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1. Background 

 

At my workplace, Albitech Biotechnológiai Kft., I have been working over the past 10 years 

with a Klebsormidium green alga species isolated from a cave. It has been proven that the isolate 

can be cultivated not only in flasks but also at pilot-scale, despite its filamentous organization, 

providing an excellent foundation for the potential biotechnological applications of the species. 

We conducted numerous preliminary experiments to understand the properties of the algal 

strain, during which we investigated, among other things: 

1. its ability to colonize soil, 

2. its UV resistance, 

3. its effect on the moisture content of different soil types, and 

4. its plant growth-promoting effects. 

 

Within the framework of my doctoral (PhD) studies, I continued my research based on the 

experiences gained and the information collected during these preliminary experiments. 
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2. Objectives 

2.1. ECOPHYSIOLOGICAL INVESTIGATION OF A CAVE-ISOLATED KLEBSORMIDIUM STRAIN 

The aim of this chapter is to characterize, from ecological and biotechnological perspectives, a 

previously unstudied Klebsormidium strain of cave origin. To achieve this, I investigated the 

growth dynamics and photosynthetic activity of the cave-isolated strain under different 

temperature conditions and analyzed the temperature dependence of brassinosteroid-type plant 

hormones present in the cultures. 

2.2. DEVELOPMENT OF A RICE LEAF BENDING BIOASSAY FOR DETERMINING BRASSINOSTEROID 

(BR) CONTENT IN ALGAL CULTURES 

The aim of this study was to develop a simple and cost-effective method to estimate the 

approximate amount of biologically active BRs present in Klebsormidium cultures without 

using expensive analytical instruments. 

2.3. EFFECT OF ALGA-DOMINATED BIOLOGICAL SOIL CRUST ON SOIL 

The objective of this research was to (i) examine whether a biological soil crust can form upon 

field application of the investigated Klebsormidium strain, (ii) investigate the effect of the 

biological soil crust on soil moisture and porosity, and (iii) assess whether algal inoculation 

influences erosion losses under simulated artificial rainfall conditions.  
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3. Material and Methods 

3.1. ECOPHYSIOLOGICAL INVESTIGATION OF A CAVE-ISOLATED KLEBSORMIDIUM STRAIN 

 

3.1.1. ISOLATION AND ALGAL CULTIVATION CONDITIONS 

The biofilm containing the investigated algal strain was collected from the wall of a cave in 

northern Hungary (GPS coordinates: 47.90067, 20.37917). The culture was maintained in 

modified BBM medium (Bold’s Basal Medium, Starr and Zeikus 1993) at 20 ± 2°C under 35 

µmol photons m² s⁻¹ light intensity on a shelf equipped with illumination. 

 

3.1.2. IDENTIFICATION OF THE ALGAL STRAIN – DNA SEQUENCE ANALYSIS 

PCR amplification of the 18S rRNA gene and ITS region was performed using the primers 

Euk328f–Chlo02R (Moon-Van der Staay et al., 2000; Zhu et al., 2005) and ITS_f–ITS_r (Liu 

et al. 2014), following protocols by Somogyi et al. (2013) and Greipel et al. (2023). Sequences 

were identified using BLAST (GenBank; Sayers et al. 2022), SINA (Pruesse et al. 2012), and 

ClustalW (MEGA 11; Tamura et al. 2021). Phylogenetic trees were reconstructed based on 817 

bp (18S, K2 model) and 757 bp (ITS, K2P+G model). 

 

3.1.3. OXYGEN YIELD MEASUREMENTS 

Experiments were conducted in a 9-cell photosynthetron. Measurements were performed at 

nine different light intensities (0, 5, 18, 40, 100, 200, 450, 900, and 1200 µmol photons m⁻² s⁻¹ 

PAR) and ten different temperatures (5, 10, 15, 20, 25, 30, 35, 40, 45, and 50 °C). Dissolved 

oxygen was measured with an LDO sensor. Chlorophyll-a content of algal samples was 

determined spectrophotometrically (Caesar et al. 2018). Photosynthetic and respiration rates 

were calculated per biomass according to Wetzel and Likens (2000). 

 

3.1.4. DETERMINATION OF PHOTOSYNTHETIC ACTIVITY BY CHLOROPHYLL 

FLUORESCENCE MEASUREMENTS 

After homogenization, the Klebsormidium culture was transferred to Karlsruhe flasks and 

incubated in darkness at 5–50 °C for 1 hour. Rapid light and fluorescence induction curves were 

then recorded using a DUAL-PAM-100 device. Rapid light curves were recorded over 11–830 

µmol photons m⁻² s⁻¹, and induction curves at 131 µmol photons m⁻² s⁻¹. Both measurements 

used 600 ms saturating light pulses of 10,000 µmol photons m⁻² s⁻¹. Key photosynthetic 

parameters were calculated by the instrument software. 
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3.1.5. DETERMINATION OF GROWTH RATES 

Growth rates of the Klebsormidium culture were studied at 10–40 °C in a growth chamber using 

150 mL batch cultures (n=4). Cultures were maintained for four days under 85 µmol photons 

m⁻² s⁻¹ cool white light with a 12:12 h photoperiod. Optical density (OD750) was measured 

daily, and specific growth rates (µ) were calculated according to Krzemińska et al. (2014). 

 

3.1.6. BRASSINOLIDE DETERMINATION 

For LC–MS analysis, 600 mL of culture was filtered through Whatman GF/F filters, followed 

by solid-phase extraction (SPE) on polymer weak cation-exchange cartridges using an 

AutoTrace 280 device (Maász et al. 2019). Samples were resuspended in acetonitrile. 

Brassinolide (BL) standards were prepared in a calibration range of 5–1000 ng L⁻¹. Separation 

was performed on an Agilent HPLC system with a Phenomenex Kinetex Polar C18 column 

using an ACN/water (0.1% formic acid, 10 mM ammonium formate) gradient. BL detection 

was carried out on a Bruker amaZon SL ion trap mass spectrometer (ESI+, MS/MS) based on 

m/z 315.56 and 479.68 ions. Data were processed using Bruker Compass DataAnalysis 4.4 SR1 

software. 

 

3.2. DEVELOPMENT OF A RICE LEAF BENDING BIOASSAY TO DETERMINE BRASSINOSTEROID 

CONTENT IN ALGAL CULTURES 

 

3.2.1. RICE LEAF BENDING BIOASSAY (RLIA) AND APPLIED RICE VARIETIES 

Four rice varieties were used: 'Arsenal', 'Hoshinoyume', 'M 60', and 'Koshihikari'. BR content 

in prepared samples was determined following Han et al. (1997). Rice seeds were soaked in tap 

water for 48 hours and germinated on distilled water agar in darkness at 30°C. Seven-day-old 

seedlings of uniform height were cut into 4 cm segments from shoot tips and incubated in 

distilled water at 30°C for 24 hours. Segments were treated, and after incubation (30°C, dark, 

48 hours), the angle (α) between the second leaf blade and the stem was measured using ImageJ. 
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3.2.2. SAMPLE PREPARATION AND UHPLC-MS/MS ANALYSIS 

Eighteen liters of Klebsormidium culture were used. After centrifugation, the supernatant was 

removed, and cell mass was extracted overnight at 5°C with four times its volume of 80% ice-

cold methanol. The extract was centrifuged again, supernatant stored cold, and extraction 

repeated. The collected supernatant was purified on an SPE column, evaporated to dryness 

under rotary vacuum, and dissolved in 20 mL water. Prior to analysis, samples were derivatized 

with 3-(dansylamino)phenylboronic acid (Gamoh et al. 1990). UHPLC-MS/MS was performed 

using a Dionex Ultimate3000 UHPLC system coupled with an Orbitrap Q Exactive Focus mass 

spectrometer (positive ESI). Column: Kinetex C18. Eluents: A: 0.1% formic acid, B: 

acetonitrile:0.1% formic acid (80:20). Gradient: 0 min: 80% B → 5 min: 100% B → 10 min: 

100% B. ESI parameters: 3500 V (+), capillary temperature 256°C, N₂ gases: 47.5 / 11.25 / 2.25 

units. MS/MS: 70,000 resolution, 50 eV collision energy; precursor: m/z 815, product ion: 174 

(quantification). 

 

3.3. EFFECT OF ALGA-DOMINATED BIOLOGICAL SOIL CRUST ON SOIL 

 

3.3.1. STUDY SITE AND EXPERIMENTAL DESIGN 

The experimental site was a no-till maize field near Esztergályhorváti (GPS Coordinates: 

46.68200, 17.10556, 133 m a.s.l.). Soil was slightly eroded, loamy, clay-illuvial brown forest 

soil. Maize was sown on April 21, and algal culture applied on May 11. Sampling and artificial 

rainfall experiments were conducted 4.5 months later. 

 

3.3.2. KLEBSORMIDIUM RE-ISOLATION 

Enrichment cultures were prepared from topsoil samples and incubated at 20°C for two weeks. 

Samples were examined using a light microscope. 

 

3.3.3. COMMUNITY DNA ISOLATION AND SEQUENCING 

Prokaryotic and eukaryotic 16S and 18S rRNA genes were amplified with fusion primers 

(Teske & Sørensen, 2008; Herlemann et al. 2011; Apprill et al. 2015). PCR products were 

quantified using a Qubit dsDNA HS assay, followed by Illumina MiSeq v2 2×250 bp paired-

end sequencing. Sequence analysis was performed with mothur v1.44.3 using ARB-SILVA 

SSU Ref NR 138 and PR2 v4.10 databases, and OTUs were defined at a 97% threshold (Kozich 

et al. 2013). 
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3.3.4. ARTIFICIAL RAINFALL SIMULATION AND SOIL ANALYSES 

Infiltration and erosion were measured using a Meersmans-type rainfall simulator at 40 mm h⁻¹ 

(Centeri et al. 2011; Jakab et al. 2019). Differential soil porosity was determined in 0–6 cm 

layers using 100 cm³ samples (Rowell 2014). Water-stable aggregate (WSA) ratio was 

measured by wet sieving (Kemper & Koch 1966). Crust structure after rainfall was examined 

via thin sections using scanning electron microscopy (Jakab et al. 2013). 

 

STATISTICAL ANALYSES 

Data from all experiments were analyzed using R software (4.2.1 – R Core Team, 2021; 4.4.3 

– R Core Team, 2024) with appropriate packages: vegan (Oksanen et al. 2022), ggplot2 

(Wickham, 2016), circlize (Gu et al. 2014), and nlme (Pinheiro et al. 2022). 
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4. Key Results in Thesis Points 

4.1. ECOPHYSIOLOGICAL INVESTIGATION OF A CAVE-ISOLATED KLEBSORMIDIUM STRAIN 

The investigated cave-origin Klebsormidium strain is capable of photosynthesis over a wide 

temperature range (5–45°C) and growth between 10–40°C. Its photosynthetic optimum [30–

40°C (Pmax) and 35–40°C (rETRmax)] is higher than its growth optimum (20–25°C). The strain 

exhibits high light-use efficiency (α) and a low light adaptation parameter (Ik). A negative 

correlation was observed between the optimal cultivation temperature and the intracellular 

brassinosteroid content of the cultures.  

 

4.2. DEVELOPMENT OF RICE LAMINA INCLINATION TEST FOR DETECTING BRASSINOSTEROID 

CONTENT IN KLEBSORMIDIUM CULTURES 

Among the rice varieties tested for the rice lamina inclination bioassay (RLIA) – ‘Arsenal’, 

‘Hoshinoyume’, ‘M 60’, and ‘Koshihikari’ – ‘Koshihikari’ proved to be the most suitable for 

the 0.001–0.1 mg L⁻¹ BL range. Methanolic samples extracted from algal biomass can be 

applied in the RLIA after a methanol-water solvent exchange. Using the developed method, the 

brassinosteroid content of the investigated Klebsormidium cultures was estimated. I 

demonstrated a precise and reliable correlation between RLIA and BR concentrations [R²: 

0.947; RSE: 6.8% (Residual Standard Error) and RMSE: 16.8% (Root Mean Square Error)]. 

 

4.3. EFFECT OF ALGA-DOMINATED BIOLOGICAL SOIL CRUST ON SOIL 

In the experiment, the applied Klebsormidium culture remained viable even under initially dry 

conditions and formed a biological soil crust on weakly eroded, loamy, clay-illuvial brown 

forest soil commonly used in agricultural production. The resulting Klebsormidium-dominated 

crust significantly improved the structure of the eroded soil, as indicated by increases in 

porosity (+17%), macropores (+52%), and the proportion of stable aggregates (+44%), along 

with a decrease in bulk density (-8%). The inoculated Klebsormidium culture was also able to 

reduce erosion losses by 43%.  
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