3 V, grey line: gate leakage current). 
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Supplementary Fig. 16 | Schematic of the point modification procedure after wet-etching.  
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Supplementary Fig. 17 | Fluorescence characterization of single-Myc-modified devices. a, d and 

g, Images of single-LC46-modified devices in the dark field. The photos were taken under the 

excitation light of 480 nm wavelength. b, e and h, Stochastic optical reconstructions of 5000 photos 

for each device. c, f and i, Magnification of the reconstruction spots in the medium column. Scale bars 

from left to right are 2 μm, 2 μm and 160 nm. 
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Supplementary Fig. 18 | AFM image of a single-LC46 modified SiNW-FET device. a) AFM image 

of a SiNW device, where a single LC46 was attached on the surface of a SiNW. b) The height 

distribution of different sections in the AFM image (blue for bare SiNW and red for the locus of protein 

attachment). The difference of the height is about 7 nm, which is consistent with the size of LC46 

(~5.3 nm) and the molecule linkage (~1.7 nm). Experiments were repeatedly conducted three times 

with similar results and one representative image was chosen for analysis. 
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Supplementary Note 3: Real-time current measurements and dynamic analysis 

Statistical Analysis: The current data were recorded with a combination of HF2LI Lock-in Amplifier 

(Zurich Instruments) and DL1211 preamplifier at a sampling rate of 57.6 or 28.8 kHz. The raw data 

with a high bandwidth (10 kHz) was then used to reduce the signal noise of the circuit by a low-pass 

Butterworth filter at a frequency of 5 kHz. The additional filtered processes were carried out by 

MATLAB 2016b. The QuB 2.0.0.32 software was then used to idealize the filtered data based on the 

hidden Markov model7. The dwell time of each signal event and the number of total events were 

extracted after the idealization. The extracted data were then analyzed with Origin 9.0. The dwell time 

was then fitted to a single-exponential decay function and the average dwell time was generated. Data 

are presented as mean ± standard deviation (SD). Populations of certain species in concentration-

dependent experiments were fitted by the Hill Equation (Supplementary Eq. 1). The  represented the 

population ratio of binding species, [L] for ligand concentration and KD for dissociation constant. 

𝛼 =  
[𝐿]𝑛

𝐾D+ [𝐿]𝑛     (Supplementary Eq. 1) 
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Supplementary Fig. 19 | Real-time measurements of control devices and experimental devices. a, 

Real-time trajectory of a bare SiNW-device. b, Real-time trajectory of a maleimide-modified device 

in blank buffer solution (0.01× PBS buffer, pH = 7.4, 5% DMSO). c, Real-time trajectory of a single-

Myc modified device in blank buffer solution (0.01× PBS buffer, pH = 7.4, 5% DMSO). d, Magnified 

view of the data marked with blue in c. 

  



19 
 

 

Supplementary Fig. 20 | PBS concentration-dependent experiments. a–c, Real-time current 

trajectories of a single-Myc modified device in different PBS solutions (PBS buffer [8g/L NaCl, 0.2 

g/L KCl, 1.44 g/L Na2HPO4 and 0.24 g/L KH2PO4], pH = 7.4, 5% DMSO): 1× PBS (a), 0.1× PBS (b), 

0.01× PBS (c). The right column is the 60-s current data, and the left column is the magnified view of 

the selected area.  
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Supplementary Fig. 21 | Dimension information of a LC46 modified device. Prediction of the 

molecular length of apo-LC46 and molecule linkage.  

 

 

 

Supplementary Fig. 22 | Sensing principle of a p-type SiNW-FET device with c-Myc modification. 
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Supplementary Fig. 23 | Temperature-dependent experiments of the c-Myc IDR folding process. 

a–e, Real-time current trajectories of a single-Myc modified device in the blank buffer solution (0.01

× PBS buffer, pH = 7.4, 5% DMSO) at different temperatures: 25 ℃ (a), 30 ℃ (b), 35 ℃ (c), 40 ℃ 

(d), and 45 ℃ (e). The right column is the 1 s current data, the middle column is the magnified view 

of 0.1s marked with blue areas, and the left column is the statistical histogram of the current data. The 

current data is collected with ~17 μs temporal resolution. 
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Supplementary Fig. 24 | The dwell-time distributions of different current states at different 

temperatures. a–e, The dwell-time distributions of three self-folding conformational intermediates at 

different temperatures: 25 ℃ (a), 30 ℃ (b), 35 ℃ (c), 40 ℃ (d), and 45 ℃ (e). The left, middle and 

right columns are the dwell time distributions of high, medium and low current states (0, 1 and 2 states), 

respectively. 
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Supplementary Fig. 25 | Max concentration-dependent experiments at pH = 7.4. a–g, Real-time 

current trajectories of a single-Myc modified device in the solution (0.01× PBS buffer, pH = 7.4, 5% 

DMSO) with different Max concentrations: 5 nM (a), 10 nM (b), 50 nM (c), 100 nM (d), 500 nM (e), 

1 μM (f), and 5 μM (g). The right column is the 100 s current data, and the left column is the statistical 

histogram of the current data. The current data is collected with ~17 μs temporal resolution. 
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Supplementary Fig. 26 | Control experiments using molecule-linkage devices without LC46 

modification. a–c, Real-time current trajectories of a molecule-linkage modified device in different 

solutions (PBS buffer [8g/L NaCl, 0.2 g/L KCl, 1.44 g/L Na2HPO4 and 0.24 g/L KH2PO4], pH = 7.4, 

5% DMSO): 100 nM DQ47 (a), 6.25 μM 10074-A4 (b), 6.25 μM PKUMDL-YC-1205 (c). The right 

column is the 60 s current data, and the left column is the magnified view of the selected area. 
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Supplementary Fig. 27 | Max concentration-dependent experiments at pH = 6.5. a–g, Real-time 

current trajectories of a single-Myc modified device in the solution (0.01× PBS buffer, pH = 6.5, 5% 

DMSO) with different DQ47 concentrations: 5 nM (a), 10 nM (b), 50 nM (c), 100 nM (d), 500 nM 

(e), 1 μM (f), and 5 μM (g). The right column is the 100 s current data, and the left column is the 

statistical histogram of the current data.  
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Supplementary Fig. 28 | Variation in the dwell-time mean values ⟨t⟩ of DQ47-LC46 binding 

kinetics. These values were arithmetic mean values calculated from dwell times within indicated 1-s 

data over a 50-second interval at 37 ℃ with 1 μM DQ47. The corresponding τ derived from the 

exponential fit of each state is indicated by dashed lines (red for binding state and blue for encounter 

state through dissociation).  
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Supplementary Fig. 29 | Temperature-dependent experiments of the Myc-Max binding process 

at pH = 7.4. a–g, Real-time current trajectories of a single-Myc modified device in 1 μM DQ47 

solution (0.01× PBS buffer, pH 7.4, 5% DMSO) at different temperatures: 25 ℃ (a), 30 ℃ (b), 33 ℃ 

(c), 35 ℃ (d), 37 ℃ (e), 40 ℃ (f), and 45 ℃ (g). The right column is the 1 s current data, the middle 

column is the magnified view of 0.1 s data, and the left column is the statistical histogram of the current 

data. 
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Supplementary Fig. 30 | Surface plasmon resonance assay of Myc with Max peptide. The 

association and dissociation curves of DQ47 at concentrations of 0.001–10 μM. The KD value was 351 

± 28 nM based on kinetic fitting. 
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Supplementary Fig. 31 | Experiments measuring different devices in 1 μM DQ47 solution at 

37 ℃. a–c, Real-time current trajectories from different devices in 1 μM DQ47 solution at 37 oC (0.01

× PBS [8g/L NaCl, 0.2 g/L KCl, 1.44 g/L Na2HPO4 and 0.24 g/L KH2PO4], pH = 7.4, 5% DMSO): 

Device 1 (a), Device 2 (b), and Device 3 (c). The right column is the 100 s current data, and the left 

column is the magnified view of the selected area. d–f, Dwell-time distributions of the Myc-Max 

binding process from different devices: Device 1 (d), Device 2 (e), and Device 3 (f). g, Average dwell-

time distributions from 3 current trajectories with different devices (green for Device 1, orange for 

Device 2, and purple for Device 3). The results from different devices are not significantly different 

for individual current states at 0.05 level from the one-way ANVOA analysis. 
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.  

Supplementary Fig. 32 | Dwell-time distributions of the Myc-Max binding process at different 

temperatures. a–g, Dwell-time distributions of the Myc-Max binding process in 1 μM Max solution 

(0.01× PBS buffer, pH = 7.4, 5% DMSO) at different temperatures: 25 ℃ (a), 30 ℃ (b), 33 ℃ (c), 

35 ℃ (d), 37 ℃ (e), 40 ℃ (f), and 45 ℃ (g). Dissociation states are shown in red and binding states 

are shown in blue. The dwell-time distributions can be fitted by a single exponential function to obtain 

the averaged dwell times at different temperatures. 
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Supplementary Fig. 33 | 10074-A4 concentration-dependent experiments under the physiological 

condition. a–f, Real-time current trajectories of a single-Myc modified device in the solution (0.01× 

PBS buffer, pH = 7.4, 5% DMSO) with different 10074-A4 concentrations: 6.25 μM (a), 12.5 μM (b), 

25 μM (c), 50 μM (d), 100 μM (e), and 200 μM (f). The right column is the 60 s current data, and the 

left column is the statistical histogram of the current data.  
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Supplementary Fig. 34 | PKUMDL-YC-1205 concentration-dependent experiments under the 

physiological condition. A–f, Real-time current trajectories of a single-Myc modified device in the 

solution (0.01× PBS buffer, pH = 7.4, 5% DMSO) with different 10074-A4 concentrations: 6.25 μM 

(a), 12.5 μM (b), 25 μM (c), 50 μM (d), 100 μM (e), and 200 μM (f). The right column is the 60 s 

current data, and the left column is the statistical histogram of the current data. 
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Supplementary Fig. 35 | Max concentration dependent-experiments in competition with 100 μM 

10074-A4. a–g, Real-time current trajectories of a single-Myc modified device in the 100 μM 10074-

A4 solution (0.01× PBS buffer, pH = 7.4, 5% DMSO) with different DQ47 concentrations: 5 nM (a), 

10 nM (b), 50 nM (c), 100 nM (d), 500 nM (e), 1 μM (f), and 5 μM (g). The right column is the 100 s 

current data, and the left column is the statistical histogram of the current data. 
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Supplementary Fig. 36 | Max concentration-dependent experiments in competition with 100 μM 

PKUMDL-YC-1205. a–g, Real-time current trajectories of a single-Myc modified device in the 100 

μM PKUMDL-YC-1205 solution (0.01× PBS buffer, pH = 7.4, 5% DMSO) with different DQ47 

concentrations: 5 nM (a), 10 nM (b), 50 nM (c), 100 nM (d), 500 nM (e), 1 μM (f), and 5 μM (g). The 

right column is the 100 s current data, and the left column is the statistical histogram of the current 

data. 
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Fig. 37 | kobs at different DQ47 concentrations and different pHs. The kobs is regarded as the number 

of occurrences per second of the fully folded binding complex. The kobs can be fitted by Supplementary 

Eq. 2 derived from a two-step induce-fit model8. Red for pH 7.4 and dark red for pH 6.5. 

𝑘𝑜𝑏𝑠 = 𝑘− +  𝑘+ [𝐿]

𝐾𝐷+[𝐿]
    (Supplementary Eq. 2) 
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Supplementary Note 4: Supplementary Tables 

Supplementary Table 1. Debye lengths of different PBS concentrations. 

PBS pH 7.4 (5% DMSO) λD (nm) ionic strength 

1× 0.72 143 mM 

0.1× 2.4 14 mM 

0.01× 7.5 1.4 mM 

The Debye lengths of different PBS concentrations can be calculated by Supplementary Eq. 3 as below. 

𝜆𝐷 =  √
𝜀𝑘𝐵𝑇

𝑞2𝑐
     (Supplementary Eq. 3) 

where ε is the dielectric permittivity of the media, kB is Boltzmann’s constant, T is the temperature, q 

is the electron charge, and c represents the ionic strength of the electrolyte9. 

 

Supplementary Table 2. Binding affinity of Myc and Max at different PBS concentrations. 

PBS pH 7.4 (5% DMSO) KD (nM) 

1× 351 ± 28 

0.01×* 374 ± 147 

*0.01× PBS, 0.2% T20, 5% DMSO, pH 7.4 

 

Supplementary Table 3. Averaged dwell times of four conformational ensembles at five different 

temperatures. The SDs are calculated from three different devices. 

 

  T = 25 °C T = 30 °C T = 35 °C T = 40 °C T = 45 °C 

 0 (ms) 0.643 ± 0.058 0.552 ± 0.076 0.454 ± 0.035 0.333 ± 0.083 0.872 ± 0.148 

 1 (ms) 0.215 ± 0.061 0.111 ± 0.029 0.109 ± 0.027 0.122 ± 0.069 0.147 ± 0.033 

 1* (ms) 6.486 ± 0.7171 4.556 ± 0.6651 - - 2.283 ± 0.4942 

 2 (ms) 0.541 ± 0.119 0.458 ± 0.044 0.342 ± 0.120 0.447 ± 0.065 0.670 ± 0.092 

1State 1*
LT 

2State 1*
HT 
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Supplementary Table 4. Averaged populations of LC46-DQ47 dimer at seven different 

concentrations of DQ47 under different pHs. The SDs are calculated from three different devices. 

 

pH = 6.5 pH = 7.4 

cDQ47 (nM) αbind (%) cDQ47 (nM) αbind (%) 

5 6.7 ± 0.8 5 2.3 ± 0.5 

25 24.0 ± 2.4 10 5.4 ± 1.1 

50 37.5 ± 2.3 50 18.3 ± 3.1 

250 74.4 ± 2.2 100 39.0 ± 5.2 

500 86.2 ± 3.7 500 72.3 ± 2.8 

1000 92.9 ± 3.2 1000 84.7 ± 1.5 

5000 97.6 ± 1.7 5000 94.2 ± 3.5 
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Supplementary Table 5. Detailed kinetic and thermodynamic parameters at different temperatures in 

1 μM DQ47 solution: The dwell times of binding and dissociation states (bind and diss), rate constants 

of binding and dissociation process (kbind and kdiss), and the dissociation constants (KD). The SDs are 

calculated from three different devices. 

 

T (℃) bind (ms) diss (ms) kdiss (s–1) kbind (s–1) KD (nM) 

25 388 ± 109 50 ± 7 2.6 ± 0.7 20 ± 3 146 ± 27 

30 283 ± 51 42 ± 14 3.5 ± 0.6 24 ± 8 155 ± 53 

33 199 ± 18 34 ± 2 5.0 ± 0.5 29 ± 2 172 ± 17 

35 129 ± 8 25 ± 2 7.8 ± 0.5 40 ± 3 196 ± 14 

37 94 ± 21 18 ± 3 10.7 ± 2.4 56 ± 8 200 ± 48 

40 69 ± 5 15 ± 1 14.6 ± 1.0 66 ± 5 223 ± 18 

 

Supplementary Table 6. Averaged populations of LC46-inhibitor complex at different concentrations. 

The SDs are calculated from three different devices. 

 

cinhibitor (μM) αbind-10074-A4 (%) αbind-PKUMDL-YC-1205 (%) 

6.25 21.4 ± 2.0 29.6 ± 4.1 

12.5 44.9 ± 2.2 43.8 ± 4.4 

25 62.6 ± 2.0 62.3 ± 3.3 

50 80.5 ± 1.1 78.2 ± 4.4 

100 92.4 ± 2.8 87.9 ± 1.3 

200 94.3 ± 1.9 92.5 ± 1.8 
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Supplementary Table 7. Averaged populations of LC46-DQ47 dimer at seven different 

concentrations of DQ47 in 100 μM inhibitor solution. The SDs are calculated from three different 

devices. 

 

cDQ47 (nM) αbind@10074-A4  αbind@PKUMDL-YC-1205 

1 1.1 ± 0.4 0.06 ± 0.05 

10 1.2 ± 0.4 0.1 ± 0.1 

100 21.0 ± 1.2 7.3 ± 3.5 

200 47.5 ± 2.7 13.8 ± 3.1 

500 75.9 ± 2.4 28.7 ± 8.6 

1000 91.2 ± 2.4 45.5 ± 8.2 

5000 90.2 ± 3.1 81.8 ± 6.1 
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