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Supplementary Table S1: Fermentation media 

Sr. No. Name of the component Quantity (g/L) 

1 Yeast Extract 10 

2 Peptone 20 

3 YNB 13.4 

4 1 M Phosphate buffer pH 6 100ml/L 

5 Glycerol 10 ml/L 

6 Biotin 0.02% 4 ml/L 

 

 



Supplementary Table S2: Fermentation dosing solutions 

Sr. 
No. Name of the component Remark 

1 50 % ammonia solution (alkali) for maintaining pH 

2 10% Ortho Phosphoric Acid solution (acid) for maintaining pH 

3 10% antifoam solution to prevent the formation 
of foam 

4 50% glycerol solution as substrate feed as substrate feed 

5 50% sorbitol as induction feed as induction feed 

 

 

Supplementary Table S3: Fermentation parameters 

Sr. No. Parameter Setpoint Mode 

 Shake Flask -1 parameter (100 mL) 

1 Temperature 25 °C Controlled 

2 Agitation (RPM) 300  Controlled 

3 Harvest OD at 600 nm 5 to 15  Process output 

 Shake Flask -2 parameter (4 L) 

1 Temperature 25 °C Controlled 

2 Agitation (RPM) 300  Controlled 

3 Harvest OD at 600 nm 5 to 15  Process output 

 Seed fermentation parameter (170 L) 

1 Temperature 25 °C Controlled 

2 pH 6.5 ± 0.1 Controlled 

3 Aeration (SLPM) 75 -120  
Cascade mode with set 

point of DO 25% in 
controlled mode 

4 OHP (bar) 0.2 – 1.0  

5 Agitation (RPM) 100 - 600  

6 Harvest OD at 600 nm 25 to 30  Process output 

 Production fermentation parameter (1200 L) 

1 Temperature 25 °C Controlled 



2 pH 6.5 ± 0.1 Controlled 

3 Aeration (SLPM) 450 to 550 
Cascade mode with set 

point of DO 25% in 
controlled mode 

4 OHP (bar) 0.2 to 1 

5 Agitation (RPM) 56 to 210 

6 Harvest OD at 600 nm ≥40 AU Process output 

 

Supplementary Table S4: LC-MS-based peptide mapping 

 



 

 
 

 

 

 

 

 



Supplementary Table S5: Identified Glycans from Sample Batch No. 12681T002 

 
 

 

 

 

 

 

 

 

 

 



 

Supplementary Table S6: Identified Glycans from Sample Batch No. 12681T003 

 
 

  

 



Supplementary Table S7: Identified Glycans from Sample Batch No. 12681T004 

 
 

 

 

 

 

 

 



Supplementary Table S8: Identified Glycans from Sample Batch No. 12681T005 

 
 

 

 

  

 

 

 

 



Supplementary Table S9: Batch release summary 

Test Name 
Specification/ 
Acceptance 

Criteria 
Unit 

Batch No. 

12681T002 12681T003 12681T004 12681T005 

Appearance 

Clear Colourless to 
yellowish solution 
free from visible 

particles 

NA 

Clear 
Colourless 

solution free 
from visible 

particles 

Clear 
Colourless 

solution free 
from visible 

particles 

Clear 
Colourless 

solution free 
from visible 

particles 

Clear 
Colourless 

solution free 
from visible 

particles 

pH 7.00 -8.00 NA 7.17 7.26 7.2 7.22 

Identity By 
ELISA 

Positive Reaction 
for RBD Spytag 
with anti-RBD 

Antibody In ELISA 

NA 

Positive 
reaction for 
RBD Spytag 

with anti-RBD 
Antibody In 

ELISA 

Positive 
reaction for 
RBD Spytag 

with anti-RBD 
Antibody In 

ELISA 

Positive 
reaction for 
RBD Spytag 

with anti-RBD 
Antibody In 

ELISA 

Positive 
reaction for 
RBD Spytag 

with anti-RBD 
Antibody In 

ELISA 

Purity By 
SDS -PAGE Not less than 90% % 99.81 100 100 100 

Purity By 
HPLC 

Not Less than 90 
% % 100 100 100 100 

Identity By 
SDS PAGE 

and Western 
Blotting 

Molecular weight of 
main band should 
not be less than 24 

kDa and band 
should be identified 

by western Blot 

NA 

Molecular 
weight of 

main band is 
32.18 kDa 

and band is 
identified 

Molecular 
weight of 

main band is 
27.07 kDa 

and band is 
identified 

Molecular 
weight of main 
band is 27.31 
kDa and band 

is identified 

Molecular 
weight of 

main is 27.67 
kDa and 
band is 

identified 

Protein 
Content 

Not less than 10 
mg/mL mg/mL 13.48 16.78 15.01 13.29 

Endotoxin 
Content 

Less than or equal 
to 4 EU/MCG 

Protein 

EU/µG 
Protein <0.05 <0.05 <0.05 <0.05 

Antigenic 
Ratio Not less than 0.700 NA 0.928 0.973 1.016 1.341 

Antigenic 
Content 

Not less than 7 
mg/mL mg/mL 12.51 16.33 15.25 17.82 

Bioburden Less than or equal 
to 10CFU/10ml CFU/10mL 0 0 0 0 

Host Cell 
Protein 
(HCP) 
content 

Less than or equal 
to 5% of Protein % 0.01 0.01 0.01 0.01 

Host cell 
DNA (HCD) 

Content 

Less than or equal 
to 1Ng/MCG of 

Protein 
ng/ µg 0.1 0.08 0.09 0.07 

 

 

 

 



 

Supplementary Figure S1. Mixed-mode chromatography (B. No. 
12680T002) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Supplementary Figure S2. Mixed-mode chromatography (B. No. 
12680T003) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Supplementary Figure S3. Mixed-mode chromatography (B. No. 
12680T004) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Supplementary Figure S4. Mixed-mode chromatography (B. No. 
12680T005) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
Supplementary Figure S5. Hydrophobic Interaction chromatography (B. 
No. 12680T002) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Supplementary Figure S6. Hydrophobic Interaction chromatography (B. 
No. 12680T003) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Supplementary Figure S7. Hydrophobic Interaction chromatography (B. 
No. 12680T004) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
Figure S8. Hydrophobic Interaction chromatography (B. No. 12680T005) 

 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

Supplementary Figure S9: Theoretical Construct of Di-Sulfide linked peptides that can 
be obtained upon Trypsin digestion of the protein at C terminal Arginine and lysine 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure S10 m/z spectrum of Di-Sulfide linked peptides obtained from 
B. No. 12681T002 

 

 

Arrangement of disulfide linkage in RBD protein  



 

 

Supplementary Figure S11 m/z spectrum of Di-Sulfide linked peptides obtained from 
B. No. 12681T003 

 

 

Supplementary Figure S12 m/z spectrum of Di-Sulfide linked peptides obtained from 
B. No. 12681T004 

 

 

Supplementary Figure S13 m/z spectrum of Di-Sulfide linked peptides obtained from 
B. No. 12681T005 

 



26682.7 10 Dalton 
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Figure S14. Deconvoluted Molecular Mass of 'RBD SARS-CoV2 Ag with 
Spytag’ (B. No. 12680T002) 

Glycosylated Reducing Conditions Deglycosylated Reducing 
Conditions 

 

 

 

 

 

 

 

 

 

Figure S15. Deconvoluted Molecular Mass of 'RBD SARS-CoV2 Ag with 
Spytag’ (B. No. 12680T003) 

Glycosylated Reducing Conditions Deglycosylated Reducing  
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Figure S16: Sequence details of RBD construct: 

(Reference: Neil, C. Dalvie.; et al. Scalable, Methanol-Free Manufacturing of the SARS-CoV-2 
Receptor-Binding Domain in Engineered Komagataella Phaffii. Biotechnology and Bioengineering 
2022, 119,2,657–62) 
Amino Acid Sequence: 

MRFPSIFTAVLFAASSALAAPVNTTTEDETAQIPAEAVIGYSDLEGDFDVAVLPFSNS

TNNGLLFINTTIASIAAKEEGVSLEKRITNLCPFGEVFNATRFASVYAWNRKRISNCV

ADYSVLYNSASFSTFKCYGVSPTKLNDLCFTNVYADSFVIRGDEVRQIAPGQTGKIA

DYNYKLPDDFTGCVIAWNSNNLDSKVGGNYNYLYRLFRKSNLKPFERDISTEIYQA

GSTPCNGVEGFNCYFPLQSYGFQPTNGVGYQPYRVVVLSFELLHAPATVCGPKKS

TGGDGGDGGDGGAHIVMVDAYKPTK 

Signal Peptide RBD protein Linker Spy tag 
 
Figure S17. Expression Construct scheme and strain information:  

Details:  L1 to L2:pAOX1 promoter. 

              L2 to L3: RBD_linker_ spy tag 
              L3 to L4: AOX1_TT 
              L4 to L5: pTEF Promoter 
              L5 to L6:Em7 promoter, Zeocin Resistance 
              L6: CYC1 terminator 
              L-7 to L-8: pUC origin of replication 
              L-8 to L1:pAOX1 promoter. 

 
 
Strain Information:  
Strain S-380 is derived from base strain NRRL Y-11430 with genomic modification, 
which has been reported before. 



Strain Information RNA sequencing data is available in the NCBI Gene Expression 
Omnibus, accession GSE183408 
(GSE183408_phaffi_transcripts_plusTransgenes011021.fa.gz) 
 


