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While conventional microscopy techniques are still widely used for scientific research,
super-resolution microscopy (SRM) is increasingly popular for the greater level of detail it
provides. Specifically, by overcoming the optical resolution limit of established
microscopy methods, super-resolution microscopy allows researchers to observe sub-
cellular processes such as mitochondrial function, synaptic vesicle release, and the
formation of microtubule protofilaments, and can reveal how these essential functions
are impacted by aging or disease. The field of super-resolution microscopy is evolving
rapidly with advances in instrumentation and the development of novel reagents such as
monovalent antibody fragments and brighter, more photostable fluorescent dyes. Here,
we explain the underlying principles of super-resolution microscopy and highlight some
of the many different methods that have been reported within the last 30 years.

What is super-resolution microscopy?

Super-resolution microscopy encompasses a growing number of techniques that overcome the optical
resolution limit of conventional microscopy methods. This limit is imposed by the wavelength (A) of light
used to illuminate the sample and the numerical aperture (NA) of the microscope objective, and is defined
by Abbe’s law, which states that the lateral resolution is equal to A/(2NA) and the axial resolution is equal

to 2A/NA”. In practice, this means that, with conventional microscopy, researchers can only attain a

resolution of around 250 nm in the x and y directions and 470-670 nm in the z direction’. Super-resolution
microscopy is capable of much lower resolutions, in some cases down to just a few nanometers, although
the exact value will vary depending on the method being used.

How are SRM techniques categorized?

Super-resolution microscopy techniques can be broadly divided into two main categories. The first of
these, known as ensemble techniques, reduce the diameter of the point spread function (PSF), which is the
fixed size of the spread of a single point of light following its diffraction through a microscope, commonly
defined by the Rayleigh criterion (R=0.61A/NA). To do this, ensemble techniques restrict the production of
fluorescent signals to a single focal point within the PSF by forcing any peripheral fluorophores to

immediately return to a ground state following excitation*. Contemporary ensemble techniques include
Stimulated Emission Depletion Microscopy (STED), Ground-State Depletion Microscopy (GSD), and
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Structured lllumination Microscopy (SIM), which were respectively reported to resolve 35 nm, 15 nm, and

~100 nm when they were first described in the literature®*”,

Excitation PSF STED Saturated Effective PSF
pattern depletion

ko

Ky-mode
+

Y zero point

Figure 1: In optical microscopy, imaging is achieved by light rays from a point source converging to a
single point at the image plane. Beyond the limits of light diffraction exact convergence of the rays is
prevented, leading to the image of the object blurring. The resolution of a microscope is determined by the
size of the point spread function (PSF), or three-dimensional intensity distribution of the object at a point.
In STED a donut-shaped depletion laser is applied with the zero point overlapping the maximum of the
excitation laser focus. The STED laser causes “saturated depletion” of fluorescence, whereby
“fluorescence from regions near the zero point are suppressed, leading to a decreased size of the effective
PSF”. Reproduced from Huang et al. (2009).

Single-molecule localization microscopy (SMLM) techniques instead work by detecting small numbers of
individual fluorophores at different points in time before combining all of the data to construct an image.
They rely on the use of photoswitchable fluorophores that can be interchanged between a long-lived dark
off-state and a bright on-state, and allow for 3-dimensional (3D) imaging by analyzing both the position of

each fluorophore and the shape of its PSF®. Examples of SMLM techniques include Photo-Activated
Localization Microscopy (PALM) and Stochastic Optical Reconstruction Microscopy (STORM), as well as
direct STORM (dSTORM), which improves on the original STORM method by replacing matched pairs of

activator and reporter dyes with a single fluorophore”®°. Resolutions in the region of 20 nm have been
reported for SMLM, although this value looks set to become lower.

Learn more about STORM and STED

Fluorophore considerations for super-resolution microscopy

When performing ensemble techniques such as STED, GSD, and SIM, it is recommended that researchers
select fluorophores which are resistant to photobleaching, have high quantum yields, and are small
enough to provide a sufficient labeling density for detecting the target of interest. Dyes that are useful for
these methods include Alexa Fluor® 488, FITC, and Alexa Fluor® 594, as well as the abberior STAR dyes,
which are especially valuable for STED. For SMLM techniques like PALM, STORM, and dSTORM,
fluorophores should again be very bright (have high quantum yields) and should generate enough photons
to reliably produce tight Gaussian distributions (narrow emission spectra) and ensure high precision.
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Examples of dyes that can be used for SMLM include many of the Alexa Fluor® dyes (e.g., Alexa Fluor®
488, 647, and 680), as well as Cy™ dyes such as Cy™5.

Learn more about JIR conjugates for SRM

How can antibody fragments benefit super-resolution microscopy?
Most super-resolution microscopy techniques were developed using fluorophore-labeled antibodies.
However, the large size of whole antibody molecules (10-15 nm) results in fluorophores being distant from

the target, while antibody multivalency risks clustering, which could complicate downstream analysis'’.
Smaller, monovalent alternatives such as antibody fragments (Fabs) and single-domain (VHH) antibodies
offer many advantages for high-resolution imaging, including higher density labeling and better sample

penetration, and are being used for novel research applications such as live-cell STED".
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Figure 2: Single color microscopy. Indirect immunostaining was performed with JIR AffiniPure
VHH™ Anti-Mouse antibodies conjugated to Abberior STAR RED. Clear improvements in resolution
can be seen when comparing confocal to STED microscopy.

Supporting super-resolution microscopy

Jackson ImmunoResearch specializes in producing secondary antibodies for life science applications. We
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offer an extensive selection of secondary antibodies that are conjugated to fluorophores, including dyes
that have been literature-cited for super-resolution microscopy, as well as our range of AffiniPure-VHH™
secondaries, which are now available from Abberior conjugated to their super bright STAR dyes making
them an excellent choice for SRM.

Learn more about VHH fragment antibodies for super-resolution microscopy here

i

Nanobodies® for Super Resolution Microscopy
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