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Preparation of tissue samples for 
super-resolution imaging

technical guide

Cultured cells or organoids are useful at various stages of biomedical research and 
development, however, they cannot replicate the physiological conditions that whole 
tissues provide. In addition to physiologically relevant data, tissue samples provide 
information on the spatial context of cells in relation to one another, which is crucial 
when trying to understand a wide range of processes. Here we present an overview of 
tissue sample preparation for super-resolution imaging.

Tissue 
samples

Introduction

Traditionally, electron microscopy (EM) was the most common 
imaging method to characterize cellular and subcellular 
structures in tissues, while confocal immunofluorescence is also 
commonly used for larger structures or samples, albeit at lower 
resolution than EM. Each one of these methods has its own 
limitations. The development of single-molecule localization 
microscopy (SMLM) has opened doors to tissue imaging at the 
nanoscale level with the possibility to perform imaging of 
multiple targets in one sample. 

This technical guide offers a workflow of how to prepare tissue 
samples for SMLM, in which many of its principles are shared by 
other fluorescence microscopy techniques, namely: 

1.	 The sample is fixed to preserve the tissue and to slow down 
its degradation.

2.	 The sample is then embedded in a medium that improves 
structural integrity, and is subsequently sectioned using a 
(cryo) microtome.

3.	 The sample is mounted and stained to detect molecules of 
interest using fluorescently labeled antibodies. 

Tissue preservation

Different tissues have different characteristics, and the 
processing approach should be adapted according to these 
differences. The first processing step to be considered is tissue 
preservation, which will be discussed at length in this guide. 

Most importantly, clinical samples from patients, e.g., biopsies 
from tumors or organs are typically immersed in formalin or 
immediately frozen fresh to avoid degradation, whereas 
non-clinical samples, such as tissue samples or entire organs 
from rodents can also be preserved by perfusion fixation or 
whole-organ freezing.

Fixatives
It is essential to fix the tissue as soon as possible after collection 
in order to preserve the cellular structures and the native 
localization of proteins. The two most common fixation 
approaches are Formalin Fixed Paraffin Embedded (FFPE) and 
Fresh-Frozen (FF), i.e., rapid freezing of the tissue. For effective 
fixation, the diffusion speed of the fixative has to be considered, 
especially when fixing tissue samples of large volumes. 
Accordingly, larger samples will need longer incubation (i.e. 24 
hours) in the fixative, while smaller ones may require only a few 
hours. The two main mechanisms of fixation are cross-linking 
- the formation of covalent bonds within and between proteins 
- and coagulative fixation - dehydration of proteins using 
organic solvents. Formaldehyde solution, diluted in PBS in pH 
7.0, is the most commonly used fixative. 

Since full penetration to the sample can take up to 2 days, it is 
important to keep the sample in plenty of fixative, when a ratio 
of 40:1 fixative to sample is a good start. The fixation tempera-
ture can be slightly adjusted in order to gain better control of 
the required timing. However, care must be taken when 
increasing the fixation temperature, as it may result in the 
degradation of the sample. Another option to shorten the time 



©2025 ONITechnical Guide |  Tissue samples2

needed for full fixation is to cut the sample to smaller pieces. 

Some sample characteristics can be affected by the fixation 
approach. For example, the fixation method can affect autofluo-
rescence, and in some situations it can even compromize the 
tissue structures, and potentially make it more prone to artifacts 
caused by freezing and sectioning. If the latter occurs, it may be 
necessary to change the fixation method, its duration, or the 
temperature of either the fixation or the sectioning. 

Several commercial fixation solutions are available, most of 
them are formaldehyde-based. One of the key differences 
between them is their rates of penetration to the tissue. It may 
be necessary to try different fixatives before finding the optimal 
conditions for each protein target. Note that aldehyde-based 
solutions could induce auto-fluorescence, so it is particularly 
important to use proper controls to validate the specificity of the 
observed fluorescence. Alternatively, a quenching agent can 
also be used to reduce autofluorescence. 

Fixation process
Isolated tissues or organs can be passively immersed in fixative. 
However, when working with whole organisms, transcardiac 
perfusion of the fixative can be a good option, as it allows the 
systemic delivery of the formaldehyde solution throughout the 
whole organism. 

Fresh-Frozen (FF), the rapid freezing (or snap freezing) of tissues 
is an approach that can be used as an alternative to chemical 
fixation. For this, specimens are embedded in a medium called 

Optimal Cutting Temperature Compound (O.C.T. Compound) 
and then rapidly frozen. Freezing will be followed by cryosec-
tioning, while the samples are kept at -20°C. The frozen samples 
can be placed on a positively charged glass slide immediately 
after sectioning, however, the sections still need to be fixed by 
formalin solution before staining.

Tissue embedding 

Sample embedding is usually performed in a medium with 
similar mechanical properties to the tissue specimen, and is 
meant to support tissue sectioning. The most common medium 
used for embedding is paraffin wax. Prior to paraffin-embedding, 
samples must be dehydrated by replacing the water in the tissue 
with ethanol and xylene, and only then be replaced with warmed 
paraffin wax. Once the wax has infiltrated the sample, it is carefully 
positioned and supplemented with additional wax to form a 
block which would later be sectioned. While paraffin is important 
for tissue preservation, it could influence the accessibility of 
epitopes, so deparaffinization and rehydration of the sample 
prior to antibody labeling is required. Similarly, once thawed, FF 
samples also require fixation and rehydration in order to preserve 
the integrity of the sample. Embedding them in OCT before 
cryosectioning is a preferred method for this. This embedding 
method also provides improved epitope preservation as there is 
no exposure of the epitopes to harsh organic solvents or high 
temperatures during embedding or antigen retrieval. 

1. Sourcing a tissue sample

8. Imaging and analyzing the 
sample using Aplo Scope
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7. Incubating with fluores-
cently labeled antibodies

6. Blocking the sample 
with BSA or serum

5. Gently placing the 
section on a coverslip

2. Fixing the tissue in organic 
solution OR snap freezing it

3. Embedding in paraffin 4. Thinly sectioning the 
tissue using a microtome
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Tissue sectioning
In FFPE, tissue samples are first fixed with formalin and then 
embedded in paraffin, and are therefore stable at room temper-
ature. These paraffin blocks can be sectioned using a 
microtome. Sections are collected in water and are then 
mounted on coverslips. Once mounted, they can be processed 
immediately or stored for a long term.

Contrary to paraffin embedded samples, frozen samples, either 
fresh frozen or formalin-fixed frozen, are less stable and thus 
have to be stored and sectioned while frozen. This is performed 
using a cryo-microtome (cryostat). Sectioning temperature can 
be adjusted in order to stabilize the sections, and to make it 
easier to handle them later.

Thickness
Samples have to be sectioned as thinly as possible for imagining. 
For light microscopy, sections are usually between 4 µm and 10 
µm thick but should not exceed 10 µm. In addition to imaging 
considerations, the handling and storage of the tissue should be 
considered when optimizing the thickness of the sections.

Storage
FFPE sections are stable, and can be stored at room tempera-
ture both before and after sectioning and mounting on a 
coverslip, while FF sections are not fixed, and therefore are 
highly susceptible to degradation if exposed to higher tempera-
tures. Unless fixed, the long term storage of FF samples should 
be at -80°C both before or after the sectioning and mounting on 
coverslips.

Perfusion fixed samples can be stored at -80°C or -20°C before 
sectioning. After sectioning, the samples can be stored in 
NaN3-containing PBS for 3 months at 4°C, or otherwise 
mounted on coverslips and stored at -20°C.

Coverslip preparation

For SMLM, 1.5H high-precision-glass coverslips should be used, 
as they are compatible with the requirement of the microscope’s 
objective. These coverslips can be purchased pre-coated with 
Poly-L-Lysine (PLL) or Silane, or they can be coated before use. 
Both these agents promote the adhesion of the sections to the 
coverslip, hence preventing them from floating away during the 
staining. There are several options to coat individual coverslips, 
and one of them is to first dip them in acetone, then in methanol 
to remove contaminants, followed by a rinse in MilliQ water, and 
finally an immersion in a PLL solution. Next, rinsing the covers-
lips in MilliQ water and drying them. Once dry, coverslips can be 
stored in a dust-free box at room temperature for months.

Coverslip mounting
Mounting tissues on either microscopy slides or on coverslips 
requires a lot of practice in order to attach these without folding, 
wrinkling or introducing bubbles, all of which could affect 
microscopy applications. For SMLM, tissue sections should be 
mounted directly onto the coverslip and not on a slide, 
because of the unique features of the microscope’s objective. 
The tissue preservation method, the cutting temperature, the 
blade sharpness and angle, or the section thickness, can all 
influence the ease of mounting. In the first few attempts, it might 
be better to start with slightly thicker slices, e.g., 8 µm, in order 
to gain the necessary skills for good mounting.

Once the tissue is mounted, the coverslips can be air dried for 
10 minutes to ensure attachment. If staining of sections is 
performed in solution, the tissue section should be gently 
placed on a coated coverslip after the last wash and the excess 
buffer is removed. Care should be taken not to let the section 
dry completely. Where a small wrinkle or fold does occur, a small 
amount of PBS can be applied to the tissue to smoothen this 
out, however, this may not be applied for thin or delicate 
sections.

Sample labeling

Antigen retrieval 
Cross-linking from fixation, as well as other preparation steps, 
could lead both to inaccessibility of certain epitopes to anti-
bodies, and to the generation of new epitopes. This can lead to 
either a very weak detection signal, or to a non-specific signal. In 
these cases, a step for antigen retrieval may be needed. This can 
be done either by protease treatment or by heating the covers-
lips in a buffer to induce reversing of chemical bonds masking 
the epitopes.

Autofluorescence quenching
Several factors affect tissue autofluorescence, including the 
origin of the tissue and the treatments it underwent. If high 
autofluorescence is observed, it may be helpful to quench it 
prior to labeling with antibodies. Several commercial quenching 
reagents are available, when the level of success depends on 
the type of tissue and the fixation process, and also on the 
autofluorescence wavelength. Reagents such as sodium 
borohydride can also be used to reduce fixation-induced 
autofluorescence.

Blocking
A blocking stage is advisable to avoid non-specific binding of 
the antibodies. Blocking can be done with gently covering the 
sample in a BSA solution or in serum that originated from the 
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Aplo Scope supports both TIRF and HILO imaging of up to 5 
different colors, and dSTORM imaging of up to 3. The 
Nanoimager supports up to 4 colors in TIRF and HILO and up to 3 
colors in dSTORM. 

For dSTORM, the imaging buffer must be added immediately 
before imaging the sample. For methods like DNA-PAINT, while 
the biophysical principle of the fluorophore availability is 
different, the accurate timing of introducing the buffer remains 
the same. If it is not possible or not practical to image the 
sample immediately, the sample should be kept in PBS until 
ready to image. 

There are two main approaches to adding the imaging buffer: 
Using a cavity slide and directly pipetting on the tissue (See 
illustration below). When using a cavity slide, the imaging buffer 
is first applied to the cavity slide, and next the coverslip is gently 
lowered onto the solution, to align with the center of the cavity 
slide. Excess buffer should be removed gently by wiping it with 
a dust-free tissue paper. Applying gentle pressure can help 
securing the coverslip, however, care should be taken not to 
press the center of the coverslip, since this could create a 
vacuum and introduce bubbles between the tissue and the 
slide. Once the coverslip is placed, with the sample in the center 
of the cavity, seal the edges with nail polish. The slide should 
then be placed on the microscope platform with the coverslip 
side facing down, towards the objective. This approach ensures 
a sufficient supply of the imaging buffer for the duration of the 
imaging. Another option for introducing the imaging buffer is 
by gently pipetting it directly on the tissue sample, before 
covering with the slide and sealing with nail polish. Unlike some 
imaging techniques, where it is possible to image a sample 
multiple times, in SMLM each coverslip can be imaged only 
once, since separating the coverslip and the slide, as well as 
removing the imaging buffer, will likely result in damage to the 
tissue section.

same animal as the secondary antibodies used for detection, 
such as goat and donkey. Blocking buffers can be supple-
mented with detergents that permeabilize the tissue, allowing 
improved penetration of antibodies to epitopes. 

Sample labeling 
Much like with any other immunofluorescence-based assay, 
specific antibodies have to be used. These antibodies can be 
diluted in a buffer similar to the blocking buffer, with lower 
serum concentrations, with or without detergents. One option is 
to use primary antibodies that are directly conjugated to 
fluorophores. If these are not available, labeled secondary 
antibodies can also be used. In that case, it is important to use 
primary antibodies that are either derived from different species 
or derived from different antibody subtypes, to facilitate the 
specificity of the secondary antibodies. 

Blinking buffer
The success of SMLM imaging methods like dSTORM depends 
on the blinking of the fluorophores, which is the result of 
fluctuations in their emission rates. The ability to switch between 
an ON mode and an OFF mode is a feature of the fluorophore, 
and therefore, for SMLM it is essential to choose compatible 
fluorophores. More information on compatible buffers and 
fluorophores can be found on ONI’s website. 

One other consideration is the illumination angle to improve 
signal to noise ratio: TIRF (Total Internal Reflection Fluorescence) 
provides best signal to noise ratio although imaging is restricted 
to few hundreds of nanometers from the coverslips surface, HILO 
allows to image deeper, while still providing better signal to noise 
ratio than epillumination, and could be more suitable to tissue 
imaging in case the structures of interest are away from coverslip. 
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