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1. PHD PROJECT DESCRIPTION (4000 characters max., including the aims and work plan) 

 

Project title: Searching for proteins with hidden domains of cyclase activity among the 

phytochrome transduction pathway elements in Arabidopsis thaliana 

. 

1.1. Project goals: The aim of the proposed project will be a detailed biochemical and functional analysis 

of proteins with AC and GC cyclase activity in light depenent phytochrome pathway and an attempt to 

explain the initial biochemical mechanisms for the function of phytochromes and intracellular 

mechanisms involving cyclic nucleotides in photomorphogenetic processes in the Arabidopsis thaliana. 

 

1.2. Outline: In 1994, Bowler and coworkers using a phytochrome-deficient tomato mutant demonstrated 

that 3′,5′-cyclic guanosine monophosphate (cGMP) mediates phytochrome phototransduction. This 

landmark phytochrome experiment indicated the existence and involvement of enzymes of cyclic 

nucleotide metabolism in plant photomorphogenesis, without knowing their structure yet. 

 In plants, much like in animals, cyclic nucleotide monophosphates (cNMP) and in particular 3’,5’-

cyclic adenosine monophos-phate (cAMP) and 3’,5’-cyclic guanosine monophosphate (cGMP) are key 

signaling molecules that trigger many physiological and developmental responses and molecular 

mechanisms, particularly cyclic nucleotide monophosphate-dependent phosphorylation. cNMP 

homeostasis is achieved by the coordinated action of cyclases responsible for the synthesis and cyclic 

nucleotide phosphodiesterases (cNMP PDEs), enzymes capable of degrading 3’,5’-cNMPs to inactive 5′- 

and 3′-NMPs. Cyclic NMPs regulate processes by binding to and activating cNMP effectors, such as 

cAMP- and cGMP-dependent protein kinases (PKA and PKG) or cyclic nucleotide-gated channels 

(CNGCs) which are responsible for conducting Ca2+ ions in signal transduction. 

Despite the growing evidence for the role of cNMPs in many plant physiological processes, 

canonical (it means animal ones) GC, AC and PDE domains were undetected in higher plants. For a long 

time, the prevailing view was that all cyclases or phosphodiesterases of cyclic nucleotides in plants must 

resemble those described in mammalian cells. This approach changed when, despite the publication of 

the complete Arabidopsis thaliana genome sequence in 2000, no potential candidates could be found. 

Only in 2003, Ludidi and Gehring, reported the first functional guanylate cyclase (AtGC1) in plants using 

14 amino acid long search motif consisting of functionally assigned amino acids in the catalytic centre. 

In subsequent years, similar searching motifs were developed for adenylyl cyclases (ACs) and 

phospfodiesterases (PDEs) that can contribute to the identify of novel candidate molecules in the 

plants. Since then, many proteins possessing cNMP-metabolizing enzyme activity that are involved in 

various biological processes, including plant growth and defence against pathogens, have been 

identified and characterized. 

In contrast to animals, previous studies have indicated that plant proteins with cyclase or 

phosphodiesterase activity are not single peptides but are part of multi-domain proteins. Such proteins 

include several Leucine Rich Repeat Receptor Like Kinases (LRR RLK), AtBRI1 (Wall Associated Kinase 

Like), AtPSKR1, receptors of the peptide hormone BR (brasinosteroid) and PSK (phytosulfokine), 

respectively. PEPR1 which is the Peps receptor (plant elicitor peptide 1) or AtWAKL10 (Wall Associated 
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Kinase Like). All of them have GC regulatory motif within the kinase domain. In addition, kinase domain 

that also generate 3’,5’- guanosine cyclic nucleotide was found in NOGC1s (NO-dependent guanylate 

cyclase 1) a flavin dependent monooxygenase , lipid kinase DGK4 (diacylglycerol kinase 4) or interleukin 

receptor 1 associated kinase 3(IRAK3). The situation is similar for plant ACs, whereby AC domains coexist 

and cofunction with other domains. For example, MpCAPE protein from liverwort, Marchantia 

polymorpha, beside adenylyl cyclase activity has in the with active phosphodiesterase domain at its N-

terminus end and two Arabidopsis proteins, AtKUP5 and AtKUP7, with K+-uptake permease activity. 

Beside AtKUP5 also has phosphodiesterase (PDE) activity that is essential for K+ transport, that afford 

intricate intramolecular regulation of cAMP levels enabling fine-tuning of cAMP signaling in K+ 

homeostasis. 

Our preliminary, bioinformatics, data indicate that also all known phytochromes (A-F), and most 

of proteins related to light signal transduction by phytochrome (PIFs, HY5, FHL, FHY1) could be next, 

good candidates, because in their molecules they contain motifs includes active centers for AC and GC 

cyclases.  

Generally, phytochromes exist in two spectral photoisomers, which by absorbing red (Pr form) 

and far-red light (Pfr form), and the photoreversible transformation between the two forms are to able 

control many various photomorphogenic processes, such as seed germination, de-etiolation, stem 

growth, pigmentation, and flowering. Like previously known proteins with cyclase or 

phosphodiesterase activity, phytochromes also have multidomain structure and in analogy to other 

signaling proteins, they are modular proteins where one of domain has kinase activity, which is 

important for their functions. We assume that such cyclases activity is an additional downregulatory 

mechanism of phytochrome kinase activity and directly or indirectly modulate of other members of the 

phytochrome dependent light signal transduction pathway such as cyclic nucleotide gated channels or 

potentially of cGMP-dependent degradation cascades, resulting in signal silencing. 

 
1.3. Work plan: The following steps will be taken to implement the above project:  

 

 Obtain specific starters for Phy (A-E), FHY1, FHL, PIF1, PIF3, HY5 genes, sequencing, cloning into 

expression vector, transformation into bacteria (E.coli) 

 Isolation, purification, biochemical characterization and AC and GC kinetic parameters of purified 

recombinant proteins 

 Preparation of AC and GC knockout proteins by point mutagenesis (switch of the key amino acids, 

responsible for cyclase function), recombinant proteins production, mutagenesis impact analysis on 

biochemical properties of all analysed proteins  

 Effects of cyclic nucleotides and cyclases activity on the phosphorylation activity of phytochromes  

 Effects of AC/GC knockout on protein-protein interactions (eg phytochromes - FHY/FHL/PIFs).  

 Creation of transgenic plants with impaired function of cyclases activity  

 Analysis of the light effect on germination, hypocotyl growth and flowering in transgenic plants. 
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1.5 Required initial knowledge and skills of the PhD candidate:  

 Basic knowledge of molecular biology, biochemistry, plant physiology and bioinformatics. 

 Good knowledge of biochemistry of proteins (especially receptor proteins and enzymes - structure 

and function), photomorphogenetic processes. 

 Knowledge of basic techniques including: molecular biology, recombinant proteins, protein 

purification and analysis, statistical methods. 

 

1.6 Expected development of the PhD candidate’s knowledge and skills 

 Improved knowledge and skills in the preparation, purification and analysis of recombinant proteins 

 Improved skills in analytical chemistry - handling and use of Liquid Chromatography with tandem 

mass spectrometry (LC-MS-MS) to detect and identify residual chemical compounds 

 Improved knowledge and skills in the field of creation and analyzing transgenic plants 
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