
 

  

 

 

  

Supplemental Figure S1. Adsorption of mucin on the surfaces of 100 nm MAP and MIP. 
Unbound protein following a 30-minute incubation of nanoparticles (0.001 mg/mL), including 
MAP and MIP, in a mucin solution (0.01 mg/mL) was quantified. Data represent the mean ± 
SEM and are labeled as significant (N = 3, ****p < 0.0001, one-way ANOVA).  



 

 

  

Supplemental Figure S2. Logarithmic median MSD of MIP probes in spontaneously 

expectorated sputum from non-COPD smokers and COPD patients stratified for COPD 

severity based on spirometric pulmonary function measurements. Microstructural analysis 

of different patient groups by different MIP particle diameters of (A) 100 nm, (B) 300 nm and (C) 

500 nm. All data represent N ≥ 3 sputum samples. Data represented as mean ± SEM. Data 

labeled as statistically significant (*p < 0.05, Kruskal-Wallis test).   
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Supplemental Figure S3. Comparison between size-corrected MSD in spontaneously 

expectorated sputum from non-COPD smokers and COPD patients stratified for COPD 

severity based on spirometric pulmonary function measurements. Quantification of Median 

MSD multiplied by particle radius in (A) Smoker, (B) mCOPD and (C) sCOPD groups. MIP 

experienced similar microstructure regardless of particle diameter and did not show statistical 

differences. All data represents N ≥ 3 sputum samples with at least 500 particles tracked per 

sample. Data represented as mean ± SEM. 
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Supplemental Figure S4. Diffusion of differently sized MAP in spontaneously 
expectorated sputum from non-COPD smokers and COPD patients stratified for 
COPD severity based on spirometric pulmonary function measurements. Subjects 
are categorized into one of the three groups: non-COPD cigarette smokers (Smoker), 
mild COPD (mCOPD), and severe COPD (sCOPD). Distribution of the log10(MSDτ=1s) of 
individual MAP with particle sizes of: (A) 100 nm, (B) 300 nm, and (C) 500 nm. Data 
represents N ≥ 5 sputum samples with at least 500 particles tracked. The median of the 
distribution of log10(MSDτ=1s) for each set is indicated by the dashed line. Black bar 
represents values below tracking resolution. 
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Supplemental Figure S5. Logarithmic median MSD of MAP probes in spontaneously 

expectorated sputum from non-COPD smokers and COPD patients stratified for COPD 

severity based on spirometric pulmonary function measurements. Quantification of 

log10(median MSDτ=1s) in different patient groups by MAP probes of (A) 100 nm, (B) 300 nm and 

(C) 500 nm particle diameters. All data represent N ≥ 3 sputum samples. Data represented as 

mean ± SEM. Data labeled as statistically significant (*p < 0.05, Kruskal-Wallis test).   
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Supplemental Figure S6. Distribution of pore sizes derived from MSD of 100 nm of 
MIP in spontaneously expectorated sputum from non-COPD smoker and COPD 
patients stratified for COPD severity based on spirometric pulmonary function 
measurement. Mesh pore sizes of COPD sputum were calculated by MSD values and 
the obstruction-scaling model as previously described [1]. Data represents N ≥ 5 sputum 
samples with at least 500 particles tracked. Black bar represents values based on MSD 
below tracking resolution. 
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