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Procedures for construction of the expression plasmid for FKBP12-TM-mApple 

The expression plasmid for FKBP12-TM-mApple in mammalian cells was constructed using 

pBCCP-TM-mApple prepared in the previous study [1] and pmCheery-FKBP12 obtained from 

Addgene (Addgene plasmid # 67900) [2]. The desired plasmid was constructed by replacing 

the gene of BCCP in pBCCP-TM-mApple with that of FKBP12 in pmCheery-FKBP12. For 

this purpose, the upstream and downstream restriction enzyme sites of the BCCP gene in 

pBCCP-TM-mApple were first replaced with alternative restriction enzyme sites. Specifically, 

the HindIII site located upstream of the BCCP gene was replaced with the MluI site by inverse 

PCR-based mutagenesis with following primers: 5’- ACGCGTGGTGAAATCCTGTCTCCCA 

TGCAGG-3’ and 5’-TCCTCGATCCTTGTACAGCTTCCTTTGGAAC-3’ (the MluI site is 

underlined). Likewise, the BamHI site located downstream of BCCP gene was replaced with 

the XbaI site by inverse PCR-based mutagenesis with following primers: 5’- 

TCTAGAGGAGGCGCTGTGGGCCAGGAC-3’ and 5’- CTTGATGATGAGGAGCAGATC 

GCCTTTCTTAACG-3’ (the XbaI site is underlined). The resulting plasmid was named 

p(MluI)BCCP(XbaI)-TM-mApple. On the other hand, the FKBP12 gene was amplified by 

PCR using pmCheery-FKBP12 as a template and the following primers: 5’ 

ACGCGTATGGGAGTGCAGGTGGAAACC-3’ and 5’- TCTAGATTCCATTTTTAGAAGC 

TCCACATCG-3’ (MluI and XbaI sites are underlined). Following the attachment of an adenine 

nucleotide to the 3’ end of the PCR product, it was inserted into the pTAC-2 vector, and the 

FKBP12 gene was then cut out from the resulting vector by digestion with MluI/XbaI. The 

obtained fragment was inserted into p(MluI)BCCP(XbaI)-TM-mApple digested with 

MluI/XbaI to give a plasmid, pFKBP12-TM-mApple. 
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Procedures for construction of the expression plasmid for Cys-FRB 

The expression plasmid for Cys-FRB in in Escherichia coli was constructed by modifying the 

FRB gene derived from pEGFP-FRB (Addgene plasmid # 25919) [1]) and inserting it into the 

pET21a vector. Specifically, the FRB gene, in which a codon for a cysteine residue was inserted 

after the initiation codon, was amplified by PCR using pEGFP-FRB as a template and the 

following primers: 5’-ATACATATGTGTATCCTCTGGCATGAGATGTGG-3’ and 5’- 

ATGCTCGAGCTTTGAGATTCGTCGGAACACATG-3’ (NdeI and XhoI sites are underlined 

and the codon for the cysteine residue is shown in bold). The obtained PCR product was 

digested with NdeI/XhoI, and the resulting fragment was inserted into the pET21a vector 

digested with NdeI/XhoI to give a plasmid, pCys-FRB. 
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Fig. S1 Pixel-level representation of the Euclidean distance transform (EDT) used for the radial 

distance calculation. (a) Binary mask of the representative segmented cell. (b) Euclidean 

distance transformation was applied to the binary mask, where each pixel value represents the 

distance to the nearest point from the cell boundary. The pixel-wise EDT values are shown for 

clarity to illustrate how the distances from the cell boundary are quantified prior to 

normalization. 
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Fig. S2 Radial fluorescence intensity profiles of the cells at different Fluo-FRB concentrations. 

Radial profiles of mean fluorescence intensity are shown from cell center to extracellular region 

for Cell IDs 1–6. Each page shows profiles obtained at a different Fluo-FRB concentration (0, 

0.5, 1, 2, 5, 10, and 20 nM). Green solid lines represent the target channel (fluorescein), and 

red dashed lines represent the reference channel (mApple). Profiles from four z-slice images  

(Z001–Z004) are shown for each condition. 
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Fig. S2 (continued) 
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Fig. S2 (continued) 
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Fig. S2 (continued) 
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Fig. S2 (continued) 
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Fig. S2 (continued) 
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Fig. S2 (continued) 
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Fig. S3 Binding curves between FKBP12 and FRB calculated based on the fluorescence 

intensity of the entire cell region. Binding curves were generated on individual cells (Cell IDs 

1, 2, 3, and 5) by plotting the mean fluorescence intensity from the target channel (IT) or the 

ratio (IT/IR) of IT to that from the reference channel (IR) against the Fluo-FRB concentration; 

the former curves are shown in the left column and the latter curves are shown in the right 

column. Each curve was fitted to the Langmuir equation (2). Data points represent mean values 

obtained from four z-slice images for each Fluo-FRB concentration, and the error bars indicate 

standard deviations. Solid lines indicate nonlinear regression fits, and the estimated 

dissociation constants (KD) in nanomolar concentration are shown in each panel. 
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Table S1 Dissociation constants (KD) and fitting statistics obtained using fluorescence 

intensities from the entire cell regiona. 

  IT   IT/IR  

Cell ID KD (nM)b SEb of KD R2b KD (nM)b SEb of KD R2b 

1 2.20 0.80 0.969 1.88 0.38 0.989 

2 3.77 2.90 0.899 2.18 0.29 0.995 

3 1.86 0.74 0.961 1.41 0.32 0.985 

5 13.78 16.20 0.882 2.02 1.41 0.891 

means ± SDc 5.40 ± 5.65   1.87 ± 0.33   

aLangmuir isotherm fitting was performed on a per-cell basis using either the mean 

fluorescence intensity from the target channel (IT) or the ratio (IT/IR) of IT to that from the 

reference channel (IR) as the binding metric. 
bKD values, standard errors of KD, and coefficients of determination (R2) were estimated using 

nonlinear regression analysis of the binding curves shown in Fig. S3. 
cThe means ± standard deviations from data on four cells are shown. 

 


