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Supplementary Table. One-photon absorption, fluorescence, two-photon absorption, and photobleaching properties of red 
fluorescent proteins. 

No. Protein λabs 

nm 
0( )ε ν  

103 M-1 
cm-1 

σ1(532) 
10-16 cm2  

λfl 

nm 
τ  
ns 

φfl  2 0( )σ ν  

GM 

∆µ 
D 

φp k1 
(104 s-1) 

EP 
kcal/mol 

EI 
kcal/mol 

1 mTangerine 5671 

 
5682 

50 
351 

382 

1.01 5841 

 

5852 

2.531 

 

 

0.221 
 
0.302 

2.35 1.1 2.1x10-4 8.3 14.0 10.2 

2 mStrawberry 5761 

 

5742 

 
5754 

66 
601 

902 

 

984 

1.33 5961 

 

5962 

 

5944 

2.201 

 

 

2.13 

2.044 

0.341 

 

0.292 

 

0.354 

4.7 1.4 4.5x10-5 2.0 13.7 10.5 

3 mCherry 5891 

 
5872 

 

 

5876 

5857 

5888 

5864 

71 
741 

722 

785 

 
716 

66.47 

1018 

974 

0.78 6111 

 
6102 

 

 

6106 

6097 
6118 

6064 

1.491 

 

 

1.45 
1.63 

1.556 

 

 

1.874 

0.241 

 
0.222 

 

 

0.226 

0.237 

 

0.164 

14 2.2 1.3x10-5 0.88 12.8 11.4 

4 mPlum 5901 
 
5909 
5834 

 

58711 

62 
651 

419 
754 

14310 

29.311 
225 

0.78 6441 
 
6499 

6334 

 

64911 

0.871 0.131 
 
0.109 

0.084 

 

0.1011 

15 2.6 3.8x10-6 0.44 12.4 11.8 

5 mCherry pH11 56612 

 
66 
7213 

1.52 59412 

 
1.94 0.28 30 3.6 1.4x10-5 0.74 11.3 12.9 



 

One-photon absorption maximum wavelength (λabs), extinction coefficient ( 0( )ε ν ), cross section at 532 nm (σ1(532)); fluorescence 

maximum wavelength (λfl), lifetime (τ), and quantum yield (φfl); two-photon absorption cross section 
2 0( )σ ν , corresponding to the 

maximum of the long-wavelength fitting component (see main text and Supplementary Figs 1-13), change of permanent dipole 
moment upon excitation ∆µ; quantum efficiency of the first step of photoblecahing, φp, monomolecular rate constant of the first step 
of photoblecahing , k1, and the activation energies for the P- and I-rotations in the excite state, EP and EI, respectively. The first line for 
each protein corresponds to the values obtained either in this paper or in1 and used for the interpretation. Other available literature data 
are presented in the next rows and shown by italic. All extinction coefficients are obtained by alkaline denaturation method, except for 
those from refs1,13, which were obtained by using the Strickler-Berg method1. 

56614  59414 

6 mTangerine/mCherry 588 52 0.72 610 1.67 0.14 27 3.8 1.5x10-5 0.91 11.1 13.1 
7 DsRed2 5621 

 

5635 
5582 

55815 

55916 

55517 

 
 

106 
861 

655 
752 

15015 

 

1.83 5871 

 

5875 

5832 
58315 

58616 

58617 

 

 

3.441 

 

 

 

 

3.6716 

3.6017 

3.318 

3.619 
3.619 

0.711 

 

0.555 

0.792 

0.715 

58 3.9 7.1x10-5 2.1 11.0 13.2 

8 mStrawberry pH11 551 
54814 

72 1.90 567 
56514 

2.77 0.39 40 4.0 5.2x10-5 1.9 10.9 13.3 

9 mBanana/mTangerine 569 57 1.14 587 1.49 0.16 36 4.3 6.1x10-5 4.1 10.6 13.6 
10 mStrawberry/DsRed2 584 54 0.82 606 2.07 0.18 36 4.3 4.8x10-5 2.3 10.6 13.6 
11 mBanana 5411 

 

5402 

82 
731 

6.02 

2.71 5551 

 

5532 

3.231 0.691 

 

0.70 

63 4.8 3.1x10-4 9.7 10.0 14.2 

12 tdTomato/DsRed2 568 52 1.02 591 2.78 0.25 43 4.9 5.1x10-5 18 9.9 14.3 
13 mCherry/tdTomato 586 85 1.28 608 0.29 0.029 78 5.0 2.7x10-5 9.2 9.8 14.4 



 

Supplementary Fig. 1. Two-photon absorption spectra of red FPs. For each protein, the two-photon absorption spectrum (open 
circles) is fitted to the sum of two one-photon excitation spectra (red dashed line): one non-shifted (blue line) with variable amplitude 
and another – shifted to higher frequencies (green line) with variable shift and amplitude (see Methods for details). The black arrow 
depicts the value of two-photon cross section 

2 0( )σ ν which was used in calculation of the permanent dipole moments difference. 
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Supplementary Fig. 2. Fluorescence intensity (symbols) versus time in course of photobleaching of Rhodamine 6G in 
dimethylformamide with the cw laser at 532 nm, P = 1 W/cm2. The mono-exponential fit (with zero background) is shown by red line.  
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