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The object of our study, supported by AKTION, was the PsbH protein, one of the proteins of photosystem II (PSII). We considered to overexpress the PsbH protein in E. coli growing on medium enriched by 15N, then to isolate sufficient amount of the protein. The aims of this project were: identification of optimal conditions for NMR measurement, titration of binding of favorable lipid to protein, assignment of the backbone proton and 15N signals in properly folded protein. This study was a part of the project, which should contribute to understanding of PSII assembly and its proper function, mainly protein-lipid interaction.
Experiments at Institute of Physical Biology, Nove Hrady, Czech Republic
The PsbH protein of cyanobacterium Synechocystis sp. PCC 6803 was expressed as a fusion protein with glutathione-S transferase (GST) in E. coli growing on the mineral medium enriched about 15N isotope. The expression of recombinant protein was induced by IPTG. The fusion protein was isolated using affinity chromatography. After enzymatic cleavage of the fusion protein the PsbH protein was isolated using DEAE chromatography and the concentration of the captured protein was performed by Centricon ultrafiltration units. We obtained the 15N labeled PsbH protein in concentration of 1.1 mg/ml in presence of detergent octyl glucoside (OG). We also isolated non-labeled protein for preliminary lipid titration experiments measured by circual dichroism (CD) spectrometer.

The liposomes were prepared by reverse-phase evaporation technique from the thylakoid membrane lipids, sulphoquinovosyl diaglyceride (SQDG), digalactosyl diglyceride (DGDG), monogalactosyl diglyceride (MGDG) and phosphatidyl glycerol (PG). The concentration of lipids in liposomes was 12.5 mg/ml. The liposomes were added to protein-detergent micelles in four increasing concentrations. With increasing lipid concentration the protein formed itself into more helical structure as showed formation of the negative band approx. 222 nm in CD spectra. The different lipids reached saturation in different concentration. MGDG had no effect; DGDG exhibited changes up to lipid/ protein ratio (molar) 10.5, w/w 1.56; SQDG up to lipid/protein ratio 23.8, w/w 3.44; PG up to lipid/protein ration 12.8, w/w 1.56; As example of changes in CD spectra after addition of 50 (L of each lipid is presented in figure 1. The most favorable lipid, which induced complex protein folding, seemed to be PG; at higher concentration very similar structures were observed also in also SQDG, however folding of clearly different nature was achieved upon titration by DGDG. This indicates that the lipid binding may not be directly related to specific binding of lipids, rather we observe two different types of folding in lipid bilayers of two different properties.
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	Figure 1 Changes in CD after addition of 50 (L of lipid



Experiments at Johannes Kepler Universität Linz, Institut für Chemie, Austria
Since preliminary CD measurements revealed folding of the PsbH protein in detergent micelles after addition of sufficient amount of lipid.,we wanted to test the lipids DGDG, SQDG and PG, so we had to divide the labeled protein into four samples. Therefore the time of measurement rapidly increased and we had to record data at least 10 hours for each 2D 1H/15N correlated spectrum. We added to each protein sample appropriate amount of the lipid to reach optimal protein/ lipid ratio. Unfortunately we observed in every case huge decrease of signal and  the remaining 15N signals were found in a  narrow spectral range (compare figures 2 and 3). This indicates very rigid lipid-protein micelles, which relax to fast to be recorded, while the remaining signal is from unfolded protein.
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Figure 2 PsbH protein in OG
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Figure 3 PsbH protein after addition of PG


We tried to destabilize the micelles by sonication and increase of temperature. Using these techniques led to only partial improvement, therefore we added new detergents into the sample : CHAPS and digitonin. The simple addition of CHAPS or digitonin did not destabilize micelles sufficiently and we had to remove lipids by dialysis. After dialysis signal recovered, moreover the new peaks indicated the further protein folding. The combination of digitonin and octyl glucoside was determined as the most effective combination to induce apparent protein folding (compare figures 2, 4 and 5) and giving sufficiently narrow spectral lines..
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Figure 4 PsbH OG dialysed against CHAPS
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Figure 5 PsbH OG with digitonin


Project participants:

RNDr. Dalibor Stys, CSc. (scientist) – sample preparation, evaluation of NMR spectra 

Mgr. Zbynek Halbhuber (scientist) – sample preparation, CD measurement, participation on NMR measurement

Norbert Müller, Mag. Dr., a.o.Univ.Prof (scientist) – NMR spectra measurement, data evaluation

Budget: Transport and residence costs in Austria were paid in agreement with project proposal and economic rules of Institute of Physical Biology JU. The project costs covered a part of required supplies, mainly chemicals. For more details see attached documents.
Expenses on the Austrian side were also within the projected costs. A detailed compilation is enclosed.
Project rating: The project is part of existent strong bilateral partnership with balanced contribution from both sides. The main contribution is that we identified the condition for protein folding, which is required for the next step – structure determination. The long time target is to record NMR spectra and determine the protein fold in presence of natural lipids. Currently we have to add other detergents to observe signals of the folded protein. The publication is under preparation.
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