
Supplementary Table 1. The recovery of VLPs in filtration step from different filter combinations. 1 

*Recovery of VLPs after each filtration step. **Recovery of VLPs after filtration using a combination of 2 

filters comprising of a prefilter followed by 0.45 µm filter. 3 

Pre-
filtration 

Recovery 
of VLPs* 
(%) 

Volume 
passed 
(mL) 

0.45 µm filtration Recovery of 
VLPs (%) 

Volume 
passed 
(mL) 

Final 
recovery** 
(%) 

1.2 µm 98 40 1.2 µm 95 40 94 

8 µm 95 40 8 µm 98 40 93 

20 µm 89 80 20 µm 97 80 86 

 4 

Supplementary Table 2. The absorbance (280 nm) of fractions collected during the gravity-mode Spike-5 

affinity chromatography using AVIPure generation 1 and 2 resins, measured by Nano drop. Abs: 6 

Absorbance, Gen-1 and 2: Generation 1 and 2 resins, FT: Flow-through, W1: First wash, W2: Second wash, 7 

E1: First elution step with 1 mL of elution buffer, E2: Second elution step using 2.5 mL of elution buffer, 8 

E3: Third elution step using 1 mL of elution buffer, Desalt: Desalted E2 fraction, FT-D, Flow-through of 9 

desalting column. 10 

Elution buffer Purification step Fraction Gen-1 Abs (280 nm) Gen-2 Abs (280 nm) 

1M Arginine, 
Bis-Tris 

Spike-affinity 
chromatography 

FT 0.707 0.762 

W1 0.785 0.597 

W2 0.022 0.003 

E1 0.01 0.002 

E2 0.226 0.143 

E3 0.085 0.077 

Desalting 
FT-D -0.011 -0.017 

Desalt 0.146 0.119 

1M MgCl2,  
Bis-Tris 

Spike-affinity 
chromatography 

FT 0.804 0.807 

W1 0.809 0.692 

W2 0.028 0.015 

E1 0.019 0.008 

E2 0.208 0.093 

E3 0.106 0.057 

Desalting 
FT-D 0.01 0.002 

Desalt 0.149 0.066 
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Supplementary Table 3. The recovery of Spike from purification using AVIPure generation 1 and 2 Spike-12 

affinity resins. The Spike content was measured using ELISA. Chr: chromatography; Gen-1 and Gen-2: 13 

Generation 1 and Generation 2 Spike-affinity resins, respectively; E2 and E3: Elution 2 and Elution 3; 14 

Desalted: E2 fraction desalted. Spike content: fraction volume (mL) x Spike concentration per mL (ng/mL). 15 

Resin Chr fraction Elution buffer Spike 
content (ng) 

Step 
recovery (%) 

Recovery of combined 
fractions (%) 

Gen-1 
E2 

1M MgCl2 
3050.3 36.5 

42.8 
E3 525.2 6.3 

Gen-1 

E2 

1M Arginine 

1994 29.8 
37.5 

E3 644 7.7 

Desalted 2650 - 29.2 

Gen-2 

E2 

1M Arginine 

515 28.9 
35.1 

E3 2416 6.2 

Desalted  2217 - 26.5 

 Load - 8357 - - 
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Supplementary Table 4. Recovery of GFP-positive VLPs throughout the purification process. The VLP 17 

count was determined using CytoFLEX. Chr: Chromatography, SEC: Size-exclusion chromatography. 18 

 
Volume 
(mL) 

VLP count 
(VLP/mL) 

Total VLPs 
VLP step 
recovery (%) 

VLP global 
Recovery (%) 

Cell culture harvest 850 9.65E+09 8.20E+12 100 100 

20 µm filtrate 865 9.15E+09 7.91E+12 96 96 

0.45 µm filtrate 880 8.05E+09 7.08E+12 90 86 

Post-Benzonase® 
treatment 

890 7.70E+09 6.85E+12 
97 84 

Spike-affinity chr 
flow-through 

900 3.05E+08 2.74E+11 
4 3 

Spike-affinity chr 
eluate 

7 5.16E+11 3.61E+12 
53 44 

SEC flow-through 14 1.82E+11 2.54E+12 70 31 

 19 
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 22 



Supplementary Fig. 1. Immunogenicity of unadjuvanted Gag-VLP-Spike formulation in mice. C57BL/6 23 

mice were immunized intramuscularly (IM) with Gag-VLP-Spike, alone or in combination with Quil-A (QA) 24 

adjuvant (n = 5/group) on Days 0 and 21. Mice that did not receive any immunization were included as 25 

naive controls. (A) Serum was collected on Day 20 and 28 (7 days post-2nd immunization) and analyzed 26 

by ELISA to measure Spike-specific IgG titers. Bar graphs indicate the geometric mean. (B) Serum collected 27 

on Day 28 (7 days post-2nd immunization) was diluted 75-fold to determine the neutralization activity of 28 

serum antibodies against Spike binding to the ACE2 receptor through the HEK-293T-hACE2 cell-based 29 

SARS CoV-2 Spike-ACE2 binding assay. Bar graphs indicate the mean. (C) Splenocytes were collected on 30 

Day 28 (7 days post-2nd immunization) and analyzed by IFN-γ ELISpot upon stimulation with the PepMix™ 31 

SARS-CoV-2 Spike Glycoprotein peptide library based on the reference strain sequence. Total IFN-γ+ spot-32 

forming cells (SFCs) per mouse are presented with bar graphs indicating the mean. For statistical analyses, 33 

data were analyzed by one-way ANOVA followed by Tukey’s multiple comparisons test. ****p < 0.0001. 34 

 35 


