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Introduction

Mitogen-activated protein kinases are evolutionarily conserved portions of a signaling cascade that serve essential regulatory functions in all eukaryotes from yeasts to mammals. MAPKs regulate key cellular processes, such as glycogen breakdown and synthesis using protein phosphorylation and dephosphorylation in animals9. MAPK cascades contain three intracellular kinases (MKKK, MKK and MAPK) which are activated successively by phosphorylating events. These phosphorylation events ultimately result in the relay of extracellur signals from the cell membrane to nuclear targets, such as transcription factors which can alter gene expression3. MAPK are known to play a role in cell cycle regulation in mammals, including the activation, differentiation, proliferation, and migration of many cell types9. Abnormal MAPK signaling results in unregulated cell proliferation and transformation7 which leads to the development and progression of various human cancer cell lines6.


It is well known  that MAP kinases play a significant role in plant responses to various stressors. These signaling cascades are rapidly activated in response to invading pathogens and play a role in plant defense and immunity9, MAP kinases are also essential to a plant’s ability to adapt to abiotic stressors, such as salinity, drought, and heavy metals4. Although much is known about the role of MAPK in the stress response of plants, very little is known about their role in plant development. 


It has become obvious that MAPK play key roles in many fundamental processes from cell division4 to cell death in plant signal transduction processes1. Some knowledge of MAP kinases role in the regulation of plant hormone responses have been recently ascertained. MAP kinase kinase 7 (MKK7) negatively regulates polar auxin transport in Arabidopsis4.  IBR5, a dual-specificity phosphatase, serves as a link between auxin and abscisic acid signaling pathways6. It is known that MAP kinases plays a role in ethylene signaling pathways as MAP Kinase 6 (MPK6), is required for ethylene production8.  This information combined with the conserved nature of this cascade and its role in growth and development, via cell differentiation and proliferation in mammals, suggests that MAPK may play a role in the proper regulation of similar processes in plants. Ultimately, if regulation of cell proliferation and growth in plants can be altered to reduce the time it takes to flower and produce fruits, the agricultural implications could be vast, especially in areas where climate restricts crop production to a short growing season.


Often, activation of a MAP kinase pathway leads to activation of a MAPK phosphatase (MKP) that can inactivate that pathway serving as  negative feedback control.  In plants, dual specificity phosphatases (DSP’s), which can dephosphorylate both serine/threonine and tyrosine residues, are able to effectively inactivate MAP kinases9.  In order to investigate the role MAPK play in the regulation of plant development, a strong animal MKP1, was used to inactivate MAPK in tobacco.


During previous experiments, overexpression of MKP under the control of the 35S promoter in N. tabacum resulted in a very distinct phenotype suggesting a role for MAPK in plant development.  MKP1 transformed plants flowered earlier, senesced later, and produced more seeds than WT plants of the same age, suggesting that MAPK inactivation by MKP1, interferes with proper regulation of plant development.  Additionally, overexpression of MKP1 results in enhanced shoot differentiation in tissue culture in both Arabidopsis and Nicotiana tabacum. Furthermore, expression of an inactive phosphatase resulted in total lack of development of the shoot apical meristem in some cases (Chiu Lab, preliminary data).  


This preliminary data indicates that inactivation of MAPK must interfere with the proper regulation of pathways that regulate key aspects of plant development, specifically those regulating plant growth and senescence, processes which are regulated by the hormones, cytokinin and ethylene.


Ethylene is a plant hormone which plays a role in many developmental processes including the ripening of fruit, and senescence5. Although the environment and developmental state of the plant are key in regulating the production and perception of ethylene, it primarily exerts its effect by altering gene expression using signal transduction pathways2. It is known that CTR1, which is related to a MAPKKK, interacts with the ethylene receptor and acts as a negative regulator of cytokinin2.  Downstream of the ETR/CTR1 complex, there is a positive regulator of the ethylene pathway, EIN21. The EIN3 family of transcription factors are known to act downstream of EIN2 and bind to the promoters of genes that are rapidly induced by ethylene and activate their transcription. These ethylene-induced genes includes those related to ripening of fruit, senescence, and ethylene biosynthesis, as well as, the negative regulators of cytokinin, Type A response regulators. Cytokinin is a hormone that acts antagonistically to ethylene serving to promote shoot differentiation and delay senescence5.  Type A-RR, which are known to be ethylene-induced9 serve to inhibit cytokinin, thus regulating cell differentiation and plant growth.


Although EIN2 is thought to sense the upstream events of ethylene signaling, it is unclear how it receives and transmits the signal to other components of the pathways.  Preliminary data suggests that MAPK may be the missing link?  It is hypothesized that MKP1 overexpression, which resulted in MAPK inactivation inhibited MAPK which play a role in the linking of upstream extracellular event to downstream activation of ethylene-induced gene expression. This MAPK inactivation by MKP1 is thought to interfere with the expression of ethylene-induced genes including those related to ethylene biosynthesis, as well as, the negative regulators of cytokinin. This would produce plants that are less sensitive to ethylene and more sensitive to cytokinin (since the negative regulator is not induced) and would explain the late senescing phenotype of the MKP1 transformed plants. 


To test this hypothesis, RNA will be extracted from MKP1 transformed plants.  DNA has already been extracted from these plants and presence of the MKP1 transgene has been confirmed using conventional PCR. This RNA will be utilized to  confirm the expression level of the MKP1 transgene and to determine if there are differences in expression of the negative regulators of cytokinin between WT and MKP1 transformed seedlings that would explain their phenotype and suggest a role for a functional MAPK in plant development.


In an attempt to take science into the classroom, a revised protocol for DNA extraction using commercially available products will be devised which can be safely used in the classroom to demonstrate the practical application and uses of the isolation of DNA to middle school/high school students.

Methods and Materials
A. Investigation of genes affected by overexpression of MKP-1

In order to investigate what genes are affected in plants overexpressing MKP-1, expression levels of  genes involved in either ethylene or cytokinin biosynthesis and regulation will be analyzed. Total RNA will be isolated from wild-type tobacco plants and MKP-1 transgenic lines that showed  the most significant delay in senescence during previous experiments. RT-PCR will be used to assess the expression levels of these genes.  Potential genes include:

a. Genes for ethylene biosynthesis: 

1. Aminocyclopropane-1-carboxylate synthase (ACS)

ACS is the rate-limiting enzyme in ethylene biosynthesis. ACS proteins are known to be phosphorylated by stress-activated MAPKs in the cytosol8 resulting in increased stability and more ethylene production. The expression level of NtACS3 (AJ131836), a tobacco ACS gene, will be analyzed in an attempt to see if the phenotype of MKP-1 transformed plants can be attributed to reduced ethylene biosynthesis. It is hypothesized that MKP1 inactivates MAPK potentially involved in the activation of ethylene-induced genes, suggesting that these plants will have reduced ethylene biosynthesis and reduced expression of this gene.

b. Cytokinin-inducible genes:

1. Type-A response regulators

In an Arabidopsis mutant with delayed senescence, several cytokinin inducible type-A response regulators were found to be upregulated compared to wild-type plants7.  Two Arabidopsis type-A response regulators RR3 and 16 were found to be induced by ethylene in a microarray experiment9. Inhibition of these genes should result in increased sensitivity to cytokinin. The expression of 3 genes which have previously been found to have similar homology to RR 3 and 16 in tobacco will be analyzed using RT-PCR in an attempt to determine if the MKP transformed phenotype can be attributed to increased sensitivity to cytokinin.  
c.  DNA extraction:  Bring Science Into the Classroom


After learning about plant cell structure with a focus on the location of DNA in the nucleus and why isolating DNA may be important (i.e. catching criminals etc.), the basic process of DNA isolation will be explained and a DNA isolation protocol will be modified for use in the classroom. In the first step homogenization, detergent is used to break down the cell walls, cell membranes and DNases. For the school setting, DNA will be extracted from strawberries utilizing various commercial detergents including dishwashing soap and shampoo. The effectiveness of the various detergents will be analyzed. For younger students, mechanical action will be used to break apart the cell membranes, such as a blender or smashing the fruit in sandwich bags. Older students can use a hot water bath.


The next step in DNA isolation is deproteinization where DNA is uncoiled (i.e. histones are removed), using phenol.  This concept will be explained using an analogy of DNA in the nucleus being like a coiled yarn ball.  In order for it to be useful, it has to be uncoiled…i.e. in order for DNA to be spooled, it has to be uncoiled.  Although proteases such as chloroform and phenols are usually used, various brands of contact lens cleaner/proteases will be used (since they contain proteases) as a safer protease, to determine which one will give to most effective yield in the classroom.


The final step of DNA extraction is precipitation of the DNA. Although ethanol is commonly used, isopropyl alcohol (rubbing alcohol) will be used in this final step.

Results

 
It is expected that by the end of the summer, we would have analyzed differences in gene expression of MKP-1 transgenic plants, MKPcs transgenic plants which express an inactive phosphatase and WT plants. This data would then be used to determine if the phenotype exhibited by MKP transformed plants are the direct result of alteration in ethylene sensitivity, ethylene biosynthesis or cytokinin biosynthesis. In addition, a module will be devised which cater towards middle school students, bringing scientific technique into the classroom, specifically focusing on cell structure, the location of DNA within the cell, and the importance of DNA isolation. 
Timeline
By the end of the summer, experimental data will be analyzed, discussed, and ready to institute within the classroom for the following school year, Fall 2008.
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