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Improved Super-Resolution Microscopy with Oxazine Fluorophores in

Heavy Water**
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s | [lua b hm | 2 D,O 0.48 3.9 1.2 1.4
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10 Lt methanol 0.39 33 1.2 1.8
tivell s ethanol 0.46 3.6 1.3 1.5
2-propanol 0.49 3.8 1.3 1.3
acetone 0.55 4.5 1.2 1.0
acetonitrile 0.57 4.4 1.3 1.0
DMF 0.56 4.1 1.4 1.1

DMSO 0.56 3.9 1.4 1.1
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Increasing the Brightness of Cyanine Fluorophores for
Single-Molecule and Superresolution Imaging

Table 1. Ratios of fluorescence quantum yields (@) and fluorescence life-
times (rg) measured both in H,0 and in D,0.

Alexa Fluor 647
6000 H,0
1
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2000 4
0 -
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Number of photons

Dye ®H(D,0)/P:(H,0) 7:(D,0)/1:(H,0)
Cy3 1.1 ~1.0%

Cy3B 1.1 1.1

Cy3.5 1.2 1.1

Cy5 13 1.2

Alexa Fluor 647 1.3 1.2

Cy5.5 1.6 14

Alexa Fluor 700™ 1.7 1.7

Cy7 2.6 24

[a] The measured fluorescence lifetime was on the order of the instru-
ment response function in both solvents. [b] Quantum yields and life-
times were measured in PBS to avoid pH-dependent aggregation of the
dye in pure H,0.
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Although biological imaging is mostly performed in agueous media, it is hardly ever considered that water
acts as a classic fluorescence quencher for organic fluorophores. By investigating the fluorescence
properties of 42 common organic fluorophores recommended for biological labelling, we demonstrate
that H,O reduces their fluorescence quantum vyield and lifetime by up to threefold and uncover the
underlying fluorescence quenching mechanism. We show that the quenching efficiency is significantly
larger for red-emitting probes and follows an energy gap law. The fluorescence quenching finds its
origin in high-energy vibrations of the solvent (OH groups), as methanol and other linear alcohols are
also found to quench the emission, whereas it is restored in deuterated solvents. Our observations are
consistent with a mechanism by which the electronic excitation of the fluorophore is resonantly
transferred to overtones and combination transitions of high-frequency vibrational stretching modes of
the solvent through space and not through hydrogen bonds. Insight into this solvent-assisted guenching
mechanism opens the door to the rational design of brighter fluorescent probes by offering
a justification for protecting organic fluorophores from the solvent via encapsulation.
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Generality of the fluorescence quenching by water and methanol
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Solvent-assisted quenching through solvent OH moieties

) 45-fa,
| Q.h-_- _______________
—_ W 00 Te.
2 3.5 \‘-‘%-. ---------
— ..“
o T S lv,.
S | e D,O/H,0 e 0.
2.5 o ¥
e ACN/H,0 i N
ACN/MeOH e
| | | | | |
00 02 04 06 08 1.0
x,(H,0) or x,(MeOH)
b)
5
S
>
7
c
9
=

650 700 750 800 850
Wavelength (nm)

g1 (NS)

] § Protonated

B Deuterateg

H,0
D,0
,CD
prop
2-propanol
HFIP
1-butanol
1-pentanol
1-hexanol
1-heptanol
Acetone
Acetone-d6

3
3

CH

CD

CH

CD

CH,.CH

CH
Acetonitrile
Acetonitrile-d3

CH
CD
1

Nitromethane

Ethyleneglycol
__ Nitromethane-d3

Methanol L____|
Ethanol

Alcohols Non-OH

Water

B Protonated
B Deuterated

e) 51 1 H,0
i 2-propanol
49 1 HFIP
» 3
£
@ 24

1_

0_% ® > Lo O O N O
Q@”Qfs" NI AN R O
¥ &g o 00N

A\ NONN AR
T v v 9

L
~30y



Quenching by the solvent follows an energy gap law
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Quenching fluorophores by resonance electronic-to-vibrational energy transfer via dipolar coupling
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solvent-assisted quenching of red-emitting fluorophores
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Multi-Color, Bleaching-Resistant Super-Resolution Optical Fluctuation Imaging with

Oligonucleotide-based Exchangeable Fluorophores

» Super-resolution optical fluctuation imaging (SOFI)
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SOFI with oligonucleotide-based exchangeable fluorophore labels
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Figure 1. Principle of SOFI with oligonucleotide-based exchangeable fluorophore labels. A) Labeling of
cellular structures using oligonucleotide-conjugated (docking strands) secondary antibodies and
sequence-complementary, fluorophore-labeled oligonucleotides (imager strands). Transient and
reversible binding of imager strands causes target-specific intensity fluctuations. B) Image processing
in SOFI via time-trace analysis of stochastically fluctuating emitters. SOF| images are resolution and
contrast enhanced and exhibit reduced unspecific background signals. C) Diffraction limited (i) and
resolution-enhanced 2™ order SOF| image (ii) of a microtubule labeled U-2 OS cell using P1-

AbberiorStar635P as exchangeable imager strand (scale bar 10 um).



Multi-Color & Bleaching-Resistant SOFI
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