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Supplementary Tables 

 

Supplementary Table 1. Spectral and photoacoustic properties of RpBphP1 and DrBphP-PCM in vitro. 

 

Protein 
Photo 

switching 
state 

Maximum 
absorption 
wavelength 

(nm) 

Maximum 
emission 

wavelength 
(nm) 

Molar 
extinction 
coefficient
(M–1 cm–1)

Fluoresc
ence 

quantum 
yield (%)

PA 
excitation 

wavelengtha

(nm) 

ON-to-OFF 
photoswitching 

rateb (s-1) 

PA signal-
to-noise 
ratioc 

PA 
switching 

ratiod 

Temporal 
frequency 
PA image 

CNRe 

0 mm 
depth

12 
mm 

depth

0 mm 
depth

12 mm 
depth

0 mm 
depth

12 mm 
depth

RpBphP1 
Pfr (ON) 756 none 78,300 none 

780 1.56 
501.4 
±15.3

15.2 
±0.3

4.3 
±0.2

2.3 
±0.2 

380.3 
±12.0

21.3 
±0.2 Pr (OFF) 678 n.d. 87,500 n.d. 

DrBphP-
PCM 

Pfr (ON) 750 none 59,200 none 
780 0.54 

636.2 
±17.2

25.4 
±1.3

8.7 
±1.5

4.7 
±1.2 

550.4 
±16.0

38.3 
±0.3 Pr (OFF) 700 720 98,000 2.9% 

 

aThe laser fluence was 8 mJ cm–2. The wavelengths were chosen on the basis of the absorption of the proteins and the power spectra of 

the lasers. bThe ON-to-OFF photoswitching rate is defined as the reciprocal of the time when the PA signal drops to 1/e of its 

maximum, measured at a a laser fluence of 4 mJ cm–2. cThe protein concentration was 30 µM, and the reduced scattering coefficient of 

the scattering media was ~10 cm–1. Data are reported as mean ± s.d. dThe switching ratio is the ratio of the PA signal amplitudes 

acquired in the ON and the OFF states. Data are reported as mean ± s.d. eContrast-to-noise ratio (CNR). The hemoglobin 

concentration was 2.3 mM. Data are reported as mean ± s.d. 
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Supplementary Table 2. Quantified coefficients of the decay functions of the PA signals from 

cellsa. 

 

Coefficientsb 

High fluencec Low fluenced Scattering mediae 

HEK-293 U87 HEK-293 U87 HEK-293 U87 
HEK-293:U87
mixture with 

about 1:1 ratio
ܽ 0.014 0 0.001 0 0.035 0 0.266 
ܾ 0.493 0.968 0.515 1.01 0.500 1.00 0.169 
ܿ 0.488 0.082 0.483 0 0.481 0.0930 0.581 

ଶܶ 1.45 1.72 2.01 2.14 0.591 0.596 0.756 
݇f 1.01 11.8 1.07 100 1.04 10.8 3.44 
 g 0.005 0.844 0.03 0.980 0.02 0.830 0.549ݏ

 
aThe signals from the cells were spatially averaged first, and the calculations were based on their 

spatial mean values. bThe decay function can be expressed in the form of ݃ሺݐሻ ൌ ܽ ൅

ܾ ∙ ݁
ሺି ೟

೅భ
ሻ
൅ ܿ ∙ ݁

ሺି ೟
೅మ
ሻ
, where ଵܶ ൐ ଶܶ, and the ratio ܴ ൌ ଵܶ/ ଶܶ is within the range of 2.2–3.0. 

cThe cells were embedded in clear media, and the illumination fluence is 5 mJ/cm2
. 

dThe cells 

were embedded in clear media, and the illumination fluence is 0.5 mJ/cm2. eThe cells were 

embedded in scattering media, and the local fluence is unknown. fAs defined in Online Methods, 

݇ ൌ ௠௔௫ሼ௕,௖ሽ

௠௜௡ሼ௕,௖ሽ
, which was used as a criterion to distinguish two types of cells. It can be seen from 

Table 2, regardless of local fluence, the ݇ of HEK-293 cells is approximately 1, whereas the ݇ of 

U87 cells is much larger, normally greater than 10, to avoid infinity in computation, the upper 

limit of k was set to 50. gAs defined in Online Methods, we define	ݏ ൌ ௞ିଵ

௞ାଵ
 to quantify the 

concentration of U87 cells if a mixture of the two types of cells was imaged. 
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Supplementary Figure 11. 

Validation of the existence of reconstituted DrSplit via near-infrared fluorescence. 

 

 

MTLn3 cells stably expressing both, EGFP-IRES2-DrPAS-FRB and mCherry-IRES2-FKBP-

DrGAF-PHY. Constructs were treated with rapamycin. The fluorescence of non-treated (‒ 

RAPA) and treated (+ RAPA) cells was compared by the fluorescence of EGFP (green; ex 

480/40 nm, Em 535/40 nm), mCherry (red; ex 570/30 nm, Em 615/30 nm) and DrSplit (NIR; ex 

605/40 nm, Em 640/LP nm). (a) Fluorescence microscopy images of non-treated (top row) and 

treated (bottom row) cells. (b) Flow cytometry was used to analyze the fluorescence intensity 

distribution of live MTLn3 cells, that stably expressing DrBphP-PAS downstream of IRES2 

sequence with EGFP and DrBphP-GAF-PHY downstream of IRES2 with mCherry. The mean 

values of EGFP, mCherry and DrSplit fluorescence intensity are presented. Gray curves 

correspond to non-treated samples, red curves correspond to samples treated with rapamycin. (c) 

Quantification of the data presented in (a). Error bars, s.e.m. (n=3; transfection experiments). 

Scale bars, 10 µm. RAPA is short for rapamycin.  
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