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GFP Experiments to Determine Phot-1 and Phot-2 Localization in the Root
Overview
Despite their external appearance of relative simplicity, plants have a surprising amount of complexity. Even the tiny Arabidopsis thaliana has over 25,000 genes, a number not too far from the number of genes in the human genome. Much of this complexity can be explained by the fact that plants are sessile; they cannot move away from various stimuli, but they still must find a way to cope. An environmental stimulus that is especially important to plants is light. Virtually all plants obtain their energy from sunlight, so they must have a mechanism to find available sunlight and maximizes its gathering. In other cases, light is something that is to be avoided. Roots need to grow away from light so that they firmly anchor themselves in the soil. Excessively bright light can be harmful, so chloroplasts can move around to shade themselves (Briggs & Christie 207). Directed growth in plants that is mediated by sunlight is termed “phototropism.” Although phototropism was studied more than a century ago (Kutschera & Briggs 442), the molecular players involved in the phenomenon were discovered only recently. One protein that is important in phototropism and other functions is Phototropin-1, also known as simply Phot-1, or by its systematic name At3g45780. Despite years of research, there is still much to be learned about this protein.

There are five classes of plant photoreceptors currently known (Kutschera & Briggs 446): phytochromes, cryptochromes, phototropins, a UV-B photoreceptor, and F-box photoreceptors. Phototropins mediate phototropism, stomatal opening, leaf expansion, rapid retardation of stem elongation, chloroplast movements, and several other blue light-activated responses (Kutschera & Briggs 443). Further research has provided a more detailed understanding of the phototropins Phot-1 and Phot-1. Chloroplast avoidance under intense light (so as to protect them from damage) is mediated by Phot-2, while chloroplast accumulation under low light is largely mediated by Phot-1 (Briggs & Christie 207). Positive shoot phototropism in response to low light is mediated by Phot-1. Stomatal opening is mediated by both Phot-1 and Phot-2. Autophosphorylation of Ser-849 and Ser-851 is essential for all phot 1-mediated responses investigated, but that of other phosphorylation sites is not (Inoue 589). The substrates of phototropin kinase, which are probably expressed in a tissue-specific or cell-specific manner, may generate the diverse physiological responses, but such substrate proteins are yet to be identified. 

Phototropin [1 and 2] is a dual chromophoric photoreceptor in which both chromophores are FMN, [flavin mononucleotide] (Briggs & Christie 205). They contain two Light Oxygen or Voltage (LOV) domains and a kinase domain. Although the entirety of Phot-1 does not have a published crystal structure (Briggs & Christie 206), some facts on its operation have been discerned. In its inactive state, a LOV2 domain loosely binds FMN, which obstructs the kinase active site (Inoue 590; Kutschera & Briggs 448). When FMN absorbs light, it causes a change in a LOV2 domain and the LOV2-FMN domain to move away, freeing the kinase active site. The kinase then autophosphorylates, becoming fully activated. Phosphatases act to turn Phot-1 off by dephosphorylating it in the dark. At the same time, FMN dissociates from LOV2, which adopts a different shape. LOV2 again loosely binds FMN, and the two together can block the kinase active site once more.

A BLAST search comparing the protein sequence of Phot-1 to other organisms reveals that Phot-1 is highly conserved throughout vascular plants. Phot-1 contains a conserved kinase region that appears in animals as well. The exons are especially conserved, while the introns are free to accumulate insertions, deletions, single-nucleotide-polymorphisms, and other changes. The genetic neighborhood of the Phot-1 is preserved in close relatives like A. lyrata, but this synteny is destroyed when comparisons with more distantly-related plants are made. Due to alternative splicing of the first exon, two protein models for the Phot-1 gene have been developed. Mutant T-DNA Arabidopsis lines are available that knock-out or knock-down the Phot-1 gene. Phot-1 has very low levels of methylation in immature floral tissue, and most of this is maintenance methylation by the protein MET1. Deactivating this maintenance methylation does not significantly affect Phot-1 transcription levels.
Phot-1 expression is concentrated mainly in the leaves, where it can readily sense light. It is present in lower concentrations in the root, apparently in a relatively select area within the root cortex. Phot-2 has a similar localization of mRNA expression, though there are some differences. Phot-1 is co-regulated with many other genes, many of which are related to photosynthesis. This regulation group is strong in the shoot and weak to nonexistent in the root.  Mass spectrometry and green fluorescent protein experiments show that Phot-1 is localized within the plasma membrane and, suspiciously, the cytosol. Jaedicke et al. argue that Phot-1 occurs exclusively in the plasma membrane (Jaedicke et al. 12231). Mass spectrometry evidence shows that highest concentrations of Phot-1 are in the leaves.
Hypothesis

As shown in the website and mentioned above, there is some evidence for the localization of Phot-1 within specific tissues. Large-scale studies show that it is most predominant in the leaves. However, it appears to have an important role in the root (Kutschera & Briggs 448). mRNA localization data through gene chip experiments, as consolidated in the eFP Browser, give some indication of the precise location of Phot-1 and Phot-2 within the root. The accuracy of this localization is not guaranteed because these experiments only indirectly measure protein localization, through the measurement of their corresponding mRNAs. A more direct experiment to determine the localization of Phot-1 and Phot-2 in the root is needed. I hypothesize that the basic model proposed by Kutscher & Briggs (Figure 6, page 448) is correct: Phot-1 is located in the cortex of the growing part of the root, where it can simultaneously sense available light and effect change in the growth rates of undifferentiated tissue. In this way, the growing root can quickly respond to light signals so that it can grow in an appropriate direction.
Experimental Plan


An experiment can be conducted in which Phot-1 and Phot-2 are directly localized within the root, using green fluorescent protein tags and a fluorescent microscope. GFP with different colors would be used for Phot-1 and Phot-2 so that they may be differentiated. The first step is to create Phot-1-GFP-hybrid strains, Phot-2-GFP-hybrid strains, and a doubly-hybrid strain. Creation of these hybrids should be done using some proven, standardized protocol, such as Lo et al. or  Spector & Goldman. Creation of these hybrids involves transformation by some vector, often a cosmid or Ti-plasmid available from biotech companies. GFP and Phot-1 or Phot-2 would be inserted into the plasmid. Care must be taken that the appropriate Phot-1 or Phot-2 promoter and any UTRs are included, as these may include localization signals. GFP insertion must be selectable, such as by the LacZ blue-white screen. Transformation of the plant by the bacterium must also be selectable, which is done by buying a vector with certain antibiotic resistance and using an appropriate selection plate. Plant transformation can be done using bacterial infection or by biolistics.
At least seven strains of A. thaliana need to be created. (1) a no-transformation control, (2) a control that is transformed by a vector that does not contain the fusion protein, (3) a control that is transformed by a vector that contains non-hybrid Phot-1, (4) a control that is transformed by a vector that contains non-hybrid Phot-2, (5) an experimental strain transformed with hybrid Phot-1, (6) an experimental strain transformed with hybrid Phot-2, and (7) an experimental strain transformed with both hybrid Phot-1 and hybrid Phot-2. The first two controls ensure that transformation itself does not significantly affect the plants. The third and fourth controls ensure that addition of transgenic Phot-1 or Phot-2 does not significantly affect the plants. The experimental strains 5, 6, and 7 will be able to show the localization of Phot-1 and Phot-2.

If all goes as expected, controls 1 through 4 will look no different from each other, and no fluorescence will be visible in the root under a fluorescent microscope. From the eFP Browser data, the experimental strain with the hybrid Phot-1 will probably localize to the root cortex, slightly above the root cap. The strain with the hybrid Phot-2 will probably localize more in the root cap and epidermis. The double-hybrid strain will allow the simultaneous viewing of both Phot-1 and Phot-2 localization.
Several other results may be expected. If transformation fails, fluorescence may not be visible in the root. Transformation may activate RNA interference, interfering with Phot-1 or Phot-2’s natural function and causing problems. The transformation process may somehow interfere with proper localization of Phot-1 and Phot-2, and they may not end up in their proper locations. Protein concentration may be so low as to be undetectable. Even if all technical challenges are met, it could turn out that Phot-1 and Phot-2 localize differently than is indicated in the eFP Browser. They may be concentrated in a different part of the root and send signals downward to cause changes in roots in a remote location. No matter the outcome, the experiment would shed light on the precise location of these important photoreceptors in the root.
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