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Abstract

Several glutathione peroxidases (GPXs) have been sequenced from the plant kingdom.  Xanthium strumarium is closely related to Helianthus annuus and using primers designed to the H. annuus cDNA, a Xanthium GPX fragment was amplified by RT-PCR and sequenced.  Genomic DNA corresponding to the transcript amplified by RT-PCR was found to contain intronic sequence.  
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Introduction
Glutathione peroxidases (GPXs) are a family of enzymes found in both the animal and plant kingdoms that reduce H2O2, organic hydroperoxides and lipid peroxides protecting cells from oxidative damage (Eshdat et al. 1997).  Reactive oxygen species (ROS) are a byproduct of both photosynthesis and metabolism during normal plant growth.  Plants appear to also increase ROS levels in response to environmental stresses (Foyer et al. 1997).  Despite the many of their harmful effects, when controlled ROS are involved in early signaling pathways responding to biotic and abiotic stresses (Willekens et al. 1994).  It has been proposed that GPX is involved in responding to stressful conditions (Willekens et al. 1994, Eshdat et al. 1997) and in ROS signaling pathways (Agrawal et al. 2002; Rodriguez Milla et al. 2003).

GPXs were first found in the plants by Criqui et al. (1992) in a Nicotiana sylvestris cDNA library.  To date GPXs have been identified in Citrus sinensis (Holland et al. 1993), Arabidopsis thaliana (Sugimoto and Sakamoto 1997), Brassica campestris (Eshdat et al. 1997), Spinacia oleracea (Sugimoto et al. 1997), Helianthus annuus (Roecket-Drevet el al. 1998), Lycopersicon esculentum (Depège et al. 1998), Pisum sativum (Mullineaux et al. 1998), and Oryza sativa (Li et al. 2000).  While in some species multiple types of GPXs have been identified, only recently has the whole family of GPX encoding proteins been located within the Arabidopsis genome (Rodriguez Milla et al. 2003).  By performing database searches within the Arabidopsis genome, seven different GPX open reading frames coding for proteins similar to those GPXs already found in Arabidopsis were found and studied, six appear to code for active GPX enzymes (Rodriguez Milla et al. 2003).  

Most of the GPXs found in the plant kingdom are similar to phospholipid hydroperoxide glutathione peroxidases found in the animal kingdom (Eshdat et al. 1997).  There are two highly conserved domains, each 6 amino acids long, in GPX enzymes throughout both animal and plant kingdoms (Roeckel-Drevet et al. 1998).  Using primers designed to recognize these regions, GPXs were isolated from H. annuus (Roeckel-Drevet et al. 1998) and L. esculentum (Depège et al. 1998). 

The exact role the GPX plays in plant responses to stress still remains unclear.  This is partly because it is induced when plants are exposed to a wide variety of stresses, as many stressors lead to cellular oxidants.  In some cases plants use cellular oxidants in response to non oxidative stresses.  GPX has been shown to be induced by the following: physical wounding (Criqui et al. 1992; Roeckel-Drevet et al. 1998; Depège et al. 1998), salt (Holland et al. 1993, Sugimoto and Sakamoto 1997, Rodriguez Milla et al. 2003) chemicals (Rodriguez Milla et al. 2003; Anderson and Davis 2003) drought (Anderson and Davis 2003), metals (Sugimoto and Sakamoto 1997, Rodriguez Milla et al. 2003), temperature (Rodriguez Milla et al. 2003) and biological parasites (Roeckel-Drevet et al. 1998).  

This work was done to expand what is known about plant GPXs, by looking at a partial sequence from Xanthium strumarium.  Xanthium, commonly known as cocklebur, is a widespread woody weed.  As it is highly competitive with two crop species, soybean and peanut, Xanthium is of economic importance (Tranel 2001).  In order to isolate mRNA for a GPX in Xanthium, primers were designed to the H. annuus mRNA for haGPX-2 (accession number Y14707).  H. annuus and Xanthium are in the same family, Asteraceae, and same tribe, Heliantheae.  Sequence homology between H. annuus and Xanthium was also studied.
Materials and Methods

Plant Material and Stressors

Xanthium plants were grown in a greenhouse whose temperatures averaged between 20-25 ºC.  Plants were watered every three days and were grown with natural light and a sodium vapor lamp to maintain a photoperiod of 18h.  Leaves were harvested six weeks after they were planted for RNA extractions.  Collected leaves were first washed with dH2O and then frozen immediately in ice.  All leaves were stored at -80ºC until the RNA extraction.

Total RNA Extraction

Total RNA was extracted from 50 mg of leaf tissue using RNeasy Plant Mini Kits (Qiagen).  RNA was eluted in 40 μL of warm RNase-free dH2O.  Extracted RNA was run on an RNase free agarose gel to quantify and compare extractions.  

Primers and RT-PCR 

Two sets of primers were designed based on the sunflower mRNA transcript (GenBank Y14707), each to amplify around 200 bp.  One pair of primes recognized the 5′ region of the transcript (GX1F 5′ TATGGCTACGCAGACAGTCT 3′ and GX1R 5′ AAGGTTGTCAACTCAGGATA 3′) and the second pair of primers recognized highly conserved regions of the mRNA transcript (GXCF 5′ TTTCCATGCAACCAATTTG 3′ and GXCR 5′ GGAACTTTGTGAAATTCCA 3′).  Β-actin primers were used as a control.  
Reverse transcription polymerase chain reaction was performed using OneStep RT-PCR Kit (Qiagen).  Reactions volumes were 20 μL (4 μL 5X buffer, 0.8 μL dNTP, 0.8 μL enzyme mix, 1.2 μL primer (10 pM), and 2 μL of extracted RNA (unknown concentration), 11.2 μL dH20).  Reactions were as follows: 50ºC, 30′; 95ºC, 15′, 40 cycles of 94ºC, 30″; 58ºC, 30″; 72ºC, 30″, and lastly 72ºC, 10′.  Samples were then stored at 4ºC.  5 μL of the RT-PCR products were run on an agarose gel.
Gel Extraction

RT-PCR using the GXC primers yielded two products.  These products separated on an agarose gel, excised from the gel, and the PCR products were extracted using Rapid Gel Extraction System (Marligen Biosciences Inc.)  PCR product was eluded in 35 μL of warm dH20.
DNA Sequencing

Using a modified Sanger Dideoxy sequencing method, DNA sequencing was performed using AmpliCycle Sequencing Kit (Perkin Elmer).  Reactions were 8 μL (4 μL 10X buffer, 10 fmol template, α33-ATP, dH20) topped with 20 μL of mineral oil, heated at 94ºC for 2′ and cycled 35 times at 94ºC, 30″; 58ºC, 30″; 72ºC, 1′.  Samples were then stored at 4ºC until separated on a sequencing gel.  The three primers used in the sequencing reactions were GXCF and GXCR and GXC6B (5′ AGTGTCTTGTGGGGTTTG 3′).  Sequences were aligned using MacVector (Accelrys Inc).
Results

The RNA was extractions from the leaves of Xanthium plants also had some genomic contamination.  RT-PCR was performed on these RNA extracts.  The GX1F/GX1R primer pair did not amplify any RNA, while the GXCF/GXCR primer pair amplified two bands (Figure 1).  One band was just under 600 bp and the second was around 200 bp.  These two bands were separated on an agarose gel, excised, extracted and sequenced.  The 600 bp sequence was too long to read in one gel so a third primer was designed to the middle of the sequence.

The RT-PCR product from the mRNA was of the correct size and aligned well to the H. annuus cDNA sequence (Figure 2).  Of the 160 readable bp, there is 93.75% homology between the H. annuus mRNA sequence and the Xanthium mRNA sequence.  Most of the discrepancies are transitional base changes, with only 1/5 being transversions.

It appears that the 600 bp sequence is amplified genomic DNA that contains an intron, however this inconclusive.  Using both the forward and reverse GXC primers there is sequence homology to H. annuus cDNA sequence up to near base 340, where both the forward sequence and the reverse sequence stop matching (Figures 3 and 4) and the intron insertion site noted in Figure 2.  The entire intron piece could not be read due to what appears to be long sequences of T’s.  The sequence reactions using the GCXB primer could not be read.  There were long strings of A’s and T’s overlapping most likely caused by Taq polymerase slipping along the DNA strand, creating these discrepancies.  Only the GXCF/R short sequencing gel runs were used for this paper, as the long sequencing gel runs were also too convoluted to be read with accuracy.   While the entire intron sequence could not be constructed, a sequence from what could be read from the gel is proposed (Figure 5).  This intron has a 5′ GT donor site and a 3′ AG acceptor splice site.  Of the 166 bases that could be read from the intron 65.6% were AT.  The intron is around 370 bp long, the exact length cannot be known until it is entirely sequenced.
Discussion


Using primers designed to H. annuus that recognized Xanthium DNA/mRNA is exciting, however not surprising given that the primers were for highly conserved regions.  As cDNA libraries have been sequenced from H. annuus and stored in database form (The Composite Genome Project), perhaps many of these sequences could be used to study genes in Xanthium.  The high sequence homology between H. annuus and Xanthium was expected since they are so closely related.  

The 600 bp sequence is probably genomic DNA containing an intron, however it cannot be ruled out that it is a second mRNA transcript caused by alternate splicing.  This latter explanation is unlikely given what is known about the 600 bp sequence.  Plant introns are known to use a variety of donor and acceptor sequences, commonly GT...AG, and are usually AU rich (Brown et al. 2002; Simpson et al. 2004).  Both these characteristics are present in proposed intron of the 600 bp product. 


Future research will entail sequencing the entire GPX mRNA transcript using RACE.  Much of the DNA sequences were dirty and the two PCR products sequenced in this study should be cloned, to clean them up for sequencing.  GPX expression studies can now be pursued with a known location of an intron, so mRNA specific primers can be designed.  A follow up study on the induction of GPX by different stressors will help clarify the role the GPX plays in responding to stress.  Anderson and Davis (2004) and Herbette et al. (2002) performed enzyme assays to study GPX activity after exposure to a variety of stresses.  It would be interesting to combine this with a GPX transcriptional study to gain understanding of GPX regulation.
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Figure 1.  RT-PCR products. 

[image: image2]
Figure 2.  H. annuus  cDNA from haGPX-2 and the 200 bp mRNA RT-PCR product from Xanthium.  Primers positions are indicated by arrows and intron location with a vertical line.  

[image: image3]
Figure 3.  H. annuus  cDNA from haGPX-2 and the 600 bp genomic RT-PCR product from Xanthium.  GXCF primers positions are indicated by arrows and GT donor site is underlined.
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Figure 4.  H. annuus  cDNA from haGPX-2 and the 600 bp genomic RT-PCR product from Xanthium.  GXCR primers positions are indicated by arrows and AG acceptor site is underlined.
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Figure 5.  Genomic DNA and mRNA alignment.  Gray strand is the genomic DNA, and light blue strand, above, is the mRNA sequence, (….) imply sequences that could not be read.
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