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SUPPLEMENTARY INFORMATION 

 

Supplementary figures 1-11 

Supplementary References 1-3. 

 

 

 

Supplementary Fig. 1. Uncropped images of panels in the main figure. (a-i) In-gel fluorescence 

images without inverting the colors. The corresponding main figure panel is labeled on top of each 

image. (j-l) Full image of the main figure panels as indicated. Asterisks denote lanes appeared in 

the main figure. 
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Supplementary Fig. 2. Original FSEC profiles for the FSEC-TS assay of fluorecent proteins. (a-c) 

Unnormalized FSEC traces of the indicated fluorecent proteins heated at temperatures shown in 

the dashed box. (d) Superimposable normalized FSEC traces of TGP heated under different 

temperatures. The left part (baseline) of the chromatography is trimmed for all FSEC figures. The 

same color scheme for temperatures (when applicable) was used for different fluorecent proteins, 

as indicated in the dashed boxes. Abbreviations: FSEC, fluorescence-detection size exclusion 

chromatography; FSEC-TS, FSEC-based thermostability assay; GFP, green fluorescent protein; TGP, 

thermostable GFP; Vo, void volume; Vt, total volume. 

 

Related to Fig. 1e.  
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Supplementary Fig. 3. Original FSEC traces for FSEC-TS assays of membrane proteins. (a) msSI. (b) 

PIS. (c) hSI. (d) ttSI. (e) hSI. (f) aaPlsY. For fluoreceent protein-based FSEC-assay, unpurified sample 

were used except for d and e. Color coding for heating temperatures within the same membrane 

protein is the same, as indicated in the dashed boxes. Abbreviations: FSEC, fluorescence-detection 

size exclusion chromatography; FSEC-TS, FSEC-based thermostability assay; GFP, green fluorescent 

protein; TGP, thermostable GFP. 

Related to Fig. 2.  
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Supplementary Fig. 4. FSEC-TS assay of conSI. (a) The FSEC-TS curve of two independent 

experiments. (b, c) The original FSEC traces of conSI. Heating temperatures are indicated in each 

panel with the same color scheme (dashed boxes). conSI was heated in DDM detergent 

supplemented with 20 (w/w)% cholesteryl hemisuccinate (CHS). Consistent with literature that CHS 

generally enhances the stability of membrane proteins, the Tm obtained here was also 24 °C higher 

than what we previously obtained without CHS1. (d) Normalized FSEC profile of conSI treated at 

indicated temperatures. Abbreviations: FSEC, fluorescence-detection size exclusion 

chromatography; FSEC-TS, FSEC-based thermostability assay. 

 

Related to Fig. 2.  
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Supplementary Fig. 5. Sequence alignment of TGP binders. Three CDRs are underlined. Asterisks 

indicate identical residues, while double and single dots refer to highly and modestly conserved 

residues, respectively. Color codes are explained in the figure. Abbreviations: TGP, thermostable 

green fluorescent protein. 

 

 

Related to Fig. 8a.  
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Supplementary Fig. 6. Crystal of TGP-Sb44. Crystals were grown in a sitting drop plate at 20 °C with 

a precipitant solution containing 0.2 M ammonium acetate, 25 %(w/v) polyethylene glycol 3,350, 

and 0.1 M Bis-Tris pH 6.5. Abbreviations: TGP, thermostable green fluorescent protein; sybody, 

synthetic nanobody. 
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Supplementary Fig. 7. Differences and similarities between the binding modes of Sb44-TGP and 

enhancer-GFP. (a) Sb44 binds to TGP at the opposite side of the barrel compared with the enhancer 

to GFP. The structure of Sb44-TGP (6LZ2) was superposed with enhancer-GFP (3K1K)2 via the two 

fluorecent proteins. Circled numbers indicate the 11 -strands of both TGP and GFP. Non-CDR and 

CDRs are colored as indicated. The epitope for Sb44 consists of residues from -strands 2, 4, 5, 6, 

and 9. The epitope for the enhancer consistes of residues from -strands 7-10, with the majority 

from the loop between 8 and 9. (b) The similarities between Sb44 and the enhancer in binding 

to the fluorecent proteins. The structure of Sb44-TGP and enhancer-GFP were aligned based on the 

nanobody scaffold. Sb44 showed a similar concave paratope surface to the enhancer. In addition, 

non-CDR residues participated binding in both structures. (c,d) Separate views of Sb44-TGP and 

enhancer-GFP. Abbreviations: GFP, green fluorescent protein; TGP, thermostable GFP; sybody, 

synthetic nanobody; CDR, complementarity-determing region. 

Related to Fig. 8c.   
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Supplementary Fig. 8. Overview and expanded view of interactions between Sb44 and TGP at 

two different angles. Abbreviations: TGP, thermostable green fluorescent protein; sybody, 

synthetic nanobody. 

 

Related to Fig. 8c.   
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Supplementary Fig. 9. ‘Open-book’ representation of the interacting residues involved in Sb44-

TGP binding. Circled numbers indicate TGP -strands that contain interface residues. Abbreviations: 

TGP, thermostable green fluorescent protein; sybody, synthetic nanobody. 

 

Related to Fig. 9c.  



 11 / 13 

 

 

Supplementary Fig. 10. Overlap of interacting interfaces between the previous TGP structure and 

the current TGP-Sb44 structure. Overview of TGP alone3 (PDB 4TZA) (a) and the TGP-Sb44 structure 

(PDB 6LZ2) (b) with labels for protomers (chains). The two TGP protomers in 6LZ2 assemble at the 

same site as observed in 4TZA but with a different orientation (c), showing an overall similar 

interacting surface (d). Sb44 binds to TGP in 6LZ2 at the same site as PC binds to PA in 4TZA (e) with 

an overlapping surface (f). Residues that are common or unique to each structure are color-coded 

as indicated in the box. Abbreviations: TGP, thermostable green fluorescent protein; sybody, 

synthetic nanobody. 
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Supplementary Fig. 11. Vectors for expression of membrane proteins with a fluorescent protein 

tag. Simplified maps of the expression vectors for the E. coli (a), S. cerevisiae (b), insect cell (c), and 

mammalian system (d). Vector names are labeled at the left corner of each map. A cleavage site 

for the 3C protease was included for all vectors. Promoters were highlighted in italic fonts. A 

polyhistidine tag was included at the C-terminus of fluorescent proteins for purification with 

immobilized metal affinity chromatography. (e) The sequence of the uniformized multi-cloning site 

(MCS) with the restriction enzyme sites labeled above. Abbreviations: TGP, thermostable green 

fluorescent protein; GFP, green fluorescent protein. 
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