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S1 The relationship of pulses to volume and charge
When the contributions of slip and electroosmosis in the channel are ignored, the
initial conductance G, in the channel is:" 2
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where w, h, Lopanner represents the width, height and length of the channel, ng; is the
number density of K* or CI, e is the elementary charge, o is the surface charge density
in the channel, and p;, and p; are the electrophoretic mobilities of K and CI'. G,
determines the baseline height of the current trajectory.

Proteins have complex shapes and structures, and their charge distribution is
extremely complex. Some common protein shapes are often simplified to spherical, pie,
or elliptic shapes. To simplify the calculation, we use the cylindrical protein structure
and uniformly distributed surface charge to analyze the decrease in ionic conductance
caused by its spatial repulsion (Gprotein-repuision) and the increase in conductivity

caused by the introduction of protein charge into ions (Gprotein—charge):
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where Lyrotein is the length of the protein, dp;.otein i the diameter of the protein, uy is
the effective electrophoretic mobility of K™ moving along the protein, and Aprotein 1S

the effective charge on the protein per unit length, which is assumed to be constant. So,

the change in conductance AG is:

AG = Gprotein—repulsion + Gprotein—charge (s4)



S2 The relationship between the capture frequency and the applied

voltage

We use the trapping probability model of the pore to analyze the trapping probability
of the channel as a function of voltage. Mayro et al. concluded that the frequency f, at

which the protein enters the pore is:*
kgT AG U
fe = 2mCors % exp [CP(Te) - 5701 + T

where C, is the protein concentration, 7, is the entrance radius, kg is the Boltzmann

(s5)

constant, h is the Planck constant, T is the absolute temperature, AG,, is the free-
energy barrier at equilibrium, U is the barrier reduction (or increase) due to
electric. @(7,) is the sum of the radial forces and the advection contribution, When

the effects of protein moment of inertia and electroosmosis are ignored:
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where q is the protein charge, o is the electrolyte conductivity, I is the ion current

flowing through the pore, E is the electrical field. It can assume U = kgT@(7,), so

AG, o
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The @(7,) linearly increases with E, so when other coefficients are determined, the

kgT
fo = 20 2L exp 2

frequency and voltage of protein entering the channel should show a positive e-
exponential growth trend:

fo =Aexp(aV)+p (s9)
Where 4, o is a parameter related to the channel structure and protein concentration, f

is the fitting parameter, and V' is the applied voltage.



S3 The molecular weight, AI/I;, number of charges carried (pH 8.1)

and size parameters of proteins.

The size of all proteins was approximated using the ellipsoid model.* Based on the
provided volume and length-to-diameter ratio, we can estimate the size of this
equivalent ellipsoid.* It should be noted that although the ellipsoid approximation
model fits well with the shapes of most proteins, for proteins with complex structures
such as BSA, IgG, and IgM, which significantly deviate from perfect ellipsoids, this
simple model has limitations. Even so, even for these proteins, their actual molecular

shapes are closer to the ellipsoid approximation model than to perfect spheres.

Protein Molecular weight Al/l, Number of charges Size parameters*
(kDa) (median) (e) (length x width X height)
Streptavidin 65 0.00379 -2.4 6.9 nm X 6.9 nm X 6.4 nm
BSA 66.4 0.0063 -24.1 8.6 nm X 8.6 nm X 5.1 nm
GA-Rab-IgG 150 0.0084 -16.2 10.5 nm X 10.5 nm X 4.2 nm
Rab-IgG 150 0.00723 -16.2 10.5 nm X 10.5 nm X 4.2 nm

IgM

900 0.0109 -130 17.4nm X 17.4 nm X 6.8 nm
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Figure S1. a) Diagram of a graphene channel sample with a height of 13 nm and a length

of 5 um. b) The current trajectory of BSA transmission in this channel.
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Figure S2. The dwell time and Al /I, of GA-Rab-IgG transmission in three channels

of different sizes.
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Figure S3. The capture rate of GA-Rab-IgG by the channel (A=36 nm, L=10 pm, w=500

nm) under two dilution conditions.



E—aE—aE—

E—a—a

Figure S4. The transmission states of different structural proteins at the entrance of the

channel.



b 0.006

0.005+ s

. 0.004}

Al

0.003

0.002+

0.00%,3 1 10 100

Dwell time (ms)

Figure S5. Transport experiment of protein marker. Its molecular weight is 30-209 kDa
(30, 38, 50, 63, 70, 78, 105, 113, 154, 209), in in 1 M KCIl, 5 mM Tris buffered at
pH=8.1.
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Figure S6. The current trace of GA-Rab-IgG by the channel (A=36 nm, L=10 pm,

w=500 nm) under two dilution conditions.
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Figure S7. The Statistics on Al/I, and dwell time for GA-Rab-IgG by the channel

(h=36 nm, L=10 pm, w=500 nm) under two dilution conditions.
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