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CURRENT RESEARCH INTERESTS

Our research is aimed to understand plant celloresgs and adaptation strategies to environmental
stresses. Furthermore we aim to elucidate moleaukehanisms which are involved in assembly,
function, maintenance and regulation of the phottistic machinery in oxygenic chloroplast
photosynthesis. For this purpose, we are mainlgguthie green alg&hlamydomonas reinhardtas a
model system and combining molecular techniques fé&verse genetics and proteomics to elucidate
these processes. Hereby, we are engaged in diffexssarch lines.

(i) We are currently investigating the adaptation eemodeling of the photosynthetic apparatus as a
response to iron-deficiency. We are also interestezth understanding of chloroplast iron-homeostasi



as a whole. To gain insights into chloroplast immeostasis we are carrying out a comparative
proteomic approach and take advantage of stablepiedabeling by amino acids in Chlamydomonas
(Naumann et al., 2007; Naumann et al., 2005) Thesitgation of putative candidate gene products in
plastid iron homeostasis is done by reverse genesing an RNAIi approach as described by Cerutti
and colleagues (Rohr et al., 2004). This approaah already successfully employed in our laboratory
to suppress expression levels of Lhca3 (Naumanal.et2005) and ferritin (Busch et al., 2008).
Momentarily a focus is on the analysis of PGRL1iron-deficiency responses. In an RNAI strain,
which accumulates lower PGRL1 levels in both Felete and —starved conditions, the photosynthetic
electron transfer rate is decreased, respiratgpaaty in Fe sufficient conditions is increasedd dine
efficiency of cyclic electron transfer (CEF) undem-deprivation is diminished. Furthermopgri1-kd
cells exhibit iron-deficiency symptoms at higherdemcentrations than does the wild-type, altholngh t
cells are not more depleted in cellular iron retio the wild-type as measured by mass spectrgmetr
Thiol trapping experiments indicate iron-dependantl redox-induced conformational changes in
PGRL1 that may interconnect iron metabolism and CHE thereby partitioning between linear
photosynthetic electron transfer and CEF. We preplsrefore that PGRL1 i@. reinhardtii possesses

a dual function in iron sensing as well as modatatf cyclic electron transfer (Petroutsos et2009).
Future experiments will be directed to elucidatet@n-protein-interactions of PGRL1 and metal-
binding dynamics of the protein.

(i) Light is a necessary substrate for photosynthesisits absorption by pigment molecules such as
chlorophyll can cause severe oxidative damage esultrin cell death. The excess absorption of light
energy by photosynthetic pigments has led to tlduéen of protective mechanisms that operate on
the time scale of seconds to minutes and involheslfack regulated eexcitation of chlorophyll
moleculesn photosystem Il (QE). Despite the significant trdoution of eukaryotic algae to global
primary production, little is known about their giechanism, in stark contrast to flowering plants.
Data that have been obtained in cooperation thepgod Prof. K. Niyogi show thaChlamydomonas
reinhardtii mutants diminished or -deficient in dtave an impact in the expressionlioésr genes,
either due to RNAi-technology or due to knock-doamtwo of the three genes encoding LHCSR
(formerly called LI818) (Peers et al., 2009). Thistein is an ancient member of the light-harvegtin
complex superfamily, and orthologs are found thhmug photosynthetic eukaryote taxa, except red
algae and vascular plants. The gE capacityChfamydomonass dependent on environmental
conditions and is inducible by growth in high lightHCSR-RNAIi or knock-out mutants have a
reduced fitness in a shifting light environment pamed to wild-type cells, demonstrating that
LHCSR is required for survival in a dynamic ligmvweronment. Therefore the data indicate that plants
and algae employ different proteins to dissipatenfil excess energy and protect the photosynthetic
apparatus from damage. In the future more insigiotthe NPQ mechanism and its regulation in algae
has to be gathered to understand the evolutioigluf inanagement in algae and vascular plants.

(iii) At present we are also studying the remodelinGldamydomonas metabolism after transition to
anaerobic growth conditions. The versatile metabolof the green algahlamydomonas reinhardtii
is reflected in its ability to acclimate to anagmobonditions. The complex anaerobic responsesis al
remarkable in the context of renewable energy stcesinhardtiiis able to produce hydrogen under
anaerobic conditions. To identify proteins invohating anaerobic acclimation as well as to loealiz
proteins and pathways to the powerhouses of the chlloroplasts and mitochondria fro@.
reinhardtii in aerobic and anaerobic (induced by 8 hours gbmbubbling) conditions were isolated
and analyzed using comparative proteomics. A wt2315 proteins were identified. Further analysis
based on spectral counting localized 895 of thesteins to the chloroplast, including many proteins
of the fermentative metabolism. Comparative quatitié analyses were performed with the
chloroplast-localized proteins using stable isatofsbeling of amino acids™Cs Arginine/"Cq
Arginine in an Arginine-auxotrophic strain). The agitative data confirmed proteins previously
characterized as induced at the transcript leveladlsas identifying several new proteins of unkmow
function induced under anaerobic conditions. Thpegteins of unknown function provide new
candidates for further investigations taking adagatof reverse genetics. An important aim hereby is
to understand the anaerobic response in the gigan Another important aim will be to engineer



Chlamydomonas strains that produce hydrogen in atoaillowing commercial exploration of the
process.

(iv) In plant cells, the increase in cytoplasmic cah:iLCsF*]Cyt represents a frequent response to
various abiotic and biotic stresses. After changesytosolic C&" signatures have been sensed,
phoshorylation cascades appear to represent gesh@nalstream responses in Ca-dependent signal
transduction. To elucidate [C}acyt dependent protein phosphorylation, identifyz[t];@ dependent
phosphoproteins, map phosphorylation sites and tijuaphosphorylation, we are applying a
phosphoproteomics approach, in whidhabidopsis thalianaand Chlamydomonas reinhardtiére
taken as model systems.

(v) In another research line we are aiming to expleextron transfer and binding mechanisms
between the soluble electron transfer proteinstgdganin or cytochrome c6 and photosystem | (PSI)
(Finazzi et al., 2005; Sommer et al., 2004; Somehexd., 2006; Sommer et al., 2002). Additionally we
aim to investigate the molecular recognition betw&sS| and its light-harvesting protein complex
(LHCI), allowing the formation of the PSI/LHCI conex, subunit remodeling as well as efficient
excitation energy transfer (Naumann et al., 2006ld\et al., 2004; Storf et al., 2004; Takahastldlet
2004). Hereby we are also taking advantage of atesauantitation by using proteotypic peptide
probes to enumerate the stochiometry of LHCI sulyper PSI core complex (Stauber et al., 2009).

(vi) We are establishing bioinformatics tools tha armed to facilitate mass spectrometric analyses
of eukaryotic organisms with complex gene strucukere we are aiming to use mass spectrometric
data for genomic data mining and annotation ofg@metoding genes. We devised an algorithm, the
GenomicPeptideFinder (GPF), which takes advantégie mmovoamino acid predictions of MS/MS
data enabling detection of intron-split and/or mlgtively spliced peptides when deduced from
genomic DNA (Allmer et al., 2004). We generated latfprm where high throughpute novo
sequencing of MS/MS spectra is combined with GRffop@ance operating on a computer cluster to
analyze Chlamydomonas protein data (Allmer et 2006). We further developed a database for
storage, analysis, presentation, and retrievalnfdrination from mass spectrometric experiments
(Allmer et al., 2008). Furthermore we devised dgo@thm for evaluating quantitative mass
spectrometric data stemming from SILAC'tN-labeling (Specht et al., unpublished) experiments

For proteomic analyses the laboratory is equippét @ hybrid linear ion-trap mass spectrometer
(LTQ-Orbitrap, Thermo Finnigan) that is coupledato UltiMate Nano liquid chromatography system
(Dionex).
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