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MINFLUX - unrivaled resolution

MINFLUX is a light microscopy 
technique providing 2D and 3D 
localization precisions in the 
single-digit nanometer range.

• MINFLUX localizes single photon emitters  
by minimizing photon emission

• It provides localization precisions down to  
1 nm

• 2D, 3D and multicolor imaging is routine

Importantly, a MINFLUX microscope can be based on 
a common fluorescence microscope stand [1], and it 
combines high localization precisions with standard 
workflows. This allows for unprecedented user-friend-
liness for the everyday user. In 2D MINFLUX mode, the 
microscope can attain localization precisions < 2 nm. 
In 3D MINFLUX imaging mode, isotropic localization 
precisions < 3 nm (Fig. 1) have been shown routine-
ly. Together with the option for multi-color imaging in 
the nanometer range, MINFLUX offers scientists an 
ideal tool for addressing numerous biomedical and 
biophysical questions on the molecular scale.

Imaging protein complexes at the molecular scale 
has been on the wish list of researchers in the life sci-
ences for decades. With the advent of MINFLUX na-
noscopy [2], this demand can now be met.

MINFLUX can resolve individually switchable fluo-
rophores at distances as small as 1 - 2 nm. This is 
achieved by localizing single fluorophores with an 
excitation pattern featuring a spatially well-controlled 
intensity zero, e.g. a donut or “bottle-beam”. The in-
tensity zero of this excitation beam is then used to 
probe the fluorophore at pre-defined positions close 
to its actual position. The fluorophore position can be 
determined with a minimal number of photons and 
consequently within a spatio-temporal regime that 
exceeds alternative techniques by far [2 - 7].

Figure 1. Confocal and 3D MINFLUX images of a nuclear pore 
complex sample.
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Fluorescence microscopy is widely used in research, 
diagnostics, and biomedical imaging. It enables the 
non-invasive multi-dimensional visualization of struc-
tures and molecules and is therefore ideally suited for 
the examination of biomedical samples. Unfortunate-
ly, the resolution of conventional light microscopes 
is limited to about half the wavelength of light [8]. In 
the last few decades, several approaches were estab-
lished to overcome this resolution limit [9-17].

MINFLUX is a novel microscopy technique which is 
based on the localization of single fluorescence mol-
ecules [1]. In contrast to camera based single mol-
ecule localization microscopy (SMLM) techniques 
[9-17], MINFLUX is a beam scanning technique in 
which the fluorophore positions are determined using 
predefined scanning patterns encircling each fluoro-
phore (Fig. 2). Molecules are excited using a focus 
shape featuring an intensity zero in the center e.g., 
a donut shaped for 2D MINFLUX or a hollow sphere 
(“bottle-beam”) for 3D MINFLUX. From the pre-de-
fined positions of that zero intensity, the known shape 
of the excitation focus, and the detected number of 

photons emitted by the molecule at the different posi-
tions of the excitation beam, the position of the mol-
ecule can be determined precisely. Several iterations 
are used to determine the fluorophore’s localization 
precisely. In each consecutive iteration the probing 
pattern is recentered on the most recently estimated 
localization of the fluorophore and the diameter of 
the probing pattern is narrowed down. Through this 
refinement process, the additional information about 
the position of the emitter gained with every detected 
photon is immediately used to increase the informa-
tion content of the following ones. In contrast, con-
ventional superresolution methods detect all photons 
in the same way, with the same low information con-
tent as the first photon. Using the MINFLUX-approach, 
localization precisions on the molecular scale, better 
than 2 nm in the focal plane and 3 nm in 3D, can be 
achieved using fewer photons and lower light doses 
compared to classical SMLM techniques [2].

The abberior MINFLUX has been designed as a turn-
key system for applications in the biomedical and bio-
physical sciences. In contrast to bench type setups, 
the microscope is built around a fully motorized re-
search microscope body with transmission and epi-
fluorescence functionalities (Fig. 3). The system of-
fers many standard confocal functionalities, such as 
multiple excitation lines (e.g. 405 nm, 488 nm, 516 nm, 
640 nm) and detection channels (e.g. for DAPI, GFP, 
Cy3 or Cy5), a confocal beam scanner with a large 
field of view, and a motorized pinhole. Furthermore, 
a powerful and user-friendly graphical user interface 
allows for pre-defined imaging workflows.

Of course, in addition to these functionalities, a high 
performance MINFLUX imaging mode is at the core 
of the microscope. It contains a spatial light modu-
lator for shaping the MINFLUX excitation focus, an 
ultra-fast (>100 kHz) MINFLUX beam scanner based 
on electro-optical deflectors for XY beam positioning, 
and a 3D MINFLUX package based on a deformable 
mirror for beam positioning in the 3rd dimension. 
For achieving localization precision in the nanometer 
range, active stabilization of the sample position is 
essential. Here, a reflection-based stabilization unit is 
included, which stabilizes the position of the sample 
in x, y and z with a precision of < 1 nm (rms), guar-
anteeing stable measurements even for long image 
acquisition times.

Figure 2. MINFLUX Scanning Scheme (A) MINFLUX uses a 
donut-shaped excitation beam to rapidly localize individual 

fluorophores while they are in the fluorescent state. For this 
the fluorescence is probed on pre-defined positions around a 

fluorophore in the “on” state. (B) For 2D MINFLUX a hexagonal 
pattern with a central point is used for probing positions with a 
donut shaped excitation beam. (C) For 3D MINFLUX a 3D donut 

i.e. a hollow sphere of light is used together with a octahedral 
pattern as probing pattern. Symbols: red star, fluorophore; 
green circle, probing position; I, II, III, C probing positions.

Fluorescence Microscopy and the MINFLUX 
Concept

A MINFLUX microscope for biomedical and 
biophysical applications
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The MINFLUX concept is based on the presence of a 
single fluorophore in the fluorescent state in the prob-
ing area at the time of the localization. Currently, two 
strategies are used to ensure this:

For fixed cell imaging, a stochastic switching strategy, 
comparable to (d)STORM [12,13], can be applied. For 
this, organic dyes are used in combination with buffer 
systems and reagents which enable the switching of 
the fluorophore between a non-fluorescent and fluo-
rescent state. In the most prominent example, the car-
bocyanine dye Alexa Fluor 647 is applied together with 
an oxygen consuming GLOX buffer and thiols such as 
β-mercaptoethylamine (MEA) as blinking compounds 
[13]. These thiols can bind to the dye-core and thereby 
transfer it to a non-fluorescent state. The conversion 
to the fluorescent state can occur spontaneously or 
can be induced by UV-light. The absence of oxygen 
reduces bleaching and spontaneous blinking of the 
dyes, supporting the control of the blinking kinetics by 
the UV-light intensity. This strategy was successful-
ly used in MINFLUX for various dyes being excited at 
640 nm, such as Alexa Fluor 647, CF660C, CF680 or 
sCy5 [1 - 7].

The second strategy is comparable to the one used 
for PALM [14,15]. This strategy is based on photoac-
tivatable or photoconvertible fluorophores (organic 
dyes/ fluorescent proteins), which can be switched 
from a non-fluorescent to a fluorescent state or from 
one emission wavelength to another using light-based 
on photoconversion reactions. This approach was 
successfully applied in a recent publication [3], where 
the photoconvertible fluorescent protein mMaple was 
used as label in the MINFLUX imaging of nuclear pore 
complexes.

Several labeling techniques have been applied for 
creating samples for MINFLUX [1-7]. A widely applied 
and robust labeling technique for biomolecules and 
structures of interest in fixed samples is indirect im-
munolabeling. This technique is a very good starting 
point to test the suitability of a particular sample for 
MINFLUX. Even better results can be achieved using 
smaller labels [18] e.g. smaller antibody complexes, 
directly labelled antibodies or nanobodies. Labeling 
via SNAP- or Halo-tags is also a viable alternative to 
reduce the label size [1, 2, 7]. Future developments in 
click chemistry and unnatural amino acids are likely 
to provide additional labeling strategies with minimal 
label size.

The abberior MINFLUX offers an easy and user-friend-
ly imaging workflow. After placing a sample on the 
microscope, the position within the sample is set us-
ing the eyepieces and epifluorescence mode of the 
microscope. Then, a confocal (multi-color) overview 
scan is performed to position the sample precisely 
and to select the region of interest (ROI) for the MIN-
FLUX image. Finally, the MINFLUX image acquisition 
is started using pre-defined measurements schemes.

Fluorophores for MINFLUX imaging

Labeling strategies for MINFLUX Imaging

Figure 3. The abberior MINFLUX is based on a fully motorized research microscope body, facilitating use for biomedical and biophys-
ical applications together with standard workflows.

Got questions?

Please contact 
application@abberior-instruments.com
www.abberior-instruments.com

mailto:application%40abberior-instruments.com?subject=Question%20about%20%22MINFLUX%20imaging%22
https://abberior-instruments.com/
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Figure 4. 2D and 3D MINFLUX nanoscopy of the nuclear pore 
complex subnunits. NUP96-SNAP/SNAP-Alexa Fluor 647 lend 
themselves as benchmark structures to test super resolution 
light microscopes. (A, A’) In contrast to confocal microscopy, 

2D MINFLUX allows to visualize the shape and arrangement of 
individual subunits of the nuclear pore complex. Using a thresh-
old value of 150 photons allows to reach localization precisions 

of ~2 nm in raw localization data. (B, B’) In addition, 3D MIN-
FLUX facilitates imaging at molecular scales in all dimensions. 

In the axial direction localization precisions of ~2.5 nm in raw 
localization data have been reached. Scale bars, 500 nm. Please 

note that the axial coordinate is color-coded in B.

MINFLUX nanoscopy has been shown to achieve un-
precedented resolution levels in light microscopy [1,7]. 
Hence, it can be expected that it facilitates address-
ing scientific questions that were not accessible until 
now. To benchmark the performance of super  res-
olution microscopes for biomedical and biophysical 
imaging applications, Thevathasan et al. proposed 
the nuclear pore complex as a well-defined control 
sample from biomedical research [19]. The eight-fold 
symmetric nuclear pore complex is one of the largest 
protein complexes within eukaryotic cells. It consists 
of a cytoplasmic and a nucleoplasmic ring which are 
separated by ~50 nm. The total diameter of the NUP 
rings is ~125 nm. 

The performance of the MINFLUX was tested by im-
aging cells expressing NUP96-SNAP, labelled with Al-
exa Fluor 647. As shown in Fig. 4A, the 2D MINFLUX 
mode is able to resolve the NUP96 rings in the nuclear 
envelope with a diameter of ~110 nm. Single fluoro-
phores were localized with a precision of ~2  nm (in 
raw localization data using a threshold value of 150 
photons). Evaluation of the localization precision us-
ing a higher photon threshold results in a localization 
precision < 1 nm (in xy). These results are in accor-
dance with the values given in [2, 19]. 

The 3D MINFLUX mode also enabled visualization of 
rings of labeled NUP96-SNAP proteins (Fig. 4B). Es-
pecially in the side view (Fig. 4B’), two planes of la-
beled NUP96-SNAP proteins are visible, which reflect 
the cytoplasmic and the nucleoplasmic ring of the 
nuclear pore complexes. A line profile in the axial di-
rection reveals a localization precision of ~2.5 nm (in 
raw localization data using a threshold value of 150 
photons). Evaluation of the localization precision us-
ing a higher photon threshold results in a localization 
precision of ~2 nm (in z).

For two-color MINFLUX imaging, a ratiometric imag-
ing approach can be used [2, 17]. Samples are pre-
pared using two dyes which can be excited with the 
same wavelength, but which emit at different wave-
lengths. The fluorescence is registered using two 
spectrally separate detection channels so that the 
localizations can be assigned to the respective flu-
orophore. In practice, a dye with an emission maxi-
mum at ~665 nm (e.g. Alexa Fluor 647) is combined 
with a dye with a red-shifted emission maximum (e.g. 
CF680; em,max = 700 nm). 

To benchmark the performance of the MINFLUX for 
two-color imaging, the NUP96-SNAP/ SNAP-Alexa 
Fluor 647 samples were additionally labelled with 
wheat germ agglutinin (WGA) conjugated to CF680. 
This reagent binds to glycoproteins in the center of the 
nuclear pores. Using two-color MINFLUX imaging, the 
rings formed by NUP96 became visible together with 
a very small ring or dot in the center of the pore (Fig. 
5). As evidenced by this experiment, two-color MIN-
FLUX enables the imaging of two structures which are 
in very close spatial relationship.

The imaging performance of the abberior MINFLUX 
is identical to the bench setups described before [1-4, 
6]. Nuclear pore complex samples display an idealized 
situation for MINFLUX imaging i.e. they are well de-
fined structures, with established labeling strategies 

Nuclear Pore Complex samples as a bench-
mark for MINFLUX nanoscopy
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relying on the best performing fluorophores, and on 
very small labels i.e. SNAP tagged proteins and labels. 
The following examples will demonstrate the capabil-
ities of the MINFLUX technology for more challenging 
samples.

Organelle biology is a very important field in the bio-
logical sciences. Although cell organelles and many 
pathways they are involved in are already well known, 
many important aspects regarding the positioning 
and dynamics of membrane proteins or physiological 
reactions are still lacking because their investigation 
is limited by the small size of these organelles.

MINFLUX imaging is the ideal tool for addressing 
these open questions. Below, two examples from or-
ganelle biology have been chosen to exemplify the ad-
vantages of MINFLUX.

The first example stems from mitochondrial biology. 
Mitochondria play a crucial role in life, disease, and 
death. The interior of mitochondria is highly struc-
tured. They have a diameter of ~300 nm and possess 
two membranes hosting a large set of membrane 
proteins as functional units. The mitochondrial ma-
trix contains the mitochondrial genome called mtD-
NA [20]. In this example, two labels with a very dis-
similar labelling density were combined to test if 

two-color MINFLUX works under these conditions. 
For this, the mitochondrial import receptor TOM20 
in the mitochondrial outer membrane and the mtD-
NA nucleoids were labelled by indirect immunofluo-
rescence using sCy5 and CF680 (Fig. 6). Using the 
ratiometric two-color MINFLUX imaging approach 
described above, it was possible to localize individual 
fluorophores within the mitochondria, showing that 
immunolabelled samples can be imaged, even at very 
high fluorophore densities. Further, it was possible to 
distinguish these labels and to visualize single TOM20 
clusters with a diameter of only 8 - 15 nm together 
with the densely packed mtDNA nucleoids (average 
diameter ~100 nm).

MINFLUX imaging in Organelle Biology 
Samples.

Figure 5. Two-color MINFLUX nanoscopy of the nuclear pore 
complex samples. Fixed NUP96-SNAP cells were labeled 

with SNAP-Alexa Fluor 647 (green) and WGA-CF680 (red) and 
imaged in confocal und 2D MINFLUX mode. Two-color 2D 

MINFLUX was performed using a ratiometric detection strategy. 
As in the single color images NUP96 was found in rings in 

the nuclear envelope. Further the stained glycoprotein core is 
visible in the second channel. Scale bar, 200 nm. Shown is raw 

localization data.

Figure 6: Two-color MINFLUX on Mitochondria Samples. The 
mitochondrial protein TOM20 (green) and mtDNA (red) were 

labelled in mammalian cells with indirect immunofluorescence 
using secondary antibodies coupled to sCy5 and CF680. 

Two-color confocal (A) and MINFLUX (B) was performed using 
a ratiometric detection strategy. Please note that the labelling 

density of both structures is highly dissimilar. For TOM20 single 
proteins are labeled in the mitochondrial membrane, whereas 

numerous binding sites are decorated in the mtDNA. MINFLUX 
enables the visualization and separation of both structures. 

Scale bars, 500 nm.

confocal MINFLUX

B MINFLUX

A confocal

Got questions?

Please contact 
application@abberior-instruments.com
www.abberior-instruments.com

mailto:application%40abberior-instruments.com?subject=Question%20about%20%22MINFLUX%20imaging%22
https://abberior-instruments.com/
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As a second example, individual proteins within per-
oxisomes were imaged using MINFLUX. Peroxisomes 
are very small cell organelles with a diameter of only 
~100 nm. For MINFLUX imaging, the peroxisomal 
membrane protein PMP70 was labelled with indirect 
immunofluorescence using Alexa Fluor 647. In 2D 
MINFLUX mode, a high number of localizations was 
detected in the peroxisomes, illustrating again that not 
only very sparsely labelled samples, but also dense 
structures can be imaged successfully using MIN-
FLUX (Fig. 7A). This applies not only to 2D MINFLUX, 
but to 3D MINFLUX nanoscopy as well (Fig. 7B). The 
3D data shows a high number of localizations per per-
oxisome and allows for the evaluation of the three-di-
mensional shape and PMP70 distribution within each 
peroxisome.

The resolution capabilities of MINFLUX are expected 
to push the limits for numerous imaging applications 
in neurobiology as well. To exemplify the capabilities 
of 2D and 3D MINFLUX nanoscopy for neuroscience 
applications, a well-known test structure from neuro-
biology called βII spectrin in primary neurons was se-
lected. Spectrins are membrane-associated scaffold-
ing and actin-binding proteins, which form a periodic 
lattice with spacings of about 190 nm along axons 
[21]. These cytoskeletal networks play an important 
role in the shaping and structural organization of neu-
rons. βII spectrin in primary hippocampal neurons 
was stained with Alexa Fluor 647 using indirect immu-
nolabeling. 3D MINFLUX clearly revealed the periodic 
arrangement of the βII spectrin in an axon (Fig. 8) with 
a localization precision in the nanometer scale.

Fig. 7 MINFLUX imaging of Peroxisomal Samples. For MIN-
FLUX imaging of peroxisomes mammalian cells were fixed and 

labelled with primary antibody against PMP70 and second-
ary antibodies coupled to Alexa Fluor 647. (A) Confocal and 

MINFLUX image shows that despite the high labelling density 
peroxisomes can be imaged with MINFLUX. (B) In addition to 

that 3D MINFLUX allowed to visualize the shape of peroxisomes 
in 3D. The displayed data set has a lateral size of 7.2 x 8.5 μm. 

The image on the right represents a magnification of the box in 
B. Scale bar: 500 nm (A), 200 nm (B)

Figure 8: MINFLUX imaging of Neurobiology samples. (A) 2D 
MINFLUX and (B) 3D MINFLUX imaging of βII spectrin in a 

primary hippocampal neuron labeled with Alexa Fluor 647 by 
indirect immunofluorescence in top view. Scale bar: 500 nm. 

The axial coordinate is color-coded in B.

MINFLUX Imaging of Neurobiology Samples

Summary

The abberior MINFLUX microscope is a turn-key sys-
tem with integrated 3D stabilization, which makes 
the unique features of MINFLUX accessible to a wide 
range of researchers. abberior MINFLUX systems 
come with confocal functionality and are upgradable 
for further techniques like STED microscopy. 2D and 
3D MINFLUX nanoscopy achieves molecular scale 
resolution in biomedical samples, enabling the visu-
alization of subcellular structures which cannot be 
visualized with alternative fluorescence microscopy 
techniques. Two-color MINFLUX offers information 
about the localizations of two proteins in relation to 
each other and about their distribution with outstand-
ing resolution. Therefore, MINFLUX nanoscopy will 
facilitate new insights into biological and biomedical 
questions.
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