
The COMET center acib: Next Generation Bioproduction is funded by BMK, BMDW, SFG, Standortagentur Tirol, Government of Lower Austria und Vienna Business Agency in the framework of COMET - Competence Centers for Excellent

Technologies. The COMET-Funding Program is managed by the Austrian Research Promotion Agency FFG. .

acib GmbH • Krenngasse 37/2 • 8010 Graz • Austria • www.acib.at

Applicability of non-invasive and live-cell 

holotomographic imaging on fungi1

a Austrian Centre of Industrial Biotechnology (ACIB), Petersgasse 14, 8010 Graz, Austria, b Institute of Chemical Engineering, Environmental and Bioscience 

Engineering, TU Wien, Gumpendorferstraße 1A, 1060 Vienna, Austria, *presenting author, E-mail: felix.fronek@tuwien.ac.at

The ability to acquire three-dimensional (3D) information of cellular structures without the need for 

fluorescent tags or staining makes holotomographic imaging a powerful tool in cellular biology. The 

technique is based on quantitative phase imaging (QPI), an advancement of phase contrast 

microscopy (PCM), that utilizes the refractive index (RI) to visualize low-contrast specimens. 

Through illumination of the sample from all possible angles, as shown in Figure 1, a 3D RI map can 

be reconstructed2. In contrast to PCM, RI values can be assigned to each voxel, enabling 

quantification. Here, we demonstrate the applicability of holotomographic live-cell imaging on 

Aspergillus niger and study their subcellular structures.

BACKGROUND
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Live-cell holotomographic imaging of fungal organisms offers advantages over conventional high-resolution live-cell imaging techniques. The 

absence of fluorescent labels and the low light intensity make it an excellent choice for long-term 4D imaging. In addition, quantitative 3D information 

can be obtained. Here, we show that distinct subcellular structures, such as vacuoles and lipid droplets, are visible in the RI map. We have also 

identified the fungal cell wall as a major limitation of this microscopy technique, as it interferes with the illumination laser. However, in combination 

with fluorescence microscopy, it is possible to track tagged proteins inside the fungal cell.
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Figure 1: Principle of holotomographic microscopy.
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Degradation of the fungal cell wall enables non-invasive 

localization of nuclei in conidia and hyphae

Figure 4: Images of an engineered A. niger strain expressing the histone H2A tagged with 

sGFP. (A) shows the strain with an intact cell wall. (B) shows a hypha after cell wall digest and 

(C) shows a protoplast. Scalebar: 10 µm.

While the nuclei are not visible in the RI signal of image A, they can be seen as darker 

spots in images B and C, marked with green arrows.  

RESULTS

The resulting data contains 96 individual 2D holotomograms.

This data can be utilized to reconstruct a 3D RI map (Fig. 2A) or

to generate a Z-projection (Fig. 2B). The Z-projection contains

the most relevant information of the 2D holotomograms,

depending on the projection type (i.e. maximum intensity,

standard deviation, etc.).

Figure 2: (A) 3D RI map reconstruction by the software of the 

microscope. (B) Schematic view of the generation of a Z-projection 

from 2D holotomographic slices. Scalebar: 20 µm.
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spatio-temporal resolution:

• x,y: 180 nm; z: 360 nm

• t: 1.7 sec
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Identification of subcellular structures by

refractive index patterns in Aspergillus niger

Figure 3: (A) Lipid droplets (LDs) in A. niger were stained with Nile 

Red. (B) Vacuoles of A. niger were stained with CDCFDA. Scalebar: 

10 µm.

LDs appear as bright dots (white arrows) and vacuoles as darker 

areas (green arrows) in the RI signal.
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Figure 5: Time series of an engineered A. niger strain expressing the histone H2A tagged with 

sGFP. The image of the RI signal is merged with the image of the fluorescent signal. Scalebar: 

10 µm.

GFP-tagged histone H2A enables visualization of nuclear 

migration and division during hyphal growth and branching

Between 11:08 h and 13:20 h, lateral branching events occur. At 13:44 h, all visible 

nuclei in the depicted hypha have divided. The image at 14:00 h shows the formation of 

two septa, arresting one nucleus in a subapical compartment (green arrow). In 

subsequent images, nuclei in the adjacent apical compartments show simultaneous 

nuclear division, while the marked nucleus in the subapical compartment does not 

undergo nuclear division or migration.
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