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 29 

Figure S1. Calculated Fisher information (scaled) and measured diffusivity data variation (scaled) of 30 

lysozyme in water as a function of the dimensionless Fourier number. The variances of the measured 31 

lysozyme diffusion coefficients are low and almost similar within the range of the Fourier number 32 

from about 0.1 to 0.4. When out of this range, the measured lysozyme diffusion coefficients have 33 

high variances.   34 



 35 

Figure S2. Geometrical scheme of Comsol Multiphysics particle tracing simulation. A three-36 

dimensional simulation is performed. Two contacting domains are built, being a donor fluid domain 37 

(DD) and receiver fluid domain (RD), where the simulated particles transport from the DD with a 38 

higher initial particle concentration to the RD with a lower initial particle concentration.  39 

This simulation aims to describe the diffusion behavior of protein molecules under practical 40 

microfluidics experimental conditions. However, due to the limit of computational power, the 41 

simulation geometry is unable to be fully in accordance with the practical geometrical dimension of 42 

the microfluidics device at full-time scale. Instead, a simplified simulation is conducted at a down-43 

scaled geometry and a simulation period up to a few microseconds is performed. This period of 44 

simulation corresponds to the starting diffusion period under the working microfluidics experimental 45 

condition.  46 

In the case of 0 vs X mg/ml (here X stands for the initial particle concentration in DD), “Bounce” wall 47 

condition is applied as the boundary condition except for the wall at the end of the RD domain (the 48 

wall at the left end), where a “Pass Through” wall condition is applied. As to the “Bounce” wall 49 

condition, the particles are reflected from the wall with conserving momentum. As to the “Pass 50 

Through” wall condition, the particles pass the boundary and disappear in the simulation. The 51 

dimensions of the DD and RD are 2000 x 300 x 70 nm (L x W x H) respectively. 52 

In the case of simulating particle diffusion at X1 vs X2 mg/ml (here X1 and X2 are non-zero values and 53 

stand for the initial particle concentration in the RD and DD respectively): “Bounce” wall condition is 54 

applied as the boundary wall condition. The dimensions of the DD and RD are 4000 x 300 x 70 nm (L x 55 

W x H) respectively.  56 

The density and diameter of the particles are set at 1120 kg/m3 (based on the density of lysozyme 57 

solutions (1)) and 4 nm, respectively. The particle number concentration is calculated based on the 58 

mass concentration and molecular weight of lysozyme (14.3 kDa).  59 



The particle transport from DD to RD (obtained from the simulation) is used to represent the particle 60 

transport in the case of full geometry.  61 

  62 



 63 

Figure S3. Particle tracing simulation results: concentration profiles as function of time *. 64 

*  Explanations later.  65 

  66 



 67 

Figure S4. Size-exclusion chromatogram of BSA obtained from the supplier, and the BSA monomer 68 

separated and collected via preparative size-exclusion chromatography (SEC). The monomeric BSA 69 

was separated using a Discovery BIO Gel Filtration column (Sigma–Aldrich, St. Louis, USA) with the 70 

LC-20AT LC pump and FRC-10A fraction collector (Shimadzu, Tokyo, Japan). Chromatograms were 71 

recorded with an SPD-20AV UV-Vis detector (Shimadzu, Tokyo, Japan) at a wavelength of 280 nm. 72 

The BSA obtained from the supplier was dissolved in PB (10 mM, pH 7.2) and applied onto the 73 

column at a flowrate of 0.5 ml/min. The collected monomeric BSA fraction was stored at room 74 

temperature for 24 h, remeasured by SEC and shown to maintain its monomeric character. The 75 

diffusion coefficient of the collected monomeric BSA was measured by H-cell microfluidics within 24 76 

h.  77 

 78 

 79 
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Table S1. Particle tracing simulation results *. 86 

Simulation conditions Slope of 𝑪𝒕 𝑪𝟎

𝑪𝟏 𝑪𝒕
 as a function of t 

 Acetate buffer 
(pH 4.2) 

Phosphate buffer  
(pH 7.2) 

0 vs 2 mg/ml protein; 10 mM buffer 7.6 7.3 
0 vs 10 mg/ml protein; 10 mM buffer 82.1 8.8 
2 vs 4 mg/ml protein; 10 mM buffer 81.2 12.6 
4 vs 6 mg/ml protein; 10 mM buffer 105.4 15.6 

0 vs 2 mg/ml protein; 100 mM buffer 2.9 6.3 

0 vs 10 mg/ml protein; 100 mM buffer 4.3 3.4 
 87 

*   Ct represents the particle concentration in the receiver fluid domain at time t, C0 the initial particle 88 

concentration in the receiver fluid domain, and C1 the initial particle concentration in the donor fluid 89 

domain. The slope of  as a function of t represents the diffusion rate; the higher the slope value, 90 

the faster the particles diffuse. The slope is calculated by a linear trend line function (Excel 2016) 91 

with the y-intercept set to 0. These simulations are used to describe the diffusion behavior of 92 

charged particles between the two domains at the starting period (up to a few microseconds).  93 

  94 



Table S2. The average recovery of the proteins in the streams passing through the H-cell, the 95 

standard deviation of triplicated measurements and the error of the calibration curve.  Lysozyme (LYS) 96 

was tested in water, NaCl solution, PB (10 mM, pH 7.2) and AC (10 mM, pH 4.2) while the other 97 

proteins were measured in neutral PB medium (10mM, pH 7.2; except for etanercept in placebo 98 

buffer). Recoveries of about 100% are achieved for all proteins. In water, LYS shows a recovery of 99 

about 97% - 108%. The value higher than 100% is assumed to be due to the error given by the 100 

calibration curve for concentration determination. An error analysis of the calibration curve is also 101 

displayed. The recovery of LYS is not much influenced by the ionic strength and pH. For the other 102 

proteins, the recoveries also deviate slightly from 100%.  103 

 104 

Protein Medium 
RS vs DS 
(mg/ml) 

Average 
recovery 

Standard 
Deviation 

Error of 
calibration curve 

LYS H2O 0 vs 2 96.7% 1.3% 1.8% 

LYS H2O 0 vs 5 108.4% 0.3% 5.5% 

LYS H2O 0 vs 10 103.4% 6.3% 4.6% 

LYS NaCl solution (10 mM) 0 vs 2 103.8% 3.3% 1.7% 

LYS NaCl solution (0.5 M) 0 vs 2 103.1% 1.2% 0.9% 

LYS NaCl solution (1 M) 0 vs 2 99.0% 0.6% 1.7% 

LYS PB (10mM pH7.2) 0 vs 2 109.1% 5.5% 3.1% 

LYS AC (10mM pH4.2) 0 vs 2 105.9% 2.1% 3.0% 

CC PB (10mM pH7.2) 0 vs 2 98.7% 4.3% 1.0% 

MYO PB (10mM pH7.2) 0 vs 2 107.1% 0.4% 5.0% 

OVA PB (10mM pH7.2) 0 vs 2 99.5% 1.7% 2.3% 

BSA PB (10mM pH7.2) 0 vs 2 103.1% 0.4% 0.9% 

etanercept Enbrel placebo buffer 0 vs 2 101.9% 2.8% 5.7% 

  105 
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