Supplementary material to
Automated ExEm-spFRET microscope
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Figure S1. Hardware of the automated ExEm-spFRET microscope: include a wide-field microscope with a motorized cube wheel, a motorized emission filter wheel, and a sCMOS camera. Two exaction cubes are inserted into cube wheel which equipped with a 436/20 nm excitation filter, 455nm dichroic mirror and a 470/20nm excitation filter, 490nm dichroic mirror, respectively. The emission wheel equipped with 470/20 nm, 490/20 nm, 510/20 nm, /530/20 nm, and 550/20 nm emission filters.
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Figure S2. The flowchart of ExEm-spFRET method.
ExEm-spFRET experiment can be summarized as the following steps:
(1) Measure spectral fingerprint: Using donor-only (D) or acceptor-only (A) sample to obtain their corresponding excitation spectra (SEx D or SEx A) and emission spectra (SEm D or SEm A). The donor, acceptor, and sensitized normalized excitation-emission spectral fingerprints (SD, SS, and SA) are calculated according to
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(2) System calibration: Using the donor-acceptor tandem construct sample (with known efficiency (ERef) and concentration ratio (RRef C)) to obtain SRef DA by recording the emission-spectral images with different excitations, then unmixed into the contributions of donor (WD), donor-acceptor sensitization (WS) and acceptor (WA) according to 
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The rk and rQ factors are determined according to 
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Where rQ is quantum yield ratio of acceptor to donor; rK is the ratio of total acceptor absorption to total donor absorption in all excitation wavelengths used.
(3) FRET measurement: Using FRET sample to obtain the excitation-emission spectrum SDA by recording the emission spectral images with different excitations, then unmixed into three contributions (WD, WS, and WA) according to
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Then obtain FRET efficiency normalized to donor concentration (ED) and concentration ratio of acceptor to donor (RC) according to 
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Figuer S3. Excitation-emission spectral fingerprints of CFP (SD), YFP (SA), and CFP-YFP sensitisation (SS). (a) Excitation CFP at 436 nm, imaging with different emission filter automatically by click the measurement button. The representative excitation-emission spectral images are shown on the right. (b) Excitation YFP at 470 nm, locating the cells, clicking measurement button to automatically collect excitation-emission spectral images, (c) Left: Normalized emission spectrum of CFP and YFP. Middle: Normalized excitation spectrum of CFP and YFP. Right: Spectral fingerprints for SD, SA, and SS.
As shown in Figure S3a, we excited CFP with 436 nm light, after locating the cells, clicking the Measurement button to automatically imaging with different excitation-emission filters, the representative excitation-emission spectral images are shown on the right. We use 470 nm light to excite YFP, after locating the cells, clicking the Measurement button to automatically imaging with different filters, the representative images are shown on the Figure S3b. The relative normalized emission intensities of CFP and YFP at different excitation wavelengths (emission spectrum of CFP and YFP) are shown on the left of Figure S3c. The normalized excitation spectrum of CFP and YFP are shown in the middle of Figure S3c. The outer product of the excitation spectrum and emission spectrum of CFP is used to obtain the spectral fingerprint SD, as well as YFP to obtain the spectral fingerprint SA, and SS was obtained by the outer product of CFP excitation spectrum and YFP emission spectrum. The pseudo color pictures of spectral fingerprint of SD, SA, and SS are shown on the right of Figure S3c.
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Figure S4. System calibration using Hela cells expressing C40Y for ExEm-spFRET microscope. (a) Representative excitation-emission spectral images (SDA) of cells. (b) Histograms of fsc and rk corresponding to (a). (c) Pixel-to-pixel pseudo-color fsc and rk image corresponding to (a).
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Figure S5. Quantitative FRET measurements for living cells separately expressing (a) C4Y, (b) C10Y, (c) C40Y, and (d) C80Y.
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