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iv) Results 

Results 2017: Identification of physical, morphological and functional 

particularities of mixed microalgae – activated sludge granules 

Objectives: Gaining new knowledge on the basics of the phenomenon and observable 

facts that govern the mixed microalgae – activated sludge granules formation and the 

functionality of the induced symbiotic system. 

Activity 1.1. Microorganisms identification and characterization. Identification and 

characterisation of the microorganisms forming the community of mixed microalgae – 

bacteria granules, with a special focus on biotechnological useful species (microalgae 

with high capacity of lipid accumulation or high capacity of bio-hydrogen generation and 

nitrification, nitrifiers, denitrifiers and phosphorus accumulating bacteria) using modern 

molecular biology techniques such as PCR, RT-PCR, qPCR, DNA electrophoresis, as 

well as enzymatic techniques. 

 

 
The microalgae-bacteria granular system is an alternative system (Fig.1) with applications 

in the field of waste water treatment. The activated sludge granules are characterized by 

a high sedimentation rate (at maturity reaching 18-31 m / h), and their use ensures almost 

a complete removal of microalgal biomass from the reaction medium by gravitational 

sedimentation (microalgal cell recovery being over 99%). 
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Fig. 1. Microalgae-bacteria granular system a) and its microscopic structure of the 

activated sludge 

 

 
Analysis of the bacterial population profile by metagenomic studies (Fig. 2) and gene 

expression (qPCR) revealed a compact and stable bacterial population community based 

on bacteria involved in nitrification, denitrification, phosphorus accumulation as well as on 

microalgae genes involved in lipid accumulation and high potential hydrogen generation. 



 
 

Fig. 2. The structure of the PCR-amplified 16sADN regions (www.microsynth.ch) 

 

Activity 1.2. Granules characterization – interstructural relationships: Granules will be 

analyzed from the morphological – structural and functional points of view. Through 

advanced electronic and correlative microscopy detailed information related to the 

relationship between granules structure / ultrastructure, three dimensional organization 

of microorganisms within the granular structure and functions of their components at 

various resolution levels and in specific induced functional contexts will be collected. Test 

will be conducted during granules cultivation and at various time periods in order to 

evaluate the influence of essential parameters variation such as: settling velocity, size 

distribution, shape, growth rate and compaction degree. This will allow the correlation of 

operational parameters with the physical, morphological and functional particularities of 

the granules. The activity is focused mainly on the study of symbiotic relationship between 

microalgae and bacteria and how the granules morphology influences the efficient 

nutrients/metabolites transfer between microalgae and bacteria species. 

 

 
The 3D Maps of Microalgae-Bacterial activated granular sludge were obtained by 

Correlative and Electronic Microscopy Techniques 

The obtained granules were analyzed morphologically - structural and functional by 

advanced techniques of electronic and correlative microscopy. The approach of 

microalgae-bacterial granule analysis by two complementary microscopic techniques 

allowed analysis of some characteristics (sedimentation velocity, size distribution, shape, 

growth rate and compaction degree) and their correlation with the operational parameters 

of the bioreactor used. Microscopic stereo analysis (Leica M205 FA) allowed to obtain 

whole grain images (Fig. 3) 
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Fig. 3. Microalgae-Bacterial activated granular sludge.a) Bright Field Images of 
Magnification 0.78, b) Magnification 1.6 

 

Detailed analysis of an activated sludge granule has generally revealed a relatively 
homogeneous compaction degree (Fig. 4) where the microalgae have a lipid 
accumulation. 

Fig.4. Activated sludge granule.a) bright field picture (zoom. 7.58X), b) Fluorescence 

picture (zoom 6.82), Contrast Ratio image (zoom 4.27) 

 

Activity 1.4. Results exploitation and dissemination 

See Dissemination section 
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