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Figure S1. Time-resolved DLS measurement for determining the change in the size of pSi-based oral IgA2 formulations. 
Box-Whisker plots representing time-resolved measurements of particle size (from DLS peak positions) for different pSi-
based IgA2 formulations. (a) Uncoated pSi particles at the time points and for the elution media indicated. (b) Eudragit® 
L100-coated pSi particles. (c) Eudragit® S100-coated pSi particles. The whiskers represent the range of particle sizes 
present in each experiment, whereas the red data points correspond to the peak value in the DLS data. Two red data 
points indicate the presence of two peaks in the DLS measurement (i.e., a bi-modal particle size distribution). The "0 hr" 
time point in the DLS measurements were made using water (at pH 3) as a dispersion medium. All pSi particle formulations 
used here were loaded with IgA2 antibody as described in the text. Temperature throughout all experiments was 
maintained at 37 °C. 

  



 

 

Figure S2. IgA2 release from Eudragit® L100-coated pSi formulation into PBS solution. In vitro temporal release data 
showing total protein released, total active IgA2 antibody released, and % Si dissolved from the Eudragit® L100-coated pSi 
formulation.  The first 2 h of incubation was carried out in simulated gastric fluid (SGF, pH = 1.2) at pH 1.2, and it showed 
minimal quantities of IgA2 released.  At the 2 h time point, the eluent solution was changed to phosphate buffered saline 
(PBS, pH = 7.4), and 60 % of the total IgA2 loaded into the polymer was released into solution in the ensuing 3 h. Of the 
IgA2 released in this time period, approximately 20 % of its activity was retained. Approximately 30 % of the silicon present 
in the formulation was released into the eluents during the 5 h release period. Total protein measured by BCA assay, total 
active IgA2 antibody measured by ELISA, and % Si present in solution measured by molybdenum blue assay. 

  



 

Figure S3. In vitro evaluation of the effect of the vacuum drying procedure on re-dispersibility and activity of IgA2.  A 
solution of IgA2 in each of the indicated buffers (PBS, FasSIF, and SGF) was vacuum dried and then re-dissolved in the 
same buffer (PBS, FasSIF, or SGF) and the total amount of recovered protein (“Total IgA2”) and its activity (“Active IgA2”) 
were quantified by BCA assay and by HIV neutralization assay, respectively, as described in the text. 

  



 

 

Figure S4. In-vitro temporal release curves comparing IgA2 released from Eudragit® L30 D-55-coated pSi formulation (a) 
and from pure Eudragit® L30 D-55 control (b). The test materials were placed in SGF for 2 h and then into fasting state 
simulated intestinal fluid (FasSIF) for an additional 3 h. Total and active IgA2 released, and % Si dissolved are presented.  
Total protein measured by BCA assay, total active IgA2 antibody measured by ELISA, and % Si present in solution measured 
by molybdenum blue assay. 

  



 

 

Figure S5. Photographs illustrating optimization coating of Eudragit® enteric polymer on gelatin capsules. The indicator 
dye rhodamine 6G was loaded inside gelatin capsules and these were then either coated with Eudragit® S100 or left 
uncoated and placed in the indicated solutions for the indicated periods of time.  Top row: uncoated gelatin capsules 
placed in simulated gastric fluid (SGF).  Middle row: Eudragit® L100-coated capsules placed in SGF for 2 h and then into 
fasting state simulated intestinal fluid (FasSIF) for an additional 3 h.  Bottom row: Eudragit® L100-coated capsules placed 
in SGF for 2 h and then into phosphate buffered saline (PBS) solution for an additional 3 h. 

  



 

Figure S6. IgA2 released from Eudragit® L100 coated gelatin capsule into SGF and then into PBS. Percent of total and 
micrograms of IgA2 released from size 4 gelatin capsule packed with IgA2-loaded pSi particles. The plot shows total IgA2 
and active IgA2 released from the capsule over a period of 5 h; the first 2 h in SGF and remaining 3 h in PBS. 70 % of the 
total loaded IgA2 was released during the 3 h period in PBS and 55 % of the released IgA2 retained its activity. Total protein 
measured by BCA assay, total active IgA2 antibody measured by ELISA, and % Si present in solution measured by 
molybdenum blue assay. 

  



Table S1. Oral protein delivery systems reported in the literature, comparing mass loading of drug, loading efficiency, 
activity of drug upon release, and percentage released in a 3h time period in SIF or PBS. 

Protein Carrier 
type 

Mass 
loading (%) 

Loading 
efficiency (%) 

% activity % Release in 3h 
in SIF or PBS 

Ref 

IgA2 Eudragit® - 
coated pSi 

30-41 55-60 21-54 55-75 This work 

Insulin Liposome 0.05-0.07* 45-66 n. g. 5-30 1 

Insulin Liposome 5.0-13.0 5-40 n. g. n. g. 2 

Insulin Liposome 1.5* 40-45 5.5** n. g. 3 

Insulin Liposome n. g. 25-67 5-7** 60-80 4 

Insulin Liposome 19.0 >95 n. g. 15-50 5 

Insulin Liposome 3.2 76 13** 100 6 

Insulin Liposome 1.5-2.0 85 n. g. n. g. 7 

Salmon 
calcitonin  

Liposome 1.9-2.2 59 13** 50-60 8 

Salmon 
calcitonin 

Chitosan-
Liposome 

n. g. 30-90 n. g. 25-30 9 

Lysozyme Liposome 1.5-3.5 22-50 n. g. 10-95 10 

Ovalbumin PEG-PLGA 7.7-12.5 39-63 37-74** 12 11 

Salmon 
calcitonin  

PLGA NPs 0.6-2.7 11-95 3** n. g. 12 

Insulin PEG-Acrylic 
copolymer 

7 n. g. n. g. 100 13 

Insulin PLGA n. g. 85-95 7** 40-60 14 

Insulin PLGA 2.5-3.5 65 6 60-70 15 

IgG Silica 39.3 n. g. n. g. n. g. 16 

Insulin Chitosan-pSi 23.8 n. g. n. g. n. g. 17 

Insulin Thiolated-pSi 20 59 4-6 40 18 

Ovalbumin Functionalized 
Silica 

19-64 60-70 n. g. 15-30 
20-40# 

19 

Insulin Polymer-Cp1-
11 peptide 
composite 

24-28 85-90 60 30-35 20 

Note: SIF is Simulated Gastric fluid and PBS is Phosphate buffer saline  
* Calculated based on initial mass provided in the article, ** Bioavailability, ‘n. g.’ is “not given”, and # % payload released 
in SIF 
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