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Supplementary Figure 1 Sequence alignment against DrPAS-GAF-PHY (DR_A0050).

Yellow: PAS-domain, green: GAF-domain, turquoise: PHY-domain. Red frames highlight

monomerization mutations2 (F145S, L311E, L314E).
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Supplementary Figure 2 Spectra (a) Absorption spectra. (b) Fluorescence excitation (solid

lines) and emission (dotted lines) spectra. All spectra were determined on purified proteins in

100 mM Tris-HCl, 150 mM NaCl, pH 7.5.
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Supplementary Figure 3 Oligomerization tendency and pH-stability. (a) Semi-native 15 %

polyacrylamide gel (containing 0.1 % sodiumdodecyl sulfate) electrophoresis. As size

standards we utilized the monomeric bacteriophytochrome mIFP1 (~35 kDa), the monomeric

fluorescent protein rsEGFP23 (~29 kDa) and the dimeric fluorescent protein dTomato4

(~58 kDa). (b) Determination of pH-stability. The fluorescence signal was determined on

purified proteins at different pH values, as indicated. Fluorescence values were normalized to

the maximum. All measurements were performed in replicates (n=11 for W4.34 and W4.35;

n=6 for W4.20 and W4.33). Error bars: standard deviation.
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Supplementary Figure 4 Anti-Stokes fluorescence excitation of SNIFP by the STED light.

The anti-Stokes fluorescence excitation of SNIFP was measured on living Hela cells expressing

VIM-SNIFP. 25 µM biliverdin was added to the medium ~two hours before imaging. We varied

both the wavelength of the excitation beam (from 820 nm to 870 nm; 60 ps pulses) and the laser

intensity (20 mW to 230 mW, measured at the back aperture of the objective lens). Fluorescence

intensities were measured on filaments; the fluorescence signal induced by the STED beam was

normalized to the fluorescence signal induced by irradiation with light of 676 nm alone (5µW

at the back aperture of the objective lens). All measurements were performed in three

independent replicates. (a) Linear and (b) logarithmic representation of the normalized

fluorescence intensities. Error bars: standard deviation.
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Supplementary Figure 5 NIR STED nanoscopy of living HeLa cell expressing VIM-SNIFP.

Shown is the same cell as in the inset of Fig. 2a. Confocal image (bottom) and corresponding

STED image (top. The letters in the images (a-h) indicate the sites used to measure fluorescence

intensity line profiles (see Supplementary Fig. 6). Scale bars: 2 µm.
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Supplementary Figure 6 Fluorescence intensity line profiles on Vimentin filaments.

Averaged line profiles were taken at the positions (a-h) indicated in Supplementary Figure 5.

The line width for averaging was 90 nm (3 pixels). Solid line: The measured data were fitted

with a Gaussian function. Confocal profiles are not fitted in e and g because the short distance

between the two filaments made the fitting unreliable. Blue circles: STED data; orange circles:

confocal data. The FWHM values were determined on the fitted function and indicated on the

plots. Insets show the 1.8 µm x 1.8 µm regions where the line profiles were taken. The FWHM

in the STED images is 80.5±4.9 nm (n=10) and in the confocal recordings 274±20 nm (n=8).

Scale bars: 400 nm.
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Supplementary Figure 7 Photostability of mGarnet2 and SNIFP during STED imaging. We

recorded 30 consecutive STED images at the same site in living Hela cells expressing VIM-

mGarnet2 (a and c) or VIM-SNIFP (b and d). a and b, the red lines show a single exponential

fit to the data (red circles) with small dots to indicate the standard deviation. The characteristic

decay times (decay to 1/e of the initial signal) were 8 ± 2 (n=9) for mGarnet2 and 11 ± 3 (n=8)

for SNIFP. Imaging conditions were choose to achieve comparable resolution. Note that SNIFP

is a NIR FP, whereas mGarnet2 is a far-red FP, so that different wavelengths and imaging

parameters are required for the STED recordings. c (mGarnet2) and d (SNIFP) show a confocal

recording and STED images 1, 5 and 10, as indicated. In case of d, 25 µM biliverdin was added

to the medium ~two hours before imaging. Scale bars c: 1 µm, d: 2 µm.
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Supplementary Figure 8 Live-cell STED nanoscopy with SNIFP targeted to the peroxisomes.

Ten consecutive STED images recorded at the same site of a living HeLa cell expressing

SNIFP-PTS to label the peroxisomes. Recordings were started at the indicated time points.

Recording of one image took 6.5 s. 25 µM biliverdin was added to the medium ~two hours

before imaging. Imaging parameters are listed in Supplementary Table 3. Scale bar: 2 µm.
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Supplementary Figure 9 STED imaging of SNIFP without biliverdin. Confocal (left) and

STED (right) imaging of a living HeLa cell expressing VIM-SNIFP without addition of

biliverdin. Scale bar: 2 µm.
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Supplementary Figure 10 Determination of fluorescence lifetimes. The respective

bacteriophytochrome variants were fused to vimentin and expressed in HeLa cells. The

fluorescence lifetimes were determined in living cells at room temperature. 25 µM biliverdin

was added to the medium ~two hours before imaging. The fluorescence signal was collected

while scanning across Vimentin filaments. Red dots: Measured instrument response function.

Blue dots: Measured decay curves. For better visualization, only every 10th data point is plotted.

Solid blue line: Multi-exponential decay fit. Magenta dots: Residuals of the fit from the

measured data.
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Supplementary Table 1 Normalized cellular brightness of bacteriophytochrome variants

expressed in E. coli cells. Protein expression was induced approximately six hours before

measurement. Cells were excited with 671 nm and fluorescence was detected at 690 - 766 nm.

Measurements were performed using a FACS instrument. Two independent sets of experiments

were performed. Error: Standard deviation.
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Supplementary Table 2 Properties of NIR FPs generated in this study. All measurements were

performed in replicates. Errors: Standard deviations. All data belonging to mIFP were taken

from1.
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experiment figure
excitation

power
[µW]

STED power
[mW]

STED
pulse
length

pixel
size
[nm]

pixel
dwell
time
[µs]

additional
information

Confocal time lapse and
photostability measurements Fig. 1 j, k 3 or 6 NA NA 60x60 6

STED imaging
VIM-SNIFP

Fig. 2a
+ Suppl. Fig. 5 5 ~220 (860 nm) ~60 ps 30x30 50 time gating

STED imaging
SNIFP-NUP50 Fig. 2c 6 ~150 (860 nm) ~120

ps 30x30 80

2 color
STED/confocal

imaging

VIM
Fig. 2d

6 ~190 (860 nm) ~60 ps 30x30 60 time gating

ER 6 NA NA 30x30 60
STED imaging of VIM-SNIFP

without BV addition Suppl. Fig. 9 5 ~220 (860 nm) ~60 ps 30x30 20

STED time lapse and photostability
mGarnet 2 (VIM-mGarnet2) Suppl. Fig. 7a, c 13 (640

nm) 53 (775 nm) 1.3 ns 30x30 30 time gating

STED time lapse and photostability
SNIFP (VIM-SNIFP)

Fig. 2e
Suppl. Fig. 7b, d 5 ~220 (860 nm) 60 ps 30x30 10

STED time lapse of SNIFP-PTS Fig. 2 f
+Suppl. Fig. 8 5 ~220 (860 nm) 60 ps 30 x 30 8

STED wavelength scan Suppl. Fig. 4 5 20-230 (scan) ~60 ps 25x25 4
lifetime measurement Suppl. Fig. 10 5 NA NA 100x100 3

Supplementary Table 3 Imaging parameters.
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