
 

Seite 1 von 2  Max-Planck-Innovation GmbH 
Arnulfstr. 58 

80335 München 
www.max-planck-innovation.de 

Technology Offer 

Ultrarapid cryo-fixation during live observation on a fluorescence microscope   
Freeze native molecular patterns in milliseconds directly on the microscope  
 
Ref.-No.: 0803-6035-IKF 
 
 

This technology offer presents a standalone ultrarapid cryo-fixation module that mounts on any 
inverted fluorescence microscope to freeze native molecular patterns in milliseconds at −196 °C, 
without cryoprotectants. It enables live imaging followed by precise on-stage cryo-arrest, 
eliminating photobleaching and motional blur for high-resolution fluorescence and 
super-resolution microscopy. 

Background 
Fluorescence micro- and nanoscopy can in principle resolve dynamic molecular reaction patterns in 
living cells down to nm scales, but image quality is fundamentally limited by motional blur, 
photobleaching, and phototoxicity. This limit set by the photophysical properties of fluorophores cannot 
be surpassed by better detectors or stronger illumination. A solution to reach practically unlimited photon 
collection times is halting photoreactivity and bypassing motional blur by virtually instant fixation of cells 
at a particular instant in time by extremely rapid cooling to a temperature below -136 °C. This ultra-high 
cooling speed is necessary to maintain water out-of-equilibrium to prevent mechanical damage by ice 
crystal formation and to avoid decay of the energized microscopic biomolecular patterns. 

Technology 
Researchers at the Max-Planck-Institute of Molecular Physiology have developed a standalone module 
that perfomrs ultrarapid cryo-arrest directly on any inverted fluorescence microscope. The device cools 
samples on a diamond mount at rates up to ~200,000 K/s to liquid nitrogen temperature (-196°C), 
preventing ice crystal formation without cryoprotectants and preserving native molecular organization 
for prolonged cryo-imaging. 

Advantages 

• Cryo-arrest during live imaging enables 
dynamic observation followed by precise 
fixation at user-defined time points. 

• Ultrafast cooling avoids ice damage and 
eliminates photobleaching and 
phototoxicity, allowing effectively unlimited 
photon collection and higher spatial 
resolution. 

• Particularly powerful for super-resolution 
and slow-acquisition methods (e. g., STED. 
FLIM, microspectroscopy). 

• Diamond-based heat exchanger maintains 
ultra-low temperatures under high-power 
irradiation, enabling high-resolution cryo-
STED and multimodal correlative cryo-
microscopy on the same cell.  
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However, if cooling is rapid enough, water molecules cannot reach 
thermodynamic equilibrium and become locked in a liquid-like 
configuration (28), enabling the preservation of cellular out-of- 
equilibrium macromolecular patterns at low temperature. To cap-
ture native out-of-equilibrium molecular patterns at multiple scales 
under enabling photophysical as well as photochemical conditions 
(29), we developed cryoprotectant-free ultrarapid cryo-arrest directly 
during microscopic observation of living cells.

RESULTS
Ultrarapid cryo-arrest on a microscope
To achieve the fastest possible cooling rates to arrest native molecular 
patterns in mammalian cells, we designed a setup where a sample 
on a diamond heat exchanger was rapidly cooled by a burst of pres-
surized liquid nitrogen (LN2: −196°C, 50 bars) on the opposite side 
of the diamond. The ensuing high flow of coolant suppresses film 
boiling, resulting in effective convective cooling of the diamond 
that rapidly extracts heat from the sample through its high thermal 
conductivity [single-crystal chemical vapor deposition (CVD) 
diamond: >2200 Wm−1 K−1] (30). A microscopy glass coverslip 
(∅ 4 mm) containing the sample was therefore adhered directly to 
the heat exchanger (∅ 5 mm) opposite to the high–numerical aper-
ture (NA) air objective (NA: 0.95) of an epifluorescence microscope 
(Fig. 1A), which allows continuous imaging of the sample before 
and during cryo-arrest. To attain high-pressure release, LN2 and 
pressurized gaseous helium (He; 50 bars) were subsequently injected 
in a stainless steel vessel that was cooled by LN2 from the outside. 
An electronically triggered pneumatically driven piston in the vessel 
functioned as a fast-opening valve to release the pressurized mixture 
toward the heat exchanger as a sudden burst at a selected time point 
during the measurement (Fig. 1A). The device was further equipped 
with an electric heating to regulate temperature before the arrest 
and a check valve that automatically initiates a constant supply of 
cold nitrogen during cryo-arrest to maintain the temperature close 
to −196°C (Fig. 1, A and B).

We measured the cooling performance with a 50-mm thermo-
couple in a 100-mm-thick aqueous sample (thermal conductivity: 
<0.6 Wm−1 K−1). In the critical temperature range between 0° 
and −130°C, where ice crystallization can occur, cooling rates ap-
proached the theoretical thermal diffusivity–limited rate of about 
13,000°C/s (fig. S1, A and B). This indicates that thinner samples, 
such as 10- to 15-mm-thick samples containing adherent mammalian 
cells, can reach cooling speeds of up to 200,000°C/s (fig. S1B). 
Wide-field fluorescence imaging before and during cryo-arrest of 
enhanced green fluorescent protein (EGFP)–expressing adhered 
HeLa cells indeed showed that cellular morphology was pre-
served, exhibiting no detectable ice crystals, which would result in 
fluorescence-free areas (31) inside of the cells (fig. S1C). This 
was further confirmed by the ultrarapid cooling of a 15-mm-thick 
rhodamine 6G solution, where microscopic ice crystals only emerged 
as fluorescence-free areas after subsequent slow rewarming (fig. S1D). 
Some fracturing after cryo-fixation did however occur, which 
can be explained by expansion of the solidified aqueous solution 
at −196°C (~1.8% in each dimension) (32, 33).

To first investigate whether the intricate subcellular organization 
of mammalian cells was preserved upon ultrarapid cryo-arrest, the 
dynamically maintained morphology of the endoplasmic reticulum 
(ER) (34) was imaged before and under cryo-arrest by multiple 

fluorescence microscopy modalities. To label ER membranes, the 
ER-bound T cell protein tyrosine phosphatase (TC-PTP) was fused 
to the fluorescent protein mCitrine (TC-PTP-mCitrine) (35) and 
stably expressed in MCF7 cells. Confocal laser scanning microscopy 
(CLSM) and wide-field fluorescence imaging before and during 
cryo-arrest showed that the fenestrated reticular structure of the ER 
that extends into the periphery of adherent cells was fully preserved 
after ultrarapid cryo-arrest (Fig. 1C and fig. S2, A and B). A variable 
level of fractures occurred in the surrounding medium, infrequently 

Fig. 1. Ultrarapid cryo-arrest microscopy. (A) Photograph and schematic of ultra-
rapid cooling device. Cyan dashed circle: heat exchanger unit; red arrow: flow of 
liquid nitrogen (LN2) with gaseous He toward diamond heat exchanger; green arrows: 
expanded gas outflow. The whole cooling device is lowered above an epifluores-
cence microscope objective. (B) Measured temperature course (50-mm constantan- 
copper thermocouple in 100-mm aqueous sample). (C) CLSM of TC-PTP-mCitrine 
in a MCF7 cell before (at indicated time, 3.7-s scan time) and during cryo-arrest 
(10 frames, 37-s scan time). Right: Corresponding wide-field fluorescence image 
shown in inverted gray scale to visualize dim extensions of the endoplasmic 
reticulum. (D) mCitrine photobleaching at room temperature (orange; N = 9) 
and under cryo-arrest (blue; N = 9); 100 wide-field frames. l: photobleaching rates 
(mean ± SD). (E) Sum (left) and SRRF reconstruction (right) from 100 wide-field 
frames under cryo-arrest. Scale bars, 10 mm.
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Fig. 1 Ultrarapid cryo-arrest microscopy. (A) Ultra-rapid cooling device. Cyan dashed circle: heat exchanger unit; red arrow: 
flow of liquid nitrogen (LN2) with gaseous He toward diamond heat exchanger; green arrows: expanded gas outflow. The cooling 
devide is lowered above an epifluorescence microscope objective. (B) Measured temperature course (50µm constantan-copper 
thermocouple in 100µm aqueous sample.) https://www.science.org 
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We are now looking for a licensing, or collaboration partner to further develop this project. 

Patent Information 
 

International patent WO2022229231 was filed in 2022. 

Publication  
• Huebinger et al. (2021). Science Advances.  

DOI: 10.1126/sciadv.abk0882; 
• Huebinger & Bastiaens (2025). BioRxiv.  

DOI: 10.1101/2025.09.26.678528 
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