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As a demonstration of further applications of the superoscillatory microscope we have 
imaged different cell types using the different modalities of our instrument (Figure 7). We have 
opted to study morphologically and ultrastructurally distinct cells of the nervous and skeletal 
systems as they are routinely investigated using conventional microscopy. Figure 7 a shows a 
live image taken by the superoscillatory microscope of an unlabelled MG63 cell (human bone 
cell line), with zoom-ins detailing a single filopodium: an actin-filled protrusion used by the 
cell in its migration across the coverslip. Cancer cells are known to have modified migratory 
behaviour, making study of these systems highly relevant. Panel b shows the growth cone of 
an unlabelled mouse hippocampal neuron, where the characteristic fan shape is seen in great 
detail. The growth cone, at the leading tip of growing neuronal connection, determines how 
neurons form the networks that underlie functionality of the brain. Both the images of the bone 
cell and the growth cone exhibit a complexity from subcellular anisotropic structures. Such a 
complexity is to be expected from earlier Polscope 34,35 studies as well as 3D electron 
tomography of fixed cells, such as the immortalized pancreatic beta cell line, HIT-T1551. 

In Figure 7 c we show a non-polarised superoscillatory reflection image of an unlabelled 
MG63 cell taken from a real-time video captured at 3 frames per second. This also shows 
filopodia and superoscillatory spatial resolution but not the super-resolution of the anisotropic 
complexity exhibited in panel a. It does demonstrate an additional mode of the superoscillatory 
microscope. This type of reflection-mode imaging goes beyond conventional resolution, which 
is very helpful in understanding the adhesion of cells to surfaces, which are key regulators of 
cell behaviour and inter-cell signalling.  

As well as the novel polarisation-contrast imaging, the fact that we have developed our 
microscope on a conventional confocal platform allows simultaneous capture of fluorescent 
images, enabling the correlative microscopy that is becoming increasingly important in 
biological imaging. Figure 7 d shows a two-colour image where the green channel shows the 
magnitude of anisotropy with superoscillatory resolution and the red channel shows 
diffraction-limited confocal fluorescence from MitoTracker (a live-cell-compatible 
mitochondrial reporter). Images like this allow us to unpick the detail of the polarisation coding 
and eventually determine which biological structures are causing the polarisation signal, giving 
insight into cellular dynamics.  

Collectively, these images show living cells in real time with minimal perturbation. They 
demonstrate how the superoscillatory instrument may be applied across a range of important 
biomedical areas, revealing new information in critical areas of study, such as the biomechanics 
of cancer and the mechanisms of neuronal dysfunction.  

Conclusions 
Our paper reports new label-free biological imaging that beats in resolution all other label-free 
techniques. We provide, for the first time, a mathematical description of a super-resolution 
imaging apparatus exploiting superoscillatory illumination of the sample with confocal 
detection of the image formed by a conventional lens. We show that super-resolution can be 
achieved by this bandlimited optical instrument because the obtained image is a two-
dimensional superoscillatory function. Hence, the spatial resolution of our microscope is set by 
the size of the superoscillatory hotspot and can break the Abbe-Rayleigh diffraction limit. We 
demonstrate that the local spatial resolution of a superoscillatory imaging system depends on 
the size of superoscillatory hotspot that, in principle, can be arbitrarily small. We outline the 
construction of an imaging apparatus that is a modification of a conventional commercial 
optical microscope where conventional illumination is replaced with beam shaping optics 
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based on spatial light modulators. We show that our microscope can image minimally-
perturbed living cells with super-resolution at video frame rates, allowing new insights into 
their biological function.  Finally, we show the potential for correlative microscopy where 
super-resolution polarised microscopy can be combined with standard fluorescence-based 
confocal detection, promising an avenue to identify the biological structures behind the 
complex anisotropic features recorded.  

Superoscillatory polarisation contrast imaging is a new approach in the fundamentally 
important quest for ever higher resolution biological imaging with minimal perturbation of the 
sample. Using standard Siemens Star resolution test patterns, we have demonstrated a 
resolution close to the size of the illuminating superoscillatory hotspot and a factor of 1.5 better 
than that of bright-field imaging. Moreover, we show that this resolution can be translated into 
biological samples using laser powers 10-100 times lower than fluorescent confocal 
microscopes. The capabilities of our microscope have been demonstrated on different cell types 
in different microscopy modalities, showing that it can work on a range of cell morphologies 
and scales and in a range of applications. The unique combination of advantages: unlabelled 
super-resolution, simple implementation, no a priori knowledge of the sample and low 
phototoxicity, makes imaging with superoscillatory illumination a powerful tool for biological 
research and super-resolution imaging of samples that do not allow labelling, such as silicon 
chips. 

Supplementary material 
See supplementary material for a detailed description of the microscope construction, a 

comparison between confocal and superoscillatory imaging, and extended captions for the 
videos in Figure 7. 
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false-colour scheme used in b and d. Panel a is deliberately slightly defocused to provide brightfield contrast in 
the transparent axon sample. Panel c: Superoscillatory image of a live neuronal segment. Panel d: Profiles along 
the lines shown in panel c. 

Figure 7: Different modalities of superoscillatory imaging of living cells. (a) Superoscillatory polarisation-
contrast image of unlabelled MG63 cell. Inset shows an enlargement of a filipodium. (b) Superoscillatory 
polarisation-contrast image of a growth cone in an unlabelled mouse neuron. See text for a description of the false-
colour scheme used in a and b. (c) Non-polarised reflection mode superoscillatory image of an unlabelled MG63 
cell. (d) Superoscillatory image (magnitude only, green channel) combined with a confocal fluorescently labelled 
image (MitoTracker red, red channel) of an MG63 cell. (Multimedia view - See supplementary information for 
details of video.)  
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