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Highlights

	� Confocal assessment of nuclear pore protein colocalization is resolution-limited 
and may produce misleading results

	� STED reveals true nanoscale organization of the nuclear pore

	� STED allows quantitative spatial analysis of protein colocalization

	� STED is a natural extension of confocal workflows

Introduction
Colocalization analysis is a cornerstone of fluores-

cence microscopy, widely used to infer spatial rela-
tionships between proteins and cellular structures. 
Confocal microscopy is the standard for such stud-
ies, offering optical sectioning and multicolor imag-
ing. However, its spatial resolution is fundamental-
ly limited by diffraction to ∼200 nm laterally. Many 
biological structures are smaller or more densely 
packed than this. Consequently, their signals over-
lap in confocal images, often leading to inflated 
or ambiguous colocalization values (1,2). If your  

cellular  
architecture

research requires quantitative nanoscale insight, 
this poses a fundamental challenge. 

Stimulated emission depletion (STED) microsco-
py extends confocal workflows into the nanometer 
scale, enabling researchers to turn colocalization 
from an approximation into a meaningful quantita-
tive measurement. 

Why can confocal colocalization be misleading?
In a confocal microscope, fluorescent signals orig-

inating from distinct but closely spaced structures 
are blurred into a single diffraction-limited spot. 

Figure 1: Colocalization analysis of two nuclear pore proteins. a) Representative two channel images of nuclear pore proteins; pro-
teins labeled are ELYS (NUP ring in cyan, abberior STAR RED) and Mab414 (NUP center in red, abberior STAR ORANGE). Scale bars 
are 5 µm in the overview and 1 µm in the inset, respectively. b) Calculating Pearson’s and Manders’ coefficients from n=10 nuclei in 
the images in a) highlights the difference in colocalization metrics between confocal and STED microscopy: both metrics are highly 
inflated in confocal imaging compared to STED. 
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As a result, apparent overlap does not necessarily  
reflect true molecular proximity but rather the size 
of the point spread function. In densely packed  
environments – such as protein assemblies or mem-
brane-associated complexes – this effect can lead 
to systematic overestimation of colocalization and, 
consequently, false conclusions (1,2).

How does STED overcome the diffraction limit?
STED microscopy overcomes the diffraction lim-

it by selectively switching off fluorescence around  
the focal center using a donut-shaped depletion 
beam (3). abberior STED systems such as MIRAVA  
POLYSCOPE and STEDYCON routinely achieve 
lateral resolutions of 30-50 nm while retaining the 
optical sectioning, multicolor capability, sample 
preparation, and imaging workflow of confocal  
microscopy.

How do colocalization metrics change with  
higher resolution?

Common metrics such as Pearson’s correla-
tion coefficient quantify intensity correlation, while 
Manders’ coefficients describe fractional signal 
overlap. In confocal data, both can be inflated by 
diffraction-driven signal mixing. By resolving close-
ly spaced structures, STED reduces false-positive 
overlap and separates adjacent signals into distinct 
features (1,2). Pearson’s coefficients become more 
sensitive to true spatial correlation, and Manders’ 
values more accurately reflect genuine molecular 
co-occurrence rather than optical blur. 

STED brings yet another significant advantage 
when addressing colocalization: using a single 
STED beam to deplete the signal from two or more 
different types of fluorophores guarantees that the 
two signals are perfectly coaligned and eliminates 
chromatic aberrations that would otherwise reduce 
the precision of colocalization analysis (3).

Why does nanoscale information matter?
The nuclear pore complex is a ∼100 nm structure 

composed of multiple protein subunits arranged 
in defined rings. In confocal images, different nuc-
leoporins often appear colocalized because their 
separation lies below the diffraction limit. STED  
resolves these substructures, revealing distinct spa-
tial patterns and enabling colocalization analysis that 
reflects the underlying molecular architecture rather 
than an averaged signal that obscures true biolog-
ical detail (4,5) (Fig. 1a). Pearson’s and Manders’ 
coefficients calculated from such images demon-
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STEDYCON

strate how the higher resolution of STED vs confocal 
strongly improves colocalization metrics (Fig. 1b). 

Conclusion
By extending confocal microscopy beyond the dif-

fraction limit, abberior STED systems enable strong-
ly improved structural separation. This enhances the 
interpretability and biological relevance of standard 
colocalization metrics and transforms colocalization 
analysis from a qualitative indication with inherent 
uncertainty into a quantitative nanoscale measure-
ment. For life science researchers, STED represents 
a natural extension of confocal microscopy – deliv-
ering reliable quantitative imaging and greater confi-
dence in biological conclusions. 
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