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Figure S1. Recombinant S2 protein (rS2) production. (A) PCR amplicon of SARS-CoV-2 S2-

coding sequence (s2, 1700 bp). (B) Western blot patterns of rS2 proteins (arrowhead) produced 
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by s2-pTriEx1.1-transformed NiCo21 (DE3) E. coli clones 1-5, respectively. In the Western 

blot analysis, the proteins separated by SDS-PAGE were probed with a mouse anti-His 

antibody.  (C) SDS-PAGE-separated purified rS2 protein after CBB staining (∼66 kDa, lane 1, 

arrowhead). (D) Purity assessment of the rS2 preparation. SDS-PAGE lane 1 was analyzed 

using FIJI to quantify band intensities corresponding to four major peaks. Peak 2 corresponds 

to the target rS2 protein and accounts for the highest proportion of total band intensity, 

indicating high purity of the purified fraction. The relative densitometric profiles for peaks 1–

4 are shown to the right. Lanes M of (B), (C), and (D) are protein standard markers, and 

numbers on the left of both panels are protein masses in kDa. (E) CD Spectrum comparison of 

rS2 and S2 (PDB; 8FDW). (F) Spectral similarity plot between rS2 and S2 (PDB; 8FDW). The 

unprocessed gels of (B) and (C) are shown in Figure S2. 
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Figure S2. The original unprocessed gels, blot, and SDS-PAGE relative to Figure S1A-S1C. 
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Figure S3. Preparation of rS2-bound HuscFvs. (A) Examples of huscfv amplicons from 

HB2151 E. coli clones that were infected by rS2-bound phages. (B) Examples of Western blot 

patterns of HuscFv proteins (arrowhead) expressed by the huscfv-positive E. coli clones. (C) 

Purified HuscFv39 (lane 1, arrowhead); lane M, protein molecular mass marker in kDa. (D) 

The unprocessed gel of Figure S3C. 
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Table S1. Densitometric quantification of SDS-PAGE peaks analysed by FIJI program to 

verify purity of recombinant S2 protein (Peak 2). SDS-PAGE gel bands (Figure S1D) 

corresponding to protein peaks were quantified using FIJI. The area of each peak was measured 

and expressed as a percentage of the total lane intensity. Peak 2, corresponding to the 

recombinant S2 (rS2) protein, accounted for 84.9% of the total protein content, confirming 

high-purity purification. Values for all detected peaks are shown, including Peak 1 (7.4%), 

Peak 3 (4.4%), and Peak 4 (3.3%), with a total intensity of 39,078.499 arbitrary units. 

Peak Area % 
1 2894.418 7.4 

2 (rS2) 33172.208 84.9 
3 1735.861 4.4 
4 1276.012 3.3 

Total 39078.499 100 
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Table S2 Interacting residues and corresponding domains identified between prefusion 

trimeric coronavirus spike (S) proteins and HuscFv39. 

SARS-CoV-2 trimeric S protein 
 

HuscFv39 
 Interaction 

Chain Residue Domain Residue Domain 

B    K795 FP 
 

S165 VL-CDR1 
 

Hydrogen 

B    S803 FP 
 

S165 VL-CDR1 
 

3× Hydrogen 

B D921* HR1  Y100 VH-CDR3  Cation-π 

B D921* HR1  F101 VH-CDR3  Cation-π 

B L922* HR1  Y100 VH-CDR3  Hydrophobic 

B    A924 HR1  F101 VH-CDR3  Hydrophobic 

B K933* HR1 
 

D57 VH-CDR1 
 

Hydrogen, 2× Salt Bridge 

B D936* HR1  R50 VH-FR2  Hydrogen, 3× Salt Bridge 

HCoV-229E trimeric S protein 
 

HuscFv39 
 Interaction 

Chain Residue Domain Residue Domain 

C  V578* S1/S2 site  F101 VH-CDR3  Hydrophobic 

C  A580* S1/S2 site  F101 VH-CDR3  Hydrophobic 

C  A580* S1/S2 site  A102 VH-CDR3  Hydrophobic 

B S665 FP  Q65 VH-FR3  Hydrogen 

B L761 S2  F101 VH-CDR3  Hydrophobic 

B L761 S2  A102 VH-CDR3  Hydrophobic 

B V765 S2  L234 VL-CDR3  Hydrophobic 

B I767 S2  F101 VH-CDR3  Hydrophobic 

B P768 S2  I59 VH-FR2  Hydrophobic 

B P768 S2  F101 VH-CDR3  Hydrophobic 

B S770 S2  D57 VH-CDR1  Hydrogen 

B L771 S2  F101 VH-CDR3  Hydrophobic 

C Q956 S2  S165 VL-CDR1  Hydrogen 

PEDV trimeric S protein 
 

HuscFv39 
 Interaction 

Chain Residue Domain Residue Domain 

A I864 FP  Y168 VL-CDR1  Hydrophobic 

A F896 IFP  Y170 VL-CDR1  Hydrophobic, π parallel 

A D899 IFP 
 

H164 VL-CDR1 
 

Hydrogen Bond, 3× Salt Bridge   

A E1001* HR1 
 

Y100 VH-CDR3 
 

Hydrogen 

A S1005* HR1 
 

S31 VH-CDR1 
 

Hydrogen 

A I1007* HR1  F101 VH-CDR3  Hydrophobic 
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A N1009* HR1 
 

Q33 VH-CDR1 
 

Hydrogen 

A E1015* HR1  R50 VH-FR2  Salt bridge 

A E1015* HR1 
 

N103 VH-CDR3 
 

2× Hydrogen 

A S1016* HR1 
 

R50 VH-FR2 
 

Hydrogen 

A V1017* HR1  I59 VH-FR3  Hydrophobic 

A A1020* HR1 
 

T58 VH-CDR2 
 

Hydrogen 

A A1020 HR1 
 

I59 VH-FR3 
 

Hydrophobic 

A S1022 HR1 
 

S55 VH-CDR3 
 

Hydrogen 

A S1022 HR1 
 

D57 VH-CDR3 
 

2×Hydrogen  

A S1025 HR1  D57 VH-CDR3  2× Hydrogen 

IBV trimeric S protein 
 

HuscFv39 
 Interaction 

Chain Residue Domain Residue Domain 

A S671* FP  D54 VH-CDR2  2× Hydrogen  

A T672* FP  D54 VH-CDR2  2× Hydrogen 

A G673* FP  N52 VH-CDR2  Hydrogen 

A G673* FP  D54 VH-CDR2  Hydrogen 

A  L679* FP  F101 VH-CDR3  Hydrophobic 

A  L681* FP  F101 VH-CDR3  Hydrophobic 

A P684 S2  Y32 VH-CDR1  Hydrophobic 

A S685 S2  S31 VH-CDR1  Hydrogen 

A P687 S2  Y100 VH-CDR3  Hydrophobic 

A P687 S2  A102 VH-CDR3  Hydrophobic 

A P687 S2  W104 VH-CDR3  Hydrophobic 

A F692 IFP  A102 VH-CDR3  Hydrophobic 

A  F692∗ IFP  Y170 VL-CDR1  Hydrophobic 

A  D695∗ IFP  H164 VL-CDR1  2× Salt bridge 

A D695 IFP  N166 VL-CDR1  Hydrogen 

PDCoV trimeric S protein 
 

HuscFv39 
 Interaction 

Chain Residue Domain Residue Domain 

A S663* FP  Y100 VH-CDR3  Hydrogen 

A S664* FP  Y100 VH-CDR3  3× Hydrogen 

A A675* IFP  Y100 VH-CDR3  Hydrophobic 

A A675* IFP  W104 VH-CDR3  Hydrophobic 

A D678* IFP  K191 VL-FR3  Hydrogen, 2× Salt bridge 

A F681* IFP  N166 VL-CDR1  Hydrogen 

A N682* IFP  H164 VL-CDR1  Hydrogen 
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A N682* IFP  N166 VL-CDR1  Hydrogen 

A K683 IFP  Y170 VL-CDR1  Cation-π 

A K683 IFP  Y229 VL-CDR3  Cation–π 

A V685* IFP  N166 VL-CDR1  Hydrogen 

A     T686 IFP  S165 VL-CDR1  2× Hydrogen 

A S687* IFP  N166 VL-CDR1  2× Hydrogen 

A E780 HR1  T28 VH-CDR1  2× Hydrogen 

A Q784 HR1  T30 VH-CDR1  Hydrogen 

A Q784 HR1  S31 VH-CDR1  Hydrogen 

A Q784 HR1  D54 VH-CDR2  Hydrogen 

A N788 HR1  D54 VH-CDR2  Hydrogen 

A L791 HR1  F101 VH-CDR3  Hydrophobic 

A L791 HR1  A101 VH-CDR3  Hydrophobic 

A S794 HR1  F101 VH-CDR3  Hydrogen 

A S794 HR1  N103 VH-CDR3  2× Hydrogen 
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IBV trimeric S protein 
 

HuscFv39 
 Interaction 

Chain Residue Domain Residue Domain 
A I539 S2  P233 VL-CDR3  Hydrophobic 
A E541 S2  S231 VL-CDR3  Hydrogen Bond 
A E541 S2  S232 VL-CDR3  Hydrogen Bond 
A N542 S2  R50 VH-FR2  Hydrogen Bond 
A N542 S2  N52 VH-CDR2  Hydrogen Bond 
A Y548 S2  H164 VL-CDR1  Hydrogen Bond 
A K557 S2  G230 VL-CDR3  Hydrogen Bond 
A K557 S2  S231 VL-CDR3  Hydrogen Bond 
A K557 S2  S232 VL-CDR3  Hydrogen Bond 
A P567 S2  S55 VH-CDR2  Hydrogen Bond 
A K568 S2  D54 VH-CDR2  Hydrogen Bond 
A K568 S2  F101 VH-CDR3  Hydrophobic, Pi-Cation 
A Q569 S2  D54 VH-CDR2  Hydrogen Bond 
A K802 HR1  Y32 VH-CDR1  Hydrogen Bond 
A K802 HR1  Y100 VH-CDR3  Hydrogen Bond 
A K802 HR1  D106 VH-CDR3  Electrostatic 

A E809 HR1  K191 VL-FR3  
Salt Bridge, 
Electrostatic 

A R812 HR1  H164 VL-CDR1  Hydrogen Bond 
A R812 HR1  N166 VL-CDR1  Hydrogen Bond 

A R812 HR1  D188 VL-CDR2  
Salt Bridge, 
Electrostatic 

PDCoV trimeric S protein 
 

HuscFv39 
 Interaction 

Chain Residue Domain Residue Domain 
A K683 IFP  T30 VH-CDR1  Hydrogen Bond 

A K683 IFP  D54 VH-CDR2  

Salt Bridge, 
Electrostatic 

A K683 IFP  F101 VH-CDR3  Hydrophobic 
A D707 S2  S165 VL-CDR1  Hydrogen Bond 
A V709 S2  H164 VL-CDR1  Hydrophobic 
A S795 HR1  T30 VH-CDR1  Hydrogen Bond 
A S795 HR1  S31 VH-CDR1  Hydrogen Bond 
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