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Supplementary Note 1. The device fabrication process.

Supplementary Fig. 1 | SEM and optical images of a high—density SINW FET array. (a) SEM
image of SINWs grown by gold-catalyzed CVD. Experiments were repeatedly conducted three times
with similar results and one representative image was chosen for analysis. (b) optical images of SINW-
FET arrays. The inset shows a pattern we designed with 96 pairs of electrodes to make transistor arrays.
Experiments were repeatedly conducted three times with similar results and one representative image
was chosen for analysis. (¢) magnified optical image of electrode couples. (d) AFM image of a single
silicon nanowire between electrode couples. Experiments were repeatedly conducted three times with

similar results and one representative image was chosen for analysis.
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Supplementary Fig. 2 | The brief process of mechano—sliding transfer of SiNWs and FET array

fabrication. The complete electrode patterning process was illustrated inside the dotted box.
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Supplementary Note 2. Electrical characterization of SINW FETs.

1600 200 120
800 | 150 |
% ol ;ED 100} %;
-800 | 50|
'16090_5 _gl_z o_lg 0.6 0 04 -02 0.0 02 04 0

Vo (V) Ve (V)

Supplementary Fig. 3 | Output characteristics for a p—type SiNW FET device. Left: /-Vp curves
of the SINW at different gate voltages (—20, —10, 0, 10, and 20 V) when V'p scans from 0.5 V to —0.5
V. Right: Source/drain current curves (one circle) of the SINW in the buffer solution (black curve) and
the corresponding leakage currents of the device in the buffer solution (red curve: from —0.5 V to 0.5
V and grey curve: from 0.5 V to —0.5 V). The probe of the gate voltage was immersed into the buffer

solution from the top.
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Supplementary Note 3. The immobilization process of a single E. coli PNPase protein.
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Supplementary Fig. 4 | Schematic demonstration of the strategy used for surface
functionalization and single PNPase protein immobilization. The generation routine of the special

area for the confinement conjunction was illustrated inside the dotted box.

S6



Supplementary Note 4. The complete sequence of E. coli PNPase core regions and location

information of the mutation site.

Supplementary Table 1 | Complete sequences of the E. coli PNPase core region
Before mutation

1
61
121
181
241
301
361
421
481
541
601
661

mlnpivrkfqg ygghtvtlet gmmargataa

vnygertyaa gripgsffrr

npgvnpdiva
gteaavlmve
alnarvaala
eknvvrsrvl
dagvldelmg
fpytvrvvse
ilgdedhlgd
inaprgdise

dgekakhair

kvtdylgmgg

After mutation

1
61
121
181
241
301
361
421
481
541
601
661

mlnpivrkfqg ygghtvtlet

vnygertyaa

npgvnpdiva
gteaavlmve
alnarvaala
eknvvrsrvl
dagvldelmg
fpytvrvvse
ilgdedhlgd
inaprgdise

dgekakhair

kvtdylamgg

migasaalsl
seaqgllsedqg
earlsdayri
agepridgre
ertdtflfhy
itesngsssm
mdfkvagsrd
faprihtiki

rieeitaeie

gripgsffrr

migasaalsl
seaqgllsedqg
earlsdayri
agepridgre
ertdtflfhy
itesngsssm
mdfkvagsrd
faprihtiki

rieeitaeie

Mutation with R93 and R97

1
61
121
181
241
301
361
421
481
541
601
661

mlnpivrkfg ygghtvtlet
vnygertyaa gripgsffrr

npgvnpdiva
gteaavlmve
alnarvaala
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dagvldelmg
fpytvrvvse
ilgdedhlgd
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dgekakhair

kvtdylgmgqg

migasaalsl
seagqllsedqg
earlsdayri
agepridgre
ertdtflfhy
itesngsssm
mdfkvagsrd
faprihtiki

rieeitaeie

evpvkvlevd

evpvkvlevd

evpvkvlevd

egrpsegetl
sgipfngpig
mlgavvfghe
tdkgeryaqgv
kdmirgldvr
nfppysvget
asvcgaslal
gisalgmdik
npdkikdvig
vgrvytgkvt

gmmargataa
egrpsegetl
sgipfngpig
mlgavvighe
tdkgervyaqgv
kdmirgldvr
nfppysvget
asvcgaslal
gisalgmdik
npdkikdvig
vgrvytgkvt

gmmargataa
egrpsegetl
sgipfngpig
mlgavvighe
tdkgeryaqgqv
kdmirgldvr
nfppysvget
asvcgaslal
gisalgmdik
npdkikdvig
vgrvytgkvt
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Supplementary Note 5. Systematic analysis of statistical data from the RNA analog binding

process.
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Supplementary Fig. S | Dwell time distributions of the low conductance state (orange, State 1) and
the intermediate state (green, State 2) in temperature, RNA analog concentration, pH and pH-Mg?"
gradient experiments (2 mmolsL ™! MgCl,) during the binding process (mean of n =3 technical
replicates from three different single-PNPase-modified SiINW devices, error bars indicate s.d.).
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Supplementary Fig. 6 | Occurrence proportion distributions of the low conductance state (orange)
and the intermediate state (green) in temperature, RNA analog concentration, pH and pH-Mg*"
gradient experiments (2 mmolsL™' MgCl,) during the binding process (mean of n =3 technical
replicates from three different single-PNPase-modified SINW devices, error bars indicate s.d.).
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Gradient experiments of temperature
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Supplementary Fig. 7 | Statistical analysis of the dwell times belonging to the low state (yellow)

and intermediate State (green) in temperature gradient experiments (from upper left to bottom right:
from 31 °C to 39 °C at 2 °C interval) during the binding process.
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Concentration gradient experiments of RNA
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Supplementary Fig. 8 | Statistical analysis of the dwell times belonging to the low state (yellow)
and intermediate state (green) in RNA analog concentration gradient experiments (from upper left to
bottom right: from 0.2 mM-L™! to 1 mMe<L"" at 0.2 mM-+L"! interval) during the binding process.
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Supplementary Fig. 9 | Real-time electrical trajectories of the binding process between PNPase
and RNA analog (poly(As30)) in concentration gradient experiments of the substrate (37 °C, pH 7.6 and
2 mmolsL"! MgCl,). The middle panels (marked with cyan) showed the 1 s magnified view of each
trace and the right panels were the corresponding current histograms of each trace.
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Gradient experiments of pH
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Supplementary Fig. 10 | Statistical analysis of the dwell times belonging to the low state (yellow)

and intermediate state (green) in pH gradient experiments (from upper left to bottom right: from 6.4 to
8.0 at 0.4 intervals) during the binding process.
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Supplementary Fig. 11 | Real-time electrical trajectories of the binding process between PNPase
and RNA analog (poly(As0)) in pH gradient experiments (37°C, 1 mmolsL ! RNA analog). The middle
panels (marked with purple) show the 1 s magnified view of each trace and the right panels are the
corresponding current histograms of each trace.
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Gradient experiments of pH with Mg?*
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Supplementary Fig. 12 | Statistical analysis of the dwell times belonging to the low state (yellow)
and intermediate state (green) in pH gradient experiments with Mg?* (from upper left to bottom right:
from 6.4 to 8.0 at 0.4 intervals; 2 mmolsL™! MgCl,) during the binding process.
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Supplementary Fig. 13 | Real-time electrical trajectories of the binding process between PNPase
and RNA analog (poly(Aso)) in pH gradient experiments (37°C, 1 mmolsL™' RNA analog, 2 mmoleL"
'MgCly). The middle panels (marked with dark purple) show the 1 s magnified view of each trace and
the right panels are the corresponding current histograms of each trace.
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Supplementary Note 6. Systematic analysis of statistical data from the RNA analog degradation

process.
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Supplementary Fig. 14 | Constant high—frequency vibrations were assigned to the apparatus

signal noise.
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Supplementary Fig. 15 | Real-time electrical trajectories of the degradation process of RNA
analog (poly(Aso)) in temperature gradient experiments with Mn** (1 mmoleL ! RNA analog, pH 7.6,
2 mmolsL™! MnCl, and H3;POs 8 mM-L™"). The middle panels (marked with green) show the 1 s
magnified view of each trace and the right panels are the corresponding current histograms of each

trace.
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Supplementary Fig. 16 | Real-time electrical trajectories of the degradation process of RNA
analog (poly(Aszo)) in temperature gradient experiments with DO (1 mmoleL! RNA analog, pH 7.6,
2 mmolsL! MgCl, and H3POs 8 mM-L™"). The middle panels (marked with green) show the 1 s
magnified view of each trace and the right panels are the corresponding current histograms of each
trace.

518



0%

= MWWW!WWWMMM%W—»

- Wwwwwwwwm SIRE TR, C,

40%

- WW”WWWWWWMWW

60%

" MWWWWWW LA o B

80%

W“W“Mr -

2 il wmmwuwwwm;_

Supplementary Fig. 17 | Real-time electrical trajectories of the degradation process of RNA
analog (poly(As0)) in concentration gradient experiments of D>O (37 °C, 1 mmolsL ! RNA analog, pH
7.6, 2 mmolsL™! MgCl, and H3;PO4 8 mMe<L'). The middle panels (marked with green) show the 1 s
magnified view of each trace and the right panels are the corresponding current histograms of each

trace.
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Supplementary Fig. 18 | Real-time electrical trajectories of the degradation process of RNA
analog (poly(As30)) in pH gradient experiments (37 °C, 1 mmolsL ' RNA analog, 2 mmolsL ! MgCl,
and H3PO4 8 mMsL™!). The middle panels (marked with green) show the 1 s magnified view of each
trace and the right panels are the corresponding current histograms of each trace.
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Supplementary Fig. 19 | Dwell time distributions of the intermediate state (green) and the high
state (purple) in D20 gradient concentration experiments at 37 °C, temperature gradient experiments
in the presence of Mg?" (2 mmolsL™' MgCl,), Mn?** (2 mmolsL™' MnCl,), D>O (solution volume
percent 100%) and pH gradient experiments at 37 °C during the degradation process (mean of n =3
technical replicates from three different single-PNPase-modified SINW devices, error bars indicate
s.d.).
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Supplementary Fig. 20 | Occurrence proportion distributions of the intermediate state (green)
and the high state (orange) in D>O gradient concentration experiments at 37 °C, temperature gradient
experiments in the presence of Mg?" (2 mmolsL ! MgCl,), Mn?** (2 mmolsL"' MnCly), D,O (solution
volume percent 100%) and pH gradient experiments at 37 °C during the degradation process (mean of
n =3 technical replicates from three different single-PNPase-modified SINW devices, error bars
indicate s.d.).
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Temperature gradient experiments of Mg?*

159 _—— 180 T, =5603 + 283 ms 270 B Tstate2
- e atata B Tstate 2 T, =4166 +311ms
100 o G s T,=12.04 £ 422 ms T,=946 + 519 ms
= - Tp=1751 £401ms | = - - 22040 0
>3 >
o o
(@] 50 (@]
0 0
0 200 400 600 0 170 340 510 0 140 280 420
Dwell Time (ms) Dwell Time (ms) Dwell Time (ms)
180 270
T,=4019 + 358 ms T,=2310 + 432 ms
I n Tstate2 i I Tstate2
~ 120 I;=838+298ms| . 180} 1 =694 + 266 ms
5 5 i
o o
© 60 © g0t
0
0 130 260 390 0 110 220 330
Dwell Time (ms) Dwell Time (ms)
90 100 120
W Tstate3 75 L o Tstate 3 o Tstate3
~ 60 iy - = 80}
= SR B wp T =1752+39%ms| § T =1431 +312ms
25
0 0 0
0 70 140 210 0 40 80 120 0 28 56 84

Dwell Time (ms) Dwell Time (ms) Dwell Time (ms)

180 180
I 0 Tsate3

I 0 Tgate3
T =1354 + 409 ms 120 -

T = 1146 £ 267 ms

Count

60

0 23 46 69 0 19 38 57

Dwell Time (ms) Dwell Time (ms)

Supplementary Fig. 21 | Statistical analysis of the dwell times belonging to the intermediate state
(green) and the high state (purple) in temperature gradient experiments with Mg?* (from upper left to
bottom right: from 31 °C to 39 °C at 2 °C interval; 2 mmoleL ! MgCl,) during the degradation process.
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Temperature gradient experiments of Mn?*
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Supplementary Fig. 22 | Statistical analysis of the dwell times belonging to the intermediate state
(green) and the high state (purple) in temperature gradient experiments with Mn?* (from upper left to
bottom right: from 31 °C to 39 °C at 2 °C interval; 2 mmol-L~' MnCl,) during the degradation process.
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Temperature gradient experiments of D,O
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Supplementary Fig. 23 | Statistical analysis of the dwell times belonging to the intermediate state
(green) and the high state (purple) in temperature gradient experiments with D.O solution (from upper

left to bottom right: from 31 °C to 39 °C at 2 °C interval; D20 solution volume percent: 100%) during
the degradation process.
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Concentration gradient experiments of D,O
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Supplementary Fig. 24 | Statistical analysis of the dwell times belonging to the intermediate state
(green) and the high state (purple) in concentration gradient experiments with DO (from upper left to

bottom right: from 0 % to 100 % (solution volume percent) at 20 % interval) during the degradation
process.
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Gradient experiments of pH

120 300 240
B Tsate2 I Tsate2 N Tsate2
~ 80+ Ty =362+098ms )| 200 T;=571+135 ms| «= 160+ T, =687 + 201 ms
S T,=2974 + 288 ms| § _ 5 -
2 2 T,=133.97 +326ms| 3 - T, = 3769 + 377 ms
O 40 © 100 O 80
0 0 0
0 35 70 105 140 0 65 130 195 260 0 65 130 195 260
Dwell Time (ms) Dwell Time (ms) Dwell Time (ms)
180 320
I Tstate2 240 L [ Tstate2
E 120 Tl=8»17 + 121 ms E T1=13.47 + 325 ms
3 T,=4354 + 347ms| g 160 Ty = 7116 £ 406 ms
O 60 (@]
80
0
0 70 140 210 280 350 0 130 260 390 520
Dwell Time (ms) Dwell Time (ms)
150 150 320
o Tstate3 o Tsate3 240 m Tsate3
§ 100 T =2986 + 509 ms ’g 100 T=2251+ 381 ms T =1446 + 422 ms
o o
(&) O 59

0 70 140 210 0 40 80

- 0
120 160 0 40 80
Dwell Time (ms)

120
Dwell Time (ms)

Dwell Time (ms)

150 210
o Tstate 3 o Tsate3
< 100 T=1280+236ms | € 140 - T=941 +125ms
3 3
O 50 O
0

0 12 24 36 48
Dwell Time (ms)

0 10 20 30 40 50 60
Dwell Time (ms)

Supplementary Fig. 25 | Statistical analysis of the dwell times belonging to the intermediate state

(green) and the high state (purple) in pH gradient experiments (from upper left to bottom right: from
6.4 to 8.0 at 0.4 intervals) during the degradation process.
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Supplementary Fig. 26 | The step-length counting of the degradation process at pH gradient
experiments for ploy(A)so (up panel), at temperature gradient experiments for ploy(A)so (middle panel),

and for various substrates (bottom panel).
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Supplementary Fig. 27 | Dwell time (ms) distribution (top panel) and statistical average dwell
times (bottom panel) of the binding structure for four types of RNA analog with homogeneous
nucleotide sequences (State 2: intermediate state; State 3: high state) (poly(A)szo—green; poly(U)szo—
orange; poly(C)so—blue; poly(G)so—purple). n = 4 biologically independent samples examined over Y
= 4 independent experiments.

529



24.2
Ho.moo
_. 238
g ’/~ 0.0050
=~ 234 -
0.0000
2307550 180 270
242
b Time (s) 0.0100
60 1 5x105 _. 238
Tstate 3 i E & 0.0050
‘g 40+ \T=1717+078ms "g 1 .OX105 - €54 0.0000
S 20} 85,0)(104 L 2307550 180 270
" 24.2
o LN 0.0 —aA-_2x 0.0100
0 50 100 150 15 20 25 30 35 _ 238 I
Dwell Time (ms) 1(nA) : . . 0.0050
60 3 ' 0.0000
m Tstate wm State 2 23.0
- o £ ol 0 90 180 270
= (T=7884+4.17ms 3 24.2
3o g 0.0100
© < 17 . 238] [ . '
| |“ | g - " 0.0050
0 ‘ 0 ' = 234
0 200 400 600 0 10 20 30 : 0.0000
Dwell Time (ms) Length 23.0

0 90 180 270
Dwell time (ms)

Supplementary Fig. 28 | Real-time electrical trajectories and statistical analysis of the mutant
PNPase degradation process. (a) Real-time electrical trajectories of the mutant PNPase degradation
process (37 °C, pH=7.6, 1 mmolsL"' RNA analog, 2 mmolsL ' MgCl, and H;POs 8 mM+L™"). (b) The
single exponential fitting for the dwell time of the intermediate state (green) and high state (purple),
the proportion distribution for three states (orange-low state, green-intermediate state, and purple-high
state), and the step count distribution of the complete degradation process in 20 seconds. (c¢) The
fingerprints of the intermediate state for four types of the homogenous sequence (poly(A)so—green;

poly(U)szo—orange; poly(C)szo—blue; poly(G)zo—purple).
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Supplementary Note 7. Statistical analysis of fingerprint data from the degradation process of

the heterogeneous sequence.
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Supplementary Fig. 29 | Fingerprint map collection of 30 sites using a heterogeneous sequence

(5’CGAUCUUCAUUGCCAAGCGGCUAGCUCAAAZ’). Statical nucleotide information of

heterogeneous sequence from upper left to bottom right: SNNNNUNNNNCNNNGNNNNNN
NNNNNNNNN3’ (A-Adenine; U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 30 | Fingerprint map collection of 30 sites using a heterogeneous sequence
(5CGAUCUUCAUUGCCAAGCGGCUAGCUCAAAZ’). Statical nucleotide information of
heterogeneous sequence from upper left to bottom right: SNNANNNNNNNNNNNNNNNN

NNNNNNNNGN3’ (A—Adenine; U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 31 | Fingerprint map collection of 30 sites using a heterogeneous sequence

(5’CGAUCUUCAUUGCCAAGCGGCUAGCUCAAA3’). Statical nucleotide

information of

heterogeneous sequence from upper left to bottom right: SNNANNNGNNNNNNNNANCN

NNNNNNNNGN3’ (A-Adenine; U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 32 | Fingerprint map collection of 30 sites using a heterogeneous sequence
(5CGAUCUUCAUUGCCAAGCGGCUAGCUCAAAZ’). Statical nucleotide information of
heterogeneous sequence from upper left to bottom right: SNANNNNNNNNGNNNNNNNNN

NNNNCNNNN3’ (A—Adenine; U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 33 | Fingerprint map collection of 30 sites using a heterogeneous sequence
(5CGAUCUUCAUUGCCAAGCGGCUAGCUCAAAZ’). Statical nucleotide information of
heterogeneous sequence from upper left to bottom right: SNNNCNNNNNNNNNGNANCNN

NNNNNNNANN3’ (A—Adenine; U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).

S35



22 22 22 22 22
0.03
< 20 < 20 < 20 < 20 < 20 0.02
= = . £ = ; E :
= ‘ = = ' = ﬁ = . 0.01
18 18 181 & 18 18
0.00
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 Density
Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms)
22 22 22 22 22
< 20 < 20 < 20 < 20 < 20
£ ' = . £ ‘ = £
18 18 18 18 ' 18
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120
Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms)
22 22 22 22 22
< 20 < 20 < 20 < 20 < 20
= ’ = ‘ L ‘ = . L
18 18 18 18 18
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120
Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms)
22 22 22 2. 22
< 20 < 20 < 20 < 20 < 20
= . £ i £ . = £ ’
18 18 18 18 ' 18
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120
Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms)
22 22 22 22 22
< 20 < 20 < 20 < 20 < 20
c ’\ E ’ E ' 3 . T °
18 18 18 181 & 18
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120
Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms)
22 22 22 22 22
g 20 EC‘ 20 2:‘ 20 g 20 2:‘ 20
S @s =P E R £ -
18 18 18 181 18
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120

Dwell time (ms)

Dwell time (ms)

Dwell time (ms)

Dwell time (ms)

Dwell time (ms)

Supplementary Fig. 34 | Fingerprint map collection of 30 sites using a heterogeneous sequence
(5CGAUCUUCAUUGCCAAGCGGCUAGCUCAAAZ’). Statical nucleotide information of
heterogeneous sequence from upper left to bottom right: SNNNCNNNNNNNNNNNNCNGN

NNNNNNNNGN3’ (A—Adenine; U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 35 | Fingerprint map collection of 30 sites using a heterogeneous sequence
(5CGAUCUUCAUUGCCAAGCGGCUAGCUCAAAZ’). Statical nucleotide information of
heterogeneous sequence from upper left to bottom right: SNANNNNNNNNGNNNNANNNN

NNCNUNNNNN3’ (A—Adenine; U-Uracil; C—Cytosine; G-Guanine; N—Non-matched site).
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Supplementary Fig. 36 | Fingerprint map collection of 30 sites using a heterogeneous sequence
(5CGAUCUUCAUUGCCAAGCGGCUAGCUCAAAZ’). Statical nucleotide information of
heterogeneous sequence from upper left to bottom right: SNNNCNNNNNNNNCNNNNNNN

NANNNNNNNN3’ (A-Adenine; U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 37 | Fingerprint map collection of 30 sites using a heterogeneous sequence
(5CGAUCUUCAUUGCCAAGCGGCUAGCUCAAAZ’). Statical nucleotide information of
heterogeneous sequence from upper left to bottom right: SNANNNNNNNNNNNGNNNNNN

NNNNNNNNGN3’ (A—Adenine; U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 38 | Fingerprint map collection of 30 sites using a heterogeneous sequence
(5CGAUCUUCAUUGCCAAGCGGCUAGCUCAAAZ’). Statical nucleotide information of
heterogeneous sequence from upper left to bottom right: S°NNNCNNNANNNGNNNNNNGN

NNNNNN'/NNN3’ (A—Adenine; U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 39 | Integrated fingerprint map collection of 30 sites using a heterogeneous
sequence (S’CGAUCUUCAUUGCCAAGCGGCUAGCUCAAA3Y’). Statical  nucleotide
information  of  heterogeneous  sequence from upper left to  bottom  right:
S’NAACUNGANCGGCGNACCG ACNUCUAGNS’ (A—Adenine; U-Uracil; C—Cytosine; G—

Guanine; N—Non-matched site).
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Supplementary Fig. 40 | Potential secondary structures of a mccA sequence. The pairing bond

energy was ranked as red, purple, and green from high to low.
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Supplementary Fig. 41 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: >"NNNNNNNGNNNNT NNNNNN' 'NNNN3’ (A—-Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 42 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: "NNNGNNNNNNN/ANNNNNNNNNN' /N3’ (A-Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 43 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: S°NANNNNNNANNNN{NNNNNNNNNN3’ (A-Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 44 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: ’NANNNANNNCNNNNNNN{ 'NNNNNN3’ (A—-Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 45 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: S"NNNNNN/NANNNNT/NNNNNNNNNN3’ (A-Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 46 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: NNCNNNNNNCNNNNNNN{T/NNNN' N3’ (A—-Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 47 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: >NNNGNNNGNNNNNNNNGNN' 'NNNN3’ (A—-Adenine;
U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 48 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: ’NNCNN/ANNNNNN{TNNNNNNNN ANN3’ (A—Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).

S50



22 22 22 22 22
0.03
< 20 < 20 < 20 < 20 < 20 0.02
£ £ RS £ £ ' '
- % - - - - 0.01
18 18 18 18 18
0.00
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 Density
Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms)
22 22 22 22 22
< 20 < 20 % < 20 G < 20 < 20 Q
S £ £ £ £
18 18 18 18 18
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120
Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms)
22 22 22 22 22
< 20 < 20 @ < 20 < 20 < 20
< 3 < < < m 3 @
18 18 18 18 18
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120
Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms)
22 22 22 22 22
ié, 20 w E 20 ié, 20 E 20 g 20
18 18 18 18 18
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120
Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms) Dwell time (ms)
22 22 22 22
< 20 < 20 < 20 < 20 Q
[ = = =
18 18 18 18
0 40 80 120 0 40 80 120 0 40 80 120 0 40 80 120

Dwell time (ms)

Dwell time (ms)

Dwell time (ms)

Dwell time (ms)

Supplementary Fig. 49 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: NNNNCNNNNNCNNNNNNNNNNNNN3’ (A—Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 50 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
sequence from upper left to bottom right: S"NNNNNN/NNNN/ANNANNNNNNNNN3’ (A—-Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 51 | Integrated fingerprint map collection of 24 sites for mccA gene (5’
UACGCAU GACCAUUACGUUUGAUU3’). Statical nucleotide information of mccA gene
GACC

sequence from upper left to bottom right: ’NACGC NGI/NUNATN3’ (A-Adenine;

U-Uracil; C—Cytosine; G—Guanine; N—Non-matched site).
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Supplementary Fig. 52 | Five real-time electrical trajectories (each trace duration: 20 s) of the
degradation process of the mixed sample consisting of an artificially designed sequence (30 bp in
length) and a mccA gene sequence (24 bp in length). Temperature: 37 °C, RNA substrate: 0.5 mmoleL~
! (artificially designed sequence), RNA substrate: 0.5 mmoleL ! (mccA gene sequence), MgCly: 2

mmoleL ! and H3PO4: 8 mMeL .
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Supplementary Fig. 53 | The statistical distribution of the sequence length for five real-time

electrical trajectories from the measurements of the mixed sample.
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Supplementary Note 8. The assay data of the regulation on the Debye length in the buffer solution.

Supplementary Table 2 | A table of the assay data about the regulation of the Debye length.

Tris-HCI pH=7.6 Ab (nm) ionic strength (mM)
x1 1.13 59.30
x0.1 3.58 5.93
x0.01 11.32 0.59
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