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Cyanobacteria (blue-green algae) are photosynthetic aquatic organisms of major environmental 

significance. They play a vital role in the nitrogen and carbon cycles and are a major source of nutrients 

for higher-order species. [1] Synechococcus elongatus Nageli (PCC 7942) is a freshwater cyanobacteria 

that resides in well lit water to perform photosynthesis. Simultaneously with the existence of these 

unicellular organisms, human actions have increased the amount of microplastics in freshwater and 

marine reservoirs. Microplastics are particles of polymer of less than 5 mm in size, released either 

directly from consumer products (cosmetics, decorations) or after weathering of larger polymer pieces 

(packaging, fishing gear). [2] In spite of the importance of cyanobacteria in global ecology, only few 

studies on their interaction with microplastics can be found on the literature. [3,4] 

 

In this work, the interaction between PCC 7942 and microplastics of different compositions and sizes 

was studied using cryogenic scanning electron microscopy (cryoSEM) and fluorescence microscopy. 

The cyanobacteria were grown in BG-11 medium and exposed to two types of microplastics for up to 30 

days: 100 nm polystyrene (nanoPS) and 10 µm polystyrene (microPS). A Zeiss SIGMA VP field 

emission-scanning electron microscope with a Gatan Alto2500 cryogenic stage was operated at 3 kV.  

Three microliters of each sample were pipetted on a cryoSEM stub, frozen in slushed liquid nitrogen and 

loaded into the pre-chamber at -130°C under vacuum. The samples were cryofractured, sublimed for 3 

minutes at -100°C, and sputtered with platinum. The samples were maintained at -130°C during 

cryoSEM imaging. For optical imaging, 7.5 µL of sample were placed on a glass slide and covered with 

a coverslip. Dark field and fluorescence images were acquired in transmission mode with a Cytoviva 

microscope equipped with a dual mode fluorescent module. The dark field images, showing the position 

of the microplastics, and the real-color red auto fluorescence, coming from the chlorophyll of the 

cyanobacteria, were collected and overlaid with ImageJ. [5]  

 

Adhesion of cyanobacteria to the microPS was observed both by optical microscopy and cryoSEM 

within 3 days of exposure, see Figure 1. Extracellular polymeric substances can be observed, likely 

contributing to cyanobacteria-polymer attachment and biofilm formation. The amount of cyanobacteria 

and extracellular substance attached to the microPS increases over time, contributing to heteroaggregate 

formation. Similar behavior was found for the nanoPS and cyanobacteria interaction. Figure 2 shows the 

different morphology of the cyanobacteria-microplastic aggregates depending on the size of the 

microplastics. While for the microPS the bacteria and extracellular substance covers the microparticles, 

for the nanoPS compact aggregates of nanoplastics, possibly linked together with extracellular 

substances, are embedded in the extracellular substance network connecting the bacteria. The formation 

of heteroaggregates for both microplastics is reflected in the visible formation of precipitates at the 

bottom of the vials with the characteristic green color of this cyanobacterium. The nanoPS drove the 

formation of larger heteroaggregates that sink dramatically. 

 



CryoSEM and optical microscopy have demonstrated the mechanism of formation of heteroaggregates 

between microplastics of different sizes and cyanobacteria. The formation of these heteroaggregates has 

the potential of changing the vertical distribution of microplastics in freshwater ecosystems, as observed 

by enhanced precipitation of cyanobacteria and microplastic agglomerates. The sinking of aggregates of 

microplastics and cyanobacteria can have different consequences: it might help removing microplastics 

from the freshwater column, but it can lead to reduced photosynthetic rates for the cyanobacteria due to 

displacement towards deeper, less lit waters. [6] 
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Figure 1.  Cyanobacteria exposed to microPS for 3 (left), 12 (center) and 26 (right) days: cryoSEM 

(main images) and dark field and fluorescence microscopy (inset in center). Scale bar: 10 µm 

 

  
 

Figure 2.  Cyanobacteria exposed to microPS (left) and nanoPS (right) for 26 days: cryoSEM (top). 

Inset: photography of bottom of vial showing heteroaggregation at 30 days. Scale bar: 5 µm 


