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Fig. S1. Absorption and emission spectra of the benchmark dyes ATTO647N and KK114.
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Fig. S2. Fluorescence decay and lifetime of the red dyes in cell samples (PtK2 cells; vimentin): curves fitting the spontaneous decay of the fluorescent state. Note that the slope of the curves varies for the different dyes, resulting in fluorescence lifetimes ranging from 1.2 ns to 3.6 ns
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Fig. S3. Measurements of the size of nuclear pore complexes. After immunolabeling with the different fluorophores and imaging with super-resolution STED microscopy, the average diameter of the nuclear pore complexes was determined (n>5). Using fluorophores with improved solubility in aqueous buffers, smaller average sizes of the nuclear pore complexes were determined. This is most likely due to the superior signal-to-noise ratio in the images.

Supplemental Methods and Results

Determination of the absorption spectra, emission spectra, extinction coefficients and fluorescence quantum yields. The extinction coefficient, absorption and emission spectra were measured for the dyes (as carboxylic acids) using a Varian Cary 4000 UV-VIS spectrophotometer and a Varian Eclipse fluorescence spectrophotometer (Agilent Technologies, Santa Clara, CA, USA). The fluorescence quantum yields of the free dyes were measured using KK114 or Oxazine 1 (quantum yield in methanol = 0.11) as the reference dye, according to the protocol described by Fery-Forgues and Lavabre 1999()
. The fluorescence quantum yield in antibody conjugates (anti-mouse) of the dyes was found to be 0.12 for ATTO647N; 0.48 for KK114; 0.09 for KK1119; 0.15 for KK9046; 0.46 for STAR635; 0.46 for STAR635P.
Determination of the solubility of the dyes in aqueous solutions. The water-solubility of the dyes was evaluated by preparing saturated aqueous solutions of the dyes (as acids) and determining their concentration spectroscopically or gravimetrically. The following solubilities were determined (in PBS; pH 7.4): ATTO647N, <0.1 mg / ml; KK114, >50 mg / ml; KK1119, >50 mg / ml; KK9046, >0.5 mg / ml; STAR635, >2 mg / ml; STAR635P, >10 mg / ml.
Determination of the stability of the dye NHS esters in aqueous solutions. The stabilities of NHS esters were determined by HPLC monitoring of the solutions in water and PBS buffers at room temperature and +5 °C Kolmakov et al. 2012()
. Under these conditions, the NHS esters of all new dyes – KK119, KK9046, STAR 635 and STAR 635P – are clearly more stable than KK114-NHS. For example, in water, STAR 635-NHS stays unchanged after one day at room temperature, while the content of KK 114-NHS drops from 80% to 20% and the content of STAR 635P drops from 90% to 50%.
Sample preparation for confocal and STED microscopy. The cultivation of cells, antibody and immuno-labelling was performed as described in Wurm et al. 2010()
. In brief, for immunolabeling, cultured PtK2 cells were seeded on cover slips one day before fixation. Fixation was performed using methanol (abs./ –20 °C/ 5 min). After blocking in 5% bovine serum albumin the cells were incubated in primary antibodies directed against the proteins Nup153 (Abcam, Cambridge, UK), α-Tubulin (Sigma Aldrich, USA) or Vimentin (Sigma Aldrich, USA). The detection of these primary antibodies was performed using secondary antibodies (Dianova) custom labelled with the dyes indicated. Finally the samples were mounted in mowiol containing DABCO.

Determination of the fluorescence lifetimes. The fluorescence lifetime of the different dyes was determined in solution (PBS, pH 7:4) and in immunolabelled, mowiol embedded cell samples (labels: vimentin; tubulin). The degree of labelling of the used antibodies for Atto647N = 5, for KK114 = 1, for KK9046 = 5, for KK1119 = 8, for STAR635 = 3 and for STAR635P = 3, respectively. The fluorescence lifetime of the dyes and their antibody conjugates in solution (PBS, pH 7.4) was determined by acquiring a time trace for 20–100 s at a single spot of the solution. For the cell samples, we determined the lifetime of every point in an area of 10 µm x 10 µm (pixel size 20 nm) using a custom made setup equipped with a pulsed excitation laser (PicoQuant, Berlin, Germany) working at 635 nm @ 39 MHz (pulse length 70 ps) and four counting avalanche photodiode (SPCM-AQRH13, Perkin Elmer). For the acquisition of the lifetimes, the time trace of the fluorescence signals (650–720 nm) was measured by a time correlated single photon counting (TCSPC) module (DPC-230, Becker & Hickl GmbH, Berlin, Germany) (sampling rate: 164 ps). The fluorescent decay curves were fitted by multi-exponential model as described in Enderlein and Erdmann 1997()
. The fluorescence lifetime for the antibody conjugates of the dyes in solution (PBS, pH 7.4) were 3.6 ns for Atto647N, 3.7 ns for KK114, 2.8 ns for KK1119, 3.9 ns for KK9046, 3.6 ns for STAR635 and 3.6 ns for STAR635P.
STED and confocal imaging. For STED microscopy and the corresponding confocal microscopy, a stage scanning STED microscope was used. Briefly, the fluorophores were excited with a pulsed diode laser emitting 70 ps pulses at 635 nm (PicoQuant, Berlin, Germany). STED was performed using a frequency-doubled fiber laser (ELP-5-775-DG, IPG Photonics Corporation) emitting 1 ns-pulses at 775 nm and 20 MHz. The time-averaged STED power in the objective back aperture typically ranged between 100–200 mW, corresponding to about 60–120 mW in the focal plane. The optical delay between the excitation and STED pulses was realized electronically. The STED beam was converted into a doughnut shape by passing the light through a polymeric phase plate (Vortex pattern, RPC Photonics, Rochester, NY, USA) and subsequently overlaid with the excitation beam. The excitation and the STED beams were coupled onto a 1.4 numerical aperture oil immersion lens (NA 1.4 PL APO, 100x, Leica Microsystems, Wetzlar, Germany). The fluorescence signal was collected by the same lens and confocally detected between 650 nm and 690 nm using a counting avalanche photodiode (SPCM-AQRH13, Perkin Elmer). A custom-built electronic time gating was used to omit the fluorescence signal during the action of the STED pulse. The images were obtained by scanning the samples with a piezo stage (Nano-PDQ, Mad City Labs, Madison, WI, USA). 
The tubulin samples shown in Fig. 5 were imaged with a beam scanning STED microscope Wurm et al. 2011()
. In this case, the fluorophores were excited with a pulsed diode laser emitting 70 ps pulses at 640 nm (PicoQuant, Berlin, Germany). STED was performed using a femtosecond modelocked Titanium Sapphire laser (MIRA900, Coherent, USA) operating at a repetition rate of 76 MHz at 760 nm center wavelength. The STED pulses of originally ~100 fs duration were stretched to about 300 ps by guiding the light through 100 meters of a single- mode polarization-maintaining fibre. 
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