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ABSTRACT 

Plants cannot escape from biotic and abiotic stress factors such as 

extreme temperatures, high light intensity, drought, UV radiation, heavy metals, 

and pathogen attack. Anthropogenous stress factors, such as herbicides, also 

affect or block metabolism, growth, and development, and is being used every 

year. Plants have versatile detoxification systems to counter the phytotoxicity of 

a wide range of natural and synthetic compounds, which are present in the 

environment. Glutathione S-transferases (GSTs) are the enzymes that detoxify 

natural and exogenous toxic compounds by conjugation with glutathione. 

Glutathione, an endogenous tripeptide, is important as a reducing agent, 

nucleophilic scavenger, and alleviate the chemical toxicity in the plants by the 

reaction of GST. 

GSTs play an important role in the phase Ii of conjugation with 

xenobiotics, and have another role as glutathione peroxidase. Glutathione 

conjugates are can be transported to the vacuoles or apoplast and are generally 

much less toxic than the parent compounds. Oxygen radicals are also highly 

harmful to the cell components. Those toxic reactive oxygen species damage 

DNA, lipid layer, and proteins. Many GSTs can also act as glutathione 

peroxidases to sacvenge toxic peroxides from cells. 

A cDNA named Gh-5 was isolated from cotton fiber cDNA library, using 

PCR-based cloning methods. Analysis of this cDNA revealed high sequence 

similarity with other plant GSTs. Expression of Gh-5 in E. coli resulted in protein 

vi 



extracts with high GST activity. Overexpression of Gh-5 in tobacco has led to 

about a two-fold increase in GST specific activity compared to the non-

expressing control plants. These results indicate that Gh-5 encodes an active 

GST both bacterial and in plant cells. Antisense GST constructs were also 

developed to deactivate native cotton GST and to evaluate the effect of the 

decreased enzyme in cotton plants. In order to determine whether GST 

overexpression could confer protection to plants against oxidative stresses, 

transgenic plants were exposed to herbicides, salinity, low temperature, heavy 

metals and photooxidation. The GST overexpressing plants showed enhanced 

seedling tolerance to low temperature and salinaty. These results indicate that 

increased level of GST can protect plants from certain types of environmental 

stresses. 
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CHAPTER I 

INTRODUCTION 

1.1 Glutathiones-Transferase 

Glutathione S-transferases (GST: EC 2.5.1.18) are a super family of 

enzymes that conjugate reduced glutathione to a wide variety of compounds that 

are lipophilic and have an electrophilic center (Coles and Ketterer, 1990; 

Mannervik and Danielson, 1988; Pickett and Lu, 1989). Multiple GST isozymes 

are present in most plants. GSTs catalyze the phase II conjugation of reduced 

glutathione (GSH) with electrophilic compounds. This reaction yields a GSH 

conjugate that is often inactive, water-soluble, and is usually less toxic than the 

parent compound (Droog et al., 1993; Itzhaki and Woodson, 1993). 

Almost all of the known cytosolic GSTs are homo- or hetero-dimers of 

subunits with molecular weights of 25-29 kDa (Kong et al., 1993; Droog, 1997). 

Distribution of GST is ubiquitous and GST presumably evolved with GSH in 

aerobic organisms to protect the cells from oxidative damage and electrophilic 

attack. These enzymes are distributed in a wide range of organisms ranging 

from E. CO//to mammals (Mannervik and Danielson, 1988). Also, GSTs serve in 

the intracellular detoxification of mutagens, carcinogens and other toxic 

compounds (Daniel, 1993; Mannervik and Danielson, 1988; Pickett and Lu, 

1989). 

The most well known role of plant GST is detoxification of nucleophilic 

xenobiotic compounds by conjugating with GSH (Ishitawa, 1992; Sandermann, 

1 
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1992). However, the multiplicity of GST isoforms in most organisms indicates 

that these enzymes have a wide range of substrates. Multiple forms of GST are 

often found in a single tissue or cell type (Mannervik and Danielson, 1988). The 

multiple isozymes are thought to have evolved to accommodate exposure to 

diverse substrates and ligands (Listowsky, 1993). Thus, various classes of GSTs 

possess overiapping but distinctive binding and substrate specificity (Mozer et 

al., 1983; Sandermann, 1992). 

1.2 Structure, Catalytic Mechanism and Function of 
Glutathione S-Transferase 

GSTs in animals are typically homo- or hetero-dimers composed of 

subunits with molecular weights in the range of 23 and 29-kD (Mannervik and 

Danielson, 1992). Each active site has a glutathione binding domain and an 

adjacent, partly hydrophobic domain for binding the electrophilic substrate. The 

glutathione and substrate binding sites are called G- and H-site, respectively 

(Mannervik etal., 1978). 

The specificity of the G-site is so high that only GSH and its closely 

related derivatives, such as homoglutathione, or.y-glutamylcysteine, can bind to it 

(Dean et al., 1995; Mannervik and Danielson, 1988). The binding of GSH 

involves ionic bonds and the catalytic mechanism of activation involves 

deprotonation the thiol group of GSH (Schasteen et al., 1983; Mannervik and 

Danielson, 1988). 

A conserved tyrosine residue is located in the active site and is required 

for catalytic function (Amstrong 1993; Dirr et al., 1994). Unlike the G-site, the 



substrate specificity of the H-site is broad. These substrates commonly have 

Michaelis reaction acceptor-carbon-carbon double bonds adjacent to an electron-

withdrawing group (Talalay et al., 1988). 

GSTs are known primarily as detoxification enzymes. They catalyze the 

conjugation of reduced glutathione with reactive electrophilic and hydrophobic 

molecules. In mammalian systems, increased levels of expression of several 

related GST isozymes are known to protect the cells from structurally diverse 

electrophiles that are present in our environment or are used in cancer 

chemotherapy (Gulick and Fahl, 1995). For example, the human class pi GST 

has been shown to exhibit the highest activities against most epoxides, an 

important group of mutagenic and carcinogenic compounds (Mannervik 1985; 

Mannervik et al., 1985). Moreover, a study involving a survey of smokers 

demonstrated that individuals lacking this class of GST had significantly higher 

incidence of lung cancer than those who display the pi GST activity (trans-

stilbene oxide activity) (Seidgegard et al., 1986). 

Class pi GST has also been shown to have high activity with styrene 7,8-

oxide, a metabolite of styrene, to which workers in chemical industries are often 

exposed (Warholm et al., 1983) and this GST has been reported to have high 

activity against the diolepoxide carcinogen benzo(a) pyrene-7,8-diol-9,10-oxide, 

a metabolite of benzo(a)pyrene (Robertson et al., 1986). Theta-dass GSTs have 

been linked with nuclear transferases in rat liver and with polymorphism in the 

human population (Mainwaring et al., 1996). Metabolism of methylene chloride, 

a widely used industrial chemical by theta GST, designated as GST T1-1, has 



been reported to increase the incidence of lung and liver tumors in B6C3F1 mice 

(Mainwaring et al., 1996). 

One of the undesirable effects of GSH-dependent reactions appears to be 

the inactivation of drugs or chemicals used in cancer chemotherapy or treatment 

(Mannervik and Danielson, 1988). Several lines of evidence suggest that both 

GSH and GSTs are involved in acquired drug resistance (Wolf et al., 1987; Shea 

and Henner, 1987; Pickett and Lu, 1989). In most cases, the cellular resistance 

has been found to be associated with elevated levels of GST, notably the class pi 

GST (Mannervik, 1988). In addition to their enzymatic function, GSTs also can 

act as steroid isomerases, or serve as intracellular carrier proteins (ligandins) of 

certain organic molecules (Kong et al., 1993; Listowski, 1993). 

In plants, GSTs play a major role in the detoxification of herbicidal 

compounds. Recently, a group of GSTs have been reported to be associated 

with various stress responses in plants including pathogen attack (Dudder, 1991) 

and heavy metal toxicity (Hagen, 1988). They are also involved in the synthesis 

of secondary products such as anthocyanins and cinnamic acid (Marrs et al., 

1995) and are reported to modulate the activity and uptake of auxins from 

membranes, and trafficking auxins to receptors (Bilang and Stum, 1995; Jones, 

1994). 

GSTs have been implicated in protection from oxidative damage. Bartling 

et al. (1993) reported the cloning of a GST from Arabidopsis thaliana that also 

exhibited glutathione peroxidase (GPX: EC 1.11.1.9) activity. In animal cells, 

GPX plays a key role in cellular detoxification by catalyzing the reaction of GSH 
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with hydrogen peroxide and other organic hydroperoxides (Arrick and Nathan, 

1984). The cloned A. thaliana GST was similar to known members of the theta 

class. Besides accepting the synthetic substrate CDNB, it was also found to be 

highly effective in catalyzing the conversion of the lipid hydroperoxide 13-

hydroperoxy-9,11 -octadecadienoic acid as well as 13-hydroperoxy-9,11.15-

octadecatrienoic acid into the corresponding hydroxyacids, with concomitant 

production of GSSG. These results provide direct experimental support to the 

proposal of Mannervik (1985) that GSTs may have evolved as part of the system 

protecting the cell from oxygen toxicity. 

1.3 Classification of Plant GSTs 

Mammalian cytosolic GSTs have been catalogued into five species-

independent gene classes according to the relationship between substrate 

recognition or antibody cross-reactivity,. Those classes are Alpha, Mu, Pi 

(Mannervik et al., 1985), Sigma (Buetler and Eaton, 1992; Ji et al., 1995), and 

Theta (Hiratsuka et al., 1990; Meyer et al., 1992). However, the nomenclature of 

plant GSTs is not as unified as mammalian GSTs (Marrs, 1996). 

The classification of plant GSTs depends on the amino acid sequence 

identity and conservation of exon:intron replacement (Droog et al., 1995; 

Marrs, 1996). Pemble and Taylor (1992) suggested that dass-Theta GSTs are 

representative of the ancient progenitor GST gene that may have a prokaryotic 

origin. Amino acid sequences of Theta-dass GSTs are highly conserved in rat, 

Drosophila, Zea mays and Methylobacterium (Pemble and Taylor, 1992). 
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Although plants apparently do not contain Alpha-, Mu- and Pi- class GSTs, the 

Theta-dass is conserved (Pemble and Taylor, 1992). Although the enzymes in 

these classes are thought to be homologous, only six residues are conserved in 

all of the known GST sequences. These highly conserved residues are expected 

to be important for the structure and/or function of the enzymes. 

Using PhyloTree of the AIIAII program (Droog et al., 1995) and DNASTAR 

program (Marrs, 1996), phylogenetic trees of plant GSTs were constructed. 

According to these trees, almost all plant GSTs belongs to the theta class. Plant 

GSTs were further classified into four subgroups, according to the amino acid 

sequence identity and conservation of intron:exon placement. Droog et al. 

(1995) cataloged plant GST genes into three types, i.e.. Type I, Type il, and Type 

III, and Marrs (1996) added an unclassfied subgroup. 

Type I GSTs contain 3 exons and 2 introns. All of these enzymes have 

activity against 1-chloro-2,4-dinitrobenzene (CDNB) and the herbicide alachlor 

(2-chloro-N-(2,6-diethylphenyl)-N-(methoxy-methyl) acetamide. Some of type I 

GSTs have defensive and cellular protectant functions producing gene products 

in response to pathogen attack, wounding, senescence, and the resulting lipid 

peroxidation that accompanies these processes (Bartling et al., 1993; Duler et 

al., 1991; Zhou and Goldsbrough, 1993). 

The Type I GSTs include enzymes from Arabidopsis (Bartling et al., 1993), 

broccoli (Lopez et al., 1994), Silene cucubalis (Kutchan and Hockberger, 1992), 

sugarcane (Singhal et al., 1991), tobacco (Takahashi and Nagata, 1995; 

Takahashi et al., 1995; Takahashi and Nagata, 1992), and wheat (Dudler et al., 



1991; Mauch and Dudler, 1993). The well-characterized GSTs of maize belong 

to type I GSTs. They consist of four isoforms, GST I to GST IV (Mozer et al., 

1983; Shar et al., 1986; Irzyk and FuersL, 1993, Irzyk et al., 1995); GST I and III 

are constitutively expressed, and GST II and IV are induced by herbicide 

safeners. Maize isomers I, III and IV are homo-dimers of 29, 26 and 27 kDa 

subunits, respectively and GST II is a hetero-dimer composed of 29 kDa GSTI-

and 27 kDa GSTIV subunits (Reinemer et al., 1996). 

Type II GST genes contain the entire transcription unit in 10 exons 

interrupted by 9 introns and show 95% similar in sequence (Itzhaki and 

Woodson, 1993). Substrates are unknown but are speculated to be lipid 

peroxides. So far, genes of this type have been reported only in carnation and 

are regulated by senescence and the phytohormone ethylene (Itzhaki et al., 

1994; Itzhaki and Woodson, 1993; Meyer et al., 1991; Zhou and Goldsbrough; 

1993). 

Type III GST genes include 2 exons and 1 intron. Before the function of 

type III genes was known, they were called multiple stress response (msr) genes 

(Dominov et al., 1992), auxin-regulated genes (Droog et al., 1993; Takahashi et 

al., 1995) or the auxin-regulated gene (ARG) subgroup (Watahiki et al., 1995). 

Auxins, ethylene, pathogen infection, heavy metals and heat shock are all 

inducers for type III GST genes. After publication of a report that the tobacco 

auxin responsive gene Nt103 had substantial GST activity on CDNB by Droog et 

al (1992), many tobacco GSTs were renamed (Marrs, 1996). The tobacco GST 

family, which includes Nt103, Nt107/parC and Nt114/parA, are now named 



GST1-1, GST2-1, and GST3-1, respectively. The tobacco GSTs respond to 2,4-

dichlorophenoxy acetic acid (2,4-D), indoleacetic acid (lAA), and napthalene 

acetic add (NAA) (Boot et al., 1993; Droog et al., 1995; Droog et al., 1993; van 

der Zaal et al., 1991). The soybean GI-12/4 is induced by active and Inactive 

auxin and salicylic acid analogues (Ulmasov et al., 1994). Soybean GmHsp26A, 

renamed Gm GST26-A, is induced by heat shock, active auxins, auxin 

analogues, heavy metals, ABA, GA, kinetin, heavy metals and polyethylene 

glycol (Czarnecka et al., 1988; Hagen et al., 1988). The, potato PR-gene prp-1 

(renamed gst1), is induced not by abiotic stimuli but by fungal infection (Taylor et 

al., 1990; Hahn et al., 1994). The maize Bronze-2 gene is induced by cadmium, 

ABA and arsenite (Nash et al., 1990; Marrs et al., 1995; Mars and Walbot, 1994; 

Schmitz and Theres, 1992). The Arabidopsis thaliana GST5'\s responsive to 

wounding and heat shock (Watahiki et al., 1995). In Arabidopsis, ozone 

treatment induced GST activity levels as much as 26-fold within 3 hours after 

treatment (Sharma and Davis, 1994). Also, exposure of Arabidopsis to ethylene 

induced GST (Zhou and Goldsbrough, 1993). Cadmium, atrazine, paraquat 

dichloride and alachlor all induced wheat GSTs (Mauch and Duler, 1993). The 

various safeners induced four to five GST isozymes from sorghum (Dean et al, 

1989). The maize GSTs responded to p-coumaric acid and 7-hydroxy-coumarin, 

and French bean GSTs were induced by fungal elicitors (Marrs, 1994). 

Many plant GSTs have not yet been characterized (Marrs, 1996). 

Treatment of chickpea with the herbicide oxadiazon at concentrations between 

10 and 20 ppm induced GST activity by more than 269%. And, in the pea 

8 



seedlings, soluble and microsomal GSH S-cinnamoyI transferase activity was 

detected (Diesperger and Sandermann, 1979). These enzyme activities fall into 

the "unclassified GST" group exists because their amino acid sequences are not 

yet known (Hunaiti and Ali, 1991). 

1.4 Plant GSTs and Natural Substrates 

Plants are under almost constant attack by pathogenic bacteria, virus, 

fungi, and feeding by insects, nematodes and other animals. Therefore, plants 

have evolved an substantial arsenal to defend themselves from these pests. 

Many plants produce defensive compounds called "secondary plant metabolites" 

that are products of specialized biosynthetic pathways (Ames et al., 1990; Ryan 

and Jagendorf, 1995; Eisner and Meinwald, 1995). Some of the enzymes 

involved in the biosynthesis of these compounds—cytochrome p450s, UDP 

glucosyltransferases, and GSTs—are the same enzymes of xenobiotic 

metabolism (Sandermann, 1992). Recent evidence suggests that naturally 

synthesized plant metabolites are recognized, transported, and metabolized in 

similar ways as herbicides and other xenobiotics. 

Anthocyanins belong to a large group of compounds known as flavonoids. 

Most of these pigments are synthesized in the endoplasmic reticulum and are 

transported to the vacuoles (Matern et al., 1986; Wagner and Hrzdina, 1984). In 

maize, the Bz-2 gene products function as the last genetically defined step in 

anthocyanin biosynthesis. In bz-2 mutant plants, cynaidin-3-glucoside 

accumulates in the cytoplasm leading to a bronze color, poor vigor, or even 



death in some plants. The protein encoded by Bz-2 shows high similarity with 

plant GSTs and is active against on CDNB. Anthocyanin biosynthesis may 

represent a common mechanism for the ability of plants to sequester structurally 

similar but functionally diverse molecules in the vacuole (Marrs et al., 1995). 

Cyanidin-3-glucoside is a candidate as a natural substrate for GSTs. 

Though weak, one of maize GSTs can use cyanadin-3-glucoside as substrate 

and may contribute to pale pink instead of bronze color in some mutant plants 

and the deep purple pigments in wild type Bz-2 plants (Walbot et al., 1994). In 

Petunia, the anthocyanin biosynthetic gene An13 has recently been cloned and 

shown to have significant homology with type I GSTs and, to less extent, Bz-2 

(Marrs, 1996). Complementation studies have shown that Bz-2 is able to restore 

red pigmentation in an13 mutant Petunia flower sectors, and likewise, An13 is 

able to restore purple pigmentation in ibz-2 maize tissues (Marrs, 1996). In 

addition, the GmGST26-A (GH2/4) GST gene complements the bz-2 mutation, 

producing purple pigmentation in bz-2 maize tissues (Marrs, 1996). 

1.5 Cinnamic Acid and GSTs 

Plants produce antimicrobial chemicals known as phytoalexins to fight 

pathogens, such as viruses, bacteria and fungi. Most phytoalexins are phenolic 

phenylpropanoides that are products of the shikimic acid pathway, although 

some are isoprenoid compounds and a few are polyacetylenes (Salisbury and 

Ross, 1992). Elicitors produced by activity of microbes, trigger synthesis of 

10 



phytoalexins in the plants and these compounds are much more toxic to fungi 

than to bacteria and viruses (Saliberury and Ross, 1992). 

Glutathione S- cinnamoyi transferases (GCSTs) have been characterized 

in French bean, pea, and corn (Dean et al., 1995; Dean and Machota, 1993; 

Diesperger and Sandermann 1979; Edwards and Dixon, 1991) and can be 

induced by fungal elidtors' (Edwards and Dixon, 1991). GCSTs catalyze 

conjugation of cinnamic acid with GSH and have been hyposized to remove 

cinnamic acid during the initial steps of phytoalxin synthesis (Barz and 

Mackenbrock, 1994; Edwards and Dixon, 1991) and to reduce the accumulation 

of other phenolic compounds produced under stress conditions (Dean et al., 

1995). 

1.6 Plant GSTs and Artifidal Substrates 

Generally the substrates for GSTs are Machael reaction acceptors that 

have a common chemical signature consisting of a carbon-carbon double bond 

adjacent to an electron-withdrawing group (Talalay et al., 1988). Xenobiotics 

which have electrophilic sites, have centers for low electron density that can 

accept an electron pair to form a covalent bond (Coleman et al., 1997). 

Xenobiotics are also lipophilic and hydrophobic. Therefore xenobitics are in the 

lipid bilayer and makes difficult to solubilize in the cytoplasm and resulting 

detoxification. 

A great number of herbicides have electrophilic sites that are subject to 

direct GSH conjugation (Lamoureux et al., 1991). Glutathione S-transferase 

11 



catalyzes herbicide-GSH conjugation that tends to make the herbicide water-

soluble and non-toxic. However, the role of GSTs in the detoxification of 

chloroacetanilide herbicides has been controversial. There is disagreement 

whether the formation of GS-chloroacetanilide conjugate is mainly an enzymatic 

or non-enzymatic process. Nonenzymatic conjugation of chloroacetanilide 

herbicides is known to occur in vitro under high pH and high GSH concentrations 

(Gronwald et al., 1987; Boyer, 1989). 

However, GSTs capable of catalyzing the GSH conjugation of 

chloroacetanilide herbicides have been demonstrated in maize and sorghum 

(O'Connell, 1988; Dean, 1991; Gronwald, 1989). Chloroacetanilide herbicide 

antidotes cause the induction of at least two GST isozymes that are responsible 

for the detoxification (Gronwald et al., 1989). Plant GSTs were first identified in 

1970 in maize by their ability to catalyzing GSH conjugation with atrazine 

(Lamoureux et al., 1991). Since then, plant GST isozymes have been externally 

studied because of their importance in the detoxification of herbicides (Irzyk and 

Fuerst, 1993; Jepsonetal., 1994). Atrazine [(6-chloro-N-ethyl-N'-( 1-methyethyl)-

1,3,5-triazine-2,4-diamine)] tolerant species (corn, sorghum, Sudan grass, 

sugarcane, and Johnson grass) contain high levels of GST activity while 

susceptible species (pea, oats, wheat, bariey, and pigweed) have low GST 

activity (Frear and Swanson, 1970). 

Tolerance of maize or sorghum to alachlor, metolachlor [2-chloro-N-(2-

ethyl-6-methylphenyl)-N-(2-methoxy-1-methylethyl)acetamide)] and EPTC (S-

ethyldipropyl carbamothiate) sulfoxide has also been attributed to GST (Singhal 
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et al., 1991; Fuerst et al., 1993). In addition, resistance to the diphenylether 

herbicide fluorodifen [2-nitro-1-(4-nitrophenoxy)-4-trifluoromethylbenzene] was 

found to be associated with GST. Since higher enzyme activity was observed in 

resistant crop species such as cotton, maize, peanut, pea, soybean and okra 

than in susceptible species such as tomato, cucumber and squash (Frear and 

Swanson, 1973; Lamoreux and Rusness, 1989). 

Two maize GST isozymes, GSTs III and IV, were found to be responsible 

for most of this constitutive GST-M activity (Fuerst et al., 1993). In maize, the 

sixth GST is a monomer active against phenylpropanoids but not CDNB, 

metolachor, or atrazine (Dean et al., 1995). So variations of individual GSTs in 

plants are thought to be the reason for differential herbicide tolerance (SariGoria 

etal., 1993). 

1.7 Herbicide Antidotes and GSTs 

Herbicide antidotes, also referred to as herbicide safeners, herbicide 

antagonists, or crop protectants, are chemicals that are used to counteract the 

effects of certain herbicides on crop plants (Hatzios, 1984). Four mechanisms 

can explain the roles of antidotes in the grass crops. First, herbicide antidotes 

can interfere with herbicide uptake and/or translocation in the protected plant. 

Second, competitive inhibition of antidotes at the same functional sites prevents 

phytotoxicity of the herbicide. Third, antidotes can stimulate herbicide 

degradation or detoxification. Fourth, the combination of above mechanisms 

(Hatzios, 1984). More recent interpretation Indicates that some herbicide 
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safeners function by inducing the expression of genes such as GST (Hartzios, 

1984, 1989; Wiggand et al., 1986). 

Many herbicide antidotes protect monocotyledonous crops, but not the 

target weeds, from herbidde injury (Hatzios and Hoagland, 1989), by promoting 

the conjugation of herbiddes with GSH by indudng GST activity (Fuerst et al., 

1993), or by raising glutathione levels (Farago et al., 1994). Such increases In 

GSH and GST activity have been proposed to be important mechanisms for the 

selective protection of monocotyledonous plants from damage by herbicide 

(Wiegand et al., 1986). Herbidde antidote treatment resulted in three to four-fold 

higher levels of the subunit mRNA in etiolated tissues. Increased thiocarbamate 

sulfoxide detoxification by elevating corn root GSH content and GST activity as a 

result of dichloraceteamaid antidotes was reported (Lay and Casida, 1976). 

Herbicide antidote benoxacor protects corn from damage from metolachlor by 

increasing the levels of total GST activity which subsequently resulted in the 

increased detoxification metabolism of metolachlor to its GSH conjugation (Viger 

etal., 1991). 

Other antidotes including NA, fluorazole and cyometrinil also caused GST 

levels to increase in maize and sorghum (Mozer et al., 1983). Treatment with 

safeners was also noted to cause the appearance of new GST isozymes in 

plants. In maize, for example, both a constitutive and a safener-induced GST 

were observed following fluorazole treatment. 

In sorghum, treatment of seedlings with various safeners such as 

fluorazole, oxabetrinil [0-(1,3-dioxolan-2-yl-methoxy)-iminobenzeneacetonltrile], 
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CGA-133205 (0-[1,3-dioxolan-2-yl-methyl]-2,2,2-trifluoro-4'chloroacetophenone-

oxime), NA and didormid resulted in the appearance of four to five additional 

GST isozymes which exhibited activity toward metolachlor (Hatzios, 1987). The 

safeners' ability to enhance GST activity was found to be strongly correlated to 

its ability to confer protection against herbiddes such as EPTC (Lay et al., 1975), 

metolachlor (Fuerst and Gronwald, 1986; Gronwald et al., 1989; Dean et al., 

1990, Viger, 1991) and alachlor (Mozer et al., 1983). 

1.8 Plant GSTs and Oxidative Stress 

Reactive oxygen species (ROIs) can be induced by environmental stress, 

such as, high light intensity, heavy metal, ozone, pathogen attack, wounding ( 

Allen, 1995; Tenhaken et al., 1995). Plant GSTs protect plants from oxidative 

damage triggered by ROIs to lipid bilayers, DNA and proteins (Sandermann, 

1994). In mammals, leukocytes and other phagocytic cells fight microbes, such 

as bacteria, and virus-infected cells by destroying them with nitrogen oxide, 

superoxide hypochlorite, and hydrogen peroxide, a mutagenic oxidizing agent. 

These oxidants help to protect animals from immediate death from 

infection. These oxidants can also cause oxidative damage to DNA. DNA 

damage can be a starting point to the carcinogenic processes (Ames et al., 

1995). Plants are similar mechanisms to defend themselves from pathogen 

attack. 
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1.9 Plant GST and Heavv Metals 

In plants, copper catalyzes the oxidation of cellular thiols and GSH, and 

results in the production of free radicals and subsequent lipid peroxidation (De 

Vos et al., 1992). In animals, metals and oxygen radicals also play a role in lipid 

peroxidation (Halliwell and Gutteridge, 1984). 

Heavy metals such as cadmium, mercury, nickel, and lead, cause plants 

to synthesize phytochelatin (PC), thiol-rich peptides (glu-cys)n-gly that are 

synthesized directly from glutathione (glu-cys-gly) and whose function is to 

sequester and detoxify excess metal ions (Rauser, 1990; Steffen, 1990). 

The metal-induced consumption of GSH by PC synthesis depletes the 

GSH pool and increases the susceptibility of cells to active oxygen species 

(Degousee et al., 1994; Meister and Anderson, 1983). Thus, the GST gene 

expression in plants may be regulated by same signal transduction with auxin 

and readive oxygen species. GST encodes NT103, NT107 and NT114 mRNAs 

in tobacco cell-suspension cultures were induced by heavy metals such as 10 

mM AgNOs, ZnCb, CuSo4, or CdCb. The accumulation of NT114 mRNA induced 

by Ag* and Cu^was almost same as with 2,4-D effect (Boot et al., 1993). 

Heavy metals induce the GmGST26-A(GH2/4), parA and Bz-2 genes 

(Czarnecka et al., 1988; Droog et al., 1993; Marrs and Walbot, 1994; Takahashi 

et al., 1991; van der Zaal et al., 1991) and the wheat GST25 and GST26 proteins 

(Mauch and Dudler, 1993). 
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1.10 Plant GSTs and Ozone 

Ozone injury causes several symptoms in plants including bleaching of 

mesophyll cells, chlorotic mottling, changes in pigmentation, and necrosis 

(Heagle, 1989; Heck, 1989). Ozone in mesophyll cells rapidly dissolves in water 

and Is converted into reactive oxygen species such as superoxide anions, 

hydroxyl radicals, and H2O2. These react with various cellular molecules such as 

lipid bilayer, DNA and enzymes (Sharma and Davis, 1994). 

Ozone exposure of pea seedlings combined with other atmospheric 

pollutants such as NO and/or NO2 significantly increases leaf damage by 

enhancing stress-induced ethylene. Ozone may be more harmful to plant in the 

field if chilling temperatures occur at the same time because chilling also induce 

stress ethylene (Melhorn and Wellburn, 1987). The gaseous plant hormone 

ethylene plays an important role in plant growth and development and the 

response to various stresses. 

In carnations, the increased ethylene production regulates the 

programmed senescence of flower petals and the process is the activity involving 

programmed cell death. Programmed cell death involves gene transcription and 

protein activity (Itzhaki et al, 1994). And programmed cell death is associated 

with membrane degradation and lipid peroxide production as well as GST gene 

induction (Itzhaki etal., 1994; Itzhaki and Woodson, 1993; Meyer and 

Goldsbrough, 1991; Sharma and Davis, 1994; Sylvestreet al., 1989;Thomson et 

al., 1987). 

17 



In carnations, the possible inducers and substrates for the senescence-

related GST genes are induced during cellular damage to continue cell adivity 

against lipid bilayer degradation until cell death. So the activity of GST is 

necessary for proper cell function. Cydoheximide inhibits the ability for ethylene 

to induce senescence and prevents the accumulation of GST mRNA (Itzhaki and 

Woodson, 1993; Meyer and Goldsbrough, 1991). 

The ethylene-regulated Arabidopsis GST pm239 is known to remove of 

reactive organic hydroperoxides, such as the products of lipid peroxidation, but 

this GST is down regulated when bolting was initiated. The disappearance of the 

GST at the beginning of anthesis may thus contribute to senescence the inability 

to eliminate the products of lipid peroxidation (Bartling et al., 1993; Marrs, 1996). 

The Arabidopsis GST1 gene was induced by ozone-dependent manner. 

Maximal GST activity 26-fold higher than control plants was observed after 3 

hours of treatment. Arabidopsis GST may protect cells of the plant from lipid 

peroxidation, which is induced by ozone (Sharma and Davis, 1994). 

1.11 GST Gene Expression in Plants 

There are four putative transcription regulatory motifs in human the GST pi 

gene (Cowell et al., 1988; Morrow et al., 1989). Those regions are a TATA box, 

29 base pairs upstream from the start of transcription, two Sph I recognition 

sequences (GGGCGG) at nudeotides -46 to -41 and -56 to -51 and an AP-1 

recognition sequence (TGACTCA) at nucleotide position -69 to -63 (Rushmore 

and Pickett, 1993). 
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Five distinct regulatory elements were identified in the 5'-flanking region of 

the rat GST Ya subunit gene (Rushmore and Pickett, 1993). For the maximal 

basal level of expression, the first regulatory element is required, and located 

between nucleotide -860 to -850. Hepatocyte nudear factor 1 (HNF1), liver-

specific transcription factor, recognize a core DNA recognition sequence, which 

are contained in the first regulatory element (Rushmore et al., 1990; Paulson et 

al., 1990). 

A secondary hepatocyte-specific element is located from nucleotide -775 

to -755. This enhancer includes recognition bases that contain HNF4 (hepatocyte 

nuclear fador 4) (Paulson et al., 1990). The third and fourth elements are XRE 

(xenobiotic responsive element) and GRE (glucocorticoid-responsive element). 

The XRE core sequence (GCGTG) was recognized upstream of the HNF1 

sequence between nudeotides -908 and -899 (Rushmore et al., 1990; Paulson et 

al., 1990). 

The 5'-flanking region of the cytochrome P-450 1A1 structural gene 

contains several copies of XRE (Denison et al., 1989). The Ah receptor has high 

affinity for planar aromatic compounds, and, after binding of ligand, the Ah 

receptor-ligand activity transcription by interacting with the XRE. The other 

consensus GRE sequence was found between nucleotide -1609 to -1595 

(Rushmore etal., 1990). 

Beta-naphthoflavone and 3-methylcholanthrene induce the GST Ya 

subunit gene by interacting with the fifth c/s-acting regulatory element and bind 

the sequence GGTGACAAAGC (Rushmore and Pickett, 1990). 
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Another gene regulatory element was proposed, the EpRE (electrophile-

responsive element) in the 5' flanking region of the mouse GST Ya subunit, and 

contain two binding sites with non-overiapping core sequences 

GTGACA(A/T)(A/T)GC for the transcription factor Activator Protein-1 (AP-1). 

EpRE is responsible for the induction for GST gene expression by exogenous 

compounds that contain an electrophilic center (Friling et al., 1992;. It has been 

proposed that GST genes that contain the ARE or EpRE are induced by 

electrophilic, xenobiotic, and oxidative stress conditions (Daniel, 1993). 

Unlike animals, plant GST promoters do not contain functional Xenobiotic 

Regulatory Elements (XREs) and Electrophile Responsive Element (EpRE) 

(Rushmore and Pickett, 1993; Daniel, 1993; Friling et al., 1992). However, ocs 

(octopine synthase) elements are found in several plant promoters (Zhang and 

Singh, 1994). These 20-bp elements were first identified in promoters of genes 

from the plant pathogen cauliflower mosaic virus (CaMV) and Agrobacterium 

tumefaciens and are activated by wounding (Zhang and Singh, 1994). 

There is some similarity between ocs elements and EpREs. Both have 

tandem duplication of binding sites: ocs elements contain a tandem core 

sequence of ACGT (Zhang and Singh, 1994), and the EpRE contains tandem 

AP-1 sites (Daniel, 1993; Friling et al., 1992). Both elements bind sites for 

dimeric b-ZIP transcription factors: Fos/Jun protein bind the AP-1 site and 

OCSBF-1 and ASF1 bind the ocs element (Daniel, 1993; Friling et al., 1992; 

Zhang and Singh, 1994). 
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The only plant gene promoters containing ocs elements are GSTs: the 

soybean GmGST26-A(GH2/4); the wheat GstA1;the tobacco Nt103, Nt107 and 

Ntl 14; parA and parB; and the Silene GST (Ulmasov et al., 1994). The ocs 

element in the soybean GH2/4 gene promoter was activated by active and 

inactive auxin , SA and SA analogues as well as cadmium, GSH, hydrogen 

peroxide, methyl jasmonate, and wounding. Also the ocs element in the GH2/4 

promoter is induced both plant hormone and function similariy to tandem AP-1 

sites in animal GST genes. The ocs element in responsive to certain hormones, 

and some non-hormonal stress-inducing or electrophilic agents that produce 

oxidative stress (Ulmasov et al., 1994; Ulmasov et al.,1995). 

1.12 Other Promoter Elements of GST Genes 

Pea and tobacco contain Auxin Regulatory Elements (AuxREs ) and 

cloned from tobacco mesophyll protoplasts (Ballas et al., 1993; Takahashi et al., 

1995). Promoter deletion experiments identified a region of 111-bp repeat of the 

parB gene, that apparent regulates auxin-mediated activation of transcription 

(Takahashi et al., 1995). 

In tobacco, the AuxREs flank an ocs site that responds only to 10-20 -fold 

increases in auxin levels. This indicates that the ocs element mediates a stress 

response rather than auxin response (Takahashi et al.,1995). 

The carnation GST gene contains and an enhancer element that is 

responsive to ethylene and related to senescence. The enhancer contains a 

126-bp ethylene-responsive element (ERE). In carnation ERE, an 8-bp 
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sequence (ATTTCAAA), shares significant homology with an element from 

tomato fruit ripening gene E4, which is require for ethylene responsiveness 

(Itzhaki etal., 1994). 

Many pathogen-related promoters are response to pathogen and several 

abiotic stresses such as wounding, light and heavy metal. The promoter of the 

potato prp1-1 gene or gsti gene responds to infection with Phytophthora 

infesatans and not by other environmental cues (Martini et al., 1993). 

In maize, the putative transcription factor R and CI are required for 

expression of anthocyanin biosynthetic genes A l , Bzl, and Bz2 (Bodeau and 

Walbot., 1992). The Bz2 gene in maize is expressed highly in response to heavy 

metals such as cadmium. Treatment of maize seedling with cadmium resulted in 

20-fold increase of Bz2 mRNA and, interestingly, 50-fold increase of unspliced, 

intron-containing transcript, but GST activity was not influenced by the 

accumulation of Bz2 mRNA (Marrs and Walbot., 1997). Soybean GmGST26-

A(GH2/4) contains promoters with putative metal regulatory elements (MREs) 

(Czarnecka et al., 1988; Marrs and Walbot, 1994). 

1.13 Fate of Glutathione S-Coniuqations 

Elimination of toxic chemicals from the cells is important for the survival of 

an individual organism. In animals, glutathione-conjugates of xenobiotics as well 

as endogenous substrates such as leukotriens are actively eliminated or 

secreted from the cell by ATP-dependent glutathione s-conjugate transport, 

found in the liver, kidneys, and other organ (Ishikawa, 1992). 
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The transporter is composed of three essential components: the C-domain 

which has high affinity toward the electrophilic carbon chains, the G-domain 

which recognizes the GSH moiety of GS-conjugates, and the P-domain that 

undergoes phosphorylation (Ishikawa., 1990). The GS-X pump is distinct from 

other ATP-dependent membrane pumps that transport toxic material such as the 

multidrug resistance protein (MDR), the bile salt ATPase, and the yeast heavy-

metal transport (HMT-1) (Ishikawa, 1992, 1993; Martinoia et al., 1993; Ortiz et 

al., 1995). 

Toxic chemicals in the plant are generally stored in the vacuole or 

apoplast because plants do not have any excretion system. Xenobiotics which 

are tagged by glutathione are transported into the vacuoles by Mg-dependent 

ATP transporter. In experiments with barely mesophyll vacuoles, Mg-ATP 

markedly increased the uptake of a glutathione conjugates of N-ethylmaleimide 

and of metolachlor. 

The uptake of GS-conjugates into the vacuole is remarkably similar to the 

GS-conjugate export transporter in the mammalian liver (Martinoia et al., 1993). 

In maize, the activity of Bz2 adds a glutathione tag to cyanidin-3-glucoside, and 

this GS-conjugate is then transferred into vacuole by the vacuolar glutathione 

transporter. Thus, antocyanins are an endogenous substrate for the GS-

conjugate transporter (Marrs et al., 1955). 

Using the GS-X pump plant sequesters structurally similar but functionally 

diverse molecules in the vacuole. It is also apparent that functionally similar 

mechanisms for the transmembrane transport of both xenobiotics and 
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endogenous glutathione S-conjugates operate in both plants and animals (Marrs, 

1996). 

1.14 Metabolism of Glutathione Coniugates 

In vacuoles, glutathione conjugates can be metabolized to other 

intermediates by several peptidases (Lamoureux and Rusness, 1989, 1981, 

1986, 1993). The glycine residue is removed from tripeptide the GS-conjugates 

by carboxypeptidases, and the terminal glutamic acid is hydrolyzed by vacuolar 

dipeptidases (Coleman et al., 1977; Marrs, 1996). The resulting Sistine 

conjugates of herbicides in many plant species are often malonated, or they can 

undergo transamination to yield a thiolactic acid conjugate (Lamoureux and 

Rusness, 1983). N-malonylcystein conjugates of propachlor, metalachlor, 

butachlor, EPTC, PCNB, and fluorodifen have been identified from several 

plants, suggesting that these types of conjugates are formed from many types of 

glutathione conjugates (Lamoureux and Rusness, 1983). 

The inactive, water-soluble conjugates of both synthetic and natural 

chemicals in the cytosol can be secreted into the apoplast via an exocytosis 

(Sanderman, 1997). They may become associated with cell wall components 

such as pectin, hemicellulose, or lignins as an insoluble conjugate termed a 

"bound residue" (Lamoureux and Rusness, 1989, 1993; Nicholson et al., 1987; 

Sandermann, 1994). 
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1.15 Purpose and Rationale 

Natural stress factors include extreme temperature, high and low light 

intensity, drought, and pathogen attack. Anthropogenic stress factors that have 

become important only in the last 40 years included herbicides, pesticides, and 

increased UV-radiation (Lichtenthaler, 1996). 

A number of stress responsive genes with previously unidentified 

functions have recently been found to be GSTs. Factors that induce type III GST 

in plants induce numerous environmental stress factors, such as pathogen 

attack, oxidative stress, and heavy metal toxicity. The role of detoxification of 

herbicides by GS-conjugates is another important factor in the protection of 

plants (Marrs, 1996). 

Already a number of plant as well as animal GSTs genes has been cloned 

or detected, and it is believed that these enzymes are ubiquitous. By comparing 

cotton GST with GSTs from the other sources, one can better understand these 

multifunctional enzymes 

First, focused target was to clone GST-coding sequences from cotton 

plants. Partial GST cDNA already was cloned in Dr. Allen's laboratory. All the 

information from partial GST sequence was used to clone full-length cDNA. 

Second, the expression of cotton GST gene in E coli and assay for GST activity. 

Third, the analysis of expression of cotton GST in cotton plants. Fourth, assay 

transgenic tobacco seedlings for resistant to cold and salt. 
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CHAPTER II 

MATERIALS AND METHODS 

2.1 Plant Materials 

Cotton plants {Gossypium hirsutum L. cv. Coker 312, TM1 and Ligan 

Lintless) were grown in the greenhouse. For genomic Southern blot, TM1 and 

Ligan Lintless were used. Samples were collected from the young leaves, roots, 

stems, and ovules. Flowers were tagged on the day of anthesis and bolls were 

collected at various stages of fiber development from 0, 2, 4, 6, 8, 10, 15, 20, and 

30DPA (days after anthesis ). Sterile media were used for the germination of 

cotton seedlings for anti-sense Gh-5 construction. Hypocotyls were used in 

cotton transformation. Tobacco plants (Nicotiana tabacum L. cv. Xanthi) were 

grown in the greenhouse for the leaf disc transformation. 

2.2 Genomic DNA isolation 

Tobacco and cotton genomic DNA was extracted by the method of 

Guillemant et al. (1992). About 3 grams of leaf samples were ground in the 

mortar at the ratio of 3 ml of grinding buffer (lOOmM Sodium Acetate, pH 4.8, 

50mM EDTA, pH 8.0, 500mM NaCI, 2% PVP (10,000 MW), 1.4% SDS, O.lmg/ml 

RNase A) per gram of tissue. The samples were incubated at 65°C for 10 

minutes. After centrifuging the homogenates at 5,000g for 15 min, one volume of 

10M NH4OAC was added to the supernatant, mixed well, and incubated 10 min at 

room temperature. Supernatants were transferred to new tubes, and two 
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volumes of absolute ethanol was added, mixed well, centrifuged, and washed 

with 70% ethanol. After vacuum drying, the pellets were suspended in 0.5 ml of 

sterile water. RNase A was added to digest RNA species, and 

Phenol:Chloroform:lsoamyl (PCI) (25:24:1) and Chloroform:Isoamyl (CI) (24:1) 

extraction followed. DNA was precipitated with 0.5 volume of NH4OAC and 2 

volume of ethanol. The supernatant was centrifuged, washed with 70% ethanol, 

vacuum dried, and resuspended in 0.5 ml of lOmM TE buffer 

2.3 Total RNA Isolation 

To understand the expression of GST in plants, wild type cotton plants 

were treated with ABA, H2O2, and 2,4-D. Leaf discs were incubated with various 

concentrations of these solutions for 3 hours. Total RNA from ovules was 

isolated using a modified method of John (1992). The isolated cotton ovules 

were frozen in liquid nitrogen and ground in a cold mortar and pestle. The ground 

samples were homogenized in the homogenization buffer (5M guanidine 

isothiocyanate, 200mM Tris-acetate buffer pH 8.5, 0.7% beta-mercaptoethanol, 

1% polyvinyl pyrrolidone, 0.62% sodium lauroyl sarcosine) with a polytron at full 

speed. The homogenate was filtered through Miradoth. A 1.5 ml pad of 5.7M 

cesium chloride was added to ultracentrifuge tubes, and about 2.5 ml 

homogenate was loaded over the pad. The tubes were centrifuged for 18 hours 

at 36,000 rpm at 20°C. After centrifugation, the supernatants were poured out, 

200ul 5% phenol TE buffer was added to dissolve the RNA pellets, and 

transferred into microtubes. The RNA pellets were extracted with PCI 
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(phenohchloroform:isoamyl alcohol; 25:24:1) twice and CI (Chloroform:Isoamyl 

alchol;24:1) once. The RNA samples were precipitated with 0.5 volume of 

ammonium acetate and 2.5 volume of cold ethanol at -20°C overnight. 

Extracted total RNA was electrophoresed on denaturing formaldehyde agarose 

gels and blotted on the nitrocellulose membranes in 10X SSPE. The membrane 

was baked in the vacuum oven at 80°C for 20 min (Sambrook et al., 1989). 

2.4 Cloning and Characterization of Gh-5 

A partial GST cDNA fragment Gh-5 was identified at the Dr. Allen's 

laboratory in a screen of cotton fiber specific cDNA library (Yamamoto, 1995). 

This partial cDNA fragment was used as a probe for Northern blot analysis to 

confirm GST mRNA expression. Both the cDNA library vector primer (T7) and 3' 

oligonucleotide primer from the partial cDNA fragment were synthesized and 

used to amplify the putative GST cDNA by PCR-based cDNA library screening. 

For Gh-5 doning, the 5' primer (5'-ATTAT GCTGAGT GATATCCC GCT-3') was 

designed and the 3' primer had the sequence 5'-TGGT CAAGA GC 

CAAGAAATA-3'. Using a fiber spedfic cDNA library, PCR-based cDNA library 

screening was performed using the reaction conditions recommended by Perkin-

Elmer Cetus. PCR screening was carried out for 35 cycles at 94°C for 1 min, 

55°C for 1 min, and 72°C for 1.5 min. The PCR products were analyzed on a 

2% agarose gel, and amplified fragments were ligated into the pCR 2.1 cloning 

vector (Promega). Two ^1 of the fresh PCR product was ligated into the pCR 2.1 

vector (Invitrogen, San Diego, CA) following the TA cloning protocol. 
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Transformations were carried out using DH-5-a competent cells (Invitrogen, San 

Diego, CA) and plated on LB plates with 5-bromo-4-chloro-3-indolyl-B-D-

galactosidase (X-gal) and isopropyl B-D-thiogalactopyranoside (IPTG) 

(Sambrook et al., 1989). White colonies were selected for plasmid isolation and 

digested with Eco Rl to release the insert. After transformed to DH-5 a 

competent cells, amp.ified cDNA fragment was used in further analyses, such as 

sequencing, Northern blotting, and to develop gene constructs for the expression 

in E coli and in transgenic plant. 

2.5 DNA Sequencing 

Sequencing was performed using T7 primers and custom designed 

terminal primers, using an automated DNA sequencer (ABI PRISM, Model 310, 

USA) at the Texas Tech Biotechnology Core Facility. 

2.6 Construction of Gh-5 in Expression Vector 

The Gh-5 cDNA fragment was isolated from the pCR 2.1 vector 

(Invitrogen, San Diego, CA) by digesting with Nco I/Bam HI and introduced into 

the Nco I/Bam HI sites of the expression vector pET-30b(+) (Novagen, Madison, 

Wl) (Figure 2.1) to produce a recombinant plasmid named pET-Gh-5. 

Subsequently, E coli strain BL21DE3 was transformed with pET-Gh-5. Cells 

were induced in 10 ml liquid LB media to express the Gh-5 protein after 4 hours 

of incubation (OD6oo=0.6) by the addition of IPTG to a final concentration of 1 mM 

and incubated for another four hours. One ml aliquot of the culture was 

centrifuged at 10,000 g for 1 min, and the pelleted cells were resuspended In 100 
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Ill of Ix sodium dodecyl sulfate (SDS) staining buffer and analyzed by SDS 

polyacrylamide gel electrophoresis (SDS/PAGE). 

2.7 Protein Overexpression and Enzymatic Analysis 

The assay for GST in E. coli cells was carried out according to the 

procedure of Takahashi and Nagata (1992) with some modifications. Briefly, the 

E. coli BL21DE3 cells transformed with pET-Gh-5 were cultured for four hours 

and pelleted by centrifugation as previously described. The cells were suspended 

in sodium phosphate buffer (pH 7.0) and lysed by sonication. After the removal 

of cell debris by centrifugation, the enzyme activity in the supernatant was 

determined. The 1 ml reaction consisted of 5 îl of the supernatant, 50 iil of 20 

mM reduced glutathione (GSH), 50 |il of 20 mM 1-chloro 2,4-dinitrobenzene 

(CDNB) and 895 }il of 100 mM sodium phosphate buffer (pH 6.5). The reaction 

was carried out at 25°C for 3 min and GST activity was determined 

spectrophotometrically by the change in absorbance at 340 nm. The reaction rate 

was calculated using the molar extinction coefficient of 9.6 mM'^cm'^ (Habig and 

Jakoby, 1981). Non-enzymatic GSH conjugation was determined using the 

assay medium without protein extract. Standard Bradford method (1976) was 

used to determine the concentration of protein. 

2.8 Glutathione Peroxidase Assay in E Coli 

Glutathione peroxidase was assayed using the procedure of Tappel 

(1978) with several modifications. The stock solution contained 0.25 mM GSH, 
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0.12 mM NADPH and 20 units of glutathione reductase (Sigma, St. Louis, MO) 

prepared in 50 mM Tris-HCI (pH 7.6) with 0.1 mM EDTA. The 15 îl (-50 î g) 

sonicated protein extract was added to 935 |il of the stock solution and incubated 

for 5 min at 25°C. The background rate of NADPH oxidation was determined for 

3 min by measuring the absorbance at 340 nm, after which 50 |il of the substrate 

was added. Three substrates, i.e., 30 mM hydrogen peroxide, 11.7 n M cumene 

hydroperoxide and 24 mM tert-butyl hydroperoxide (all from Sigma, St. Louis, 

MO) were tested. The reaction rate was measured by following the oxidation of 

NADPH spectrophotometrically at 340 nm for 3 min. 

2.9 Application of Recombinant GST 

To evaluate the effect of recombinant cotton GST in E.coli, the sonicated 

supernatant of GST was used. Atrazine and CDNB were used to test GST 

activity of the supernatant of E Coli. Protein extraction buffer and 10 units of 

Bovine GST (Sigma, St. Louis, USA) were used as control. Two hundred |iM of 

CDNB, 200nM reduced glutathione and 500|il of 10 units of recombinant GST 

and bovine GST were mixed and waited at room temperature for both GSTs 

catalyze the conjugation of GSH with CDNB. Atrazine concentration was 1% and 

same concentration of GSH and units of recombinant GST. The solutions were 

prepared by adding GSH and GST into the each substrate solution. The 

prepared reaction solutions were incubated for 1 hour at room temperature to 

GST to catalyze the conjugation of GSH with both substrates. After the 

conjugation reaction was completed, the solution was analyzed for toxicity to 
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plant tissues. Three ml of reaction solution was added to the stems of tomato, 

tobacco, and petunia. The samples were incubated in the ventilated chamber at 

conditions of 16 hours light and 8 hours dark and 27°C. Pictures were taken 3 

days on CDNB and 7 days later, respectively. 

2.10 Sequence Analysis and Amino Acid Seguence Alignment 

Cotton GST cDNA and amino acid sequence comparison was performed by 

the information from NCBI (Gish et al., 1993, Altschul et al., 1990). PC/GENE 

programs were used to analyze translation, hydropathy, amino acid composition, 

molecular weight, detection of sites and signatures, prediction of organelles 

transit peptides, amino acid and nudeotide homology comparison. Also PSORT 

programs from the internet was utilized for the analysis of amino acid sequence 

of Gh-5. 

2.11 Construction of Chimeric GST Sense Constructs 

The sense Gh-5 gene construct was developed by isolating the cDNA 

fragment from the pCR 2.1 vector (Figure 2.2). The cloned cDNA fragment was 

digested with Nco I/Sac I and ligated into the Nco I/Sac I sites of the pRTL 2 

expression vector (kindly provided by Dr. James Carrington, Dept. of Biology, 

Texas A&M Univ.). That vector carries an enhanced CaMV 35S promoter, a 

tobacco etch virus ribosomal binding site, and a 35S-terminator polyadenylation 

signal. The Gh-5 gene cassette was excised as a Sph I fragment and ligated into 

the binary plant transformation vector pCGN 1578 to create pCGN-Gh-5. The 
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pCGN-Gh-5 plasmid was transformed into Agrobacterium strain EHA 101 (van 

Haute etal., 1983). 

2.12 Construction of Antisense GST Constnjcts 

The antisense Gh-5 constructs was developed by ligating the Eco Rl Gh-5 

cDNA fragment into the Sac l/Kpn I site of pRTL 2 to create antisense pRTL2-

Gh-5 (Figure 2.3). The antisense pRTL2-Gh-5 plasmid was cut with Sph I and 

the fragment was ligated into pCGN 1578 to create pCGN-ASGh-5. 

2.13 /\aro£)acfer/ty/77-mediated Plant Transformation 

The sense Gh-5 gene construct in pCGN 1578 was mobilized into A. 

tumefaciens strain EHA 101 by direct transformation. A single colony was 

inoculated into 50 ml of MG/L media (Appendix A) with 50 |ig/ml kanamycin. The 

culture was grown overnight at 30°C in a shaking incubator (250 rpm) and the 

overnight culture was added into new 50 ml MG/L media without antibiotics and 

grown for 3 h. Cells were collected by centrifugation for 10 min at 12,000 rpm 

and resuspended in 2 ml of fresh MG/L media. Approximately 1 ng of the 

purified plasmid that contains a specific chimeric gene construct was mixed with 

200 [i\ of the pelleted cells. The mixture was frozen immediately in liquid nitrogen, 

thawed at 37°C for 5 min, transferred to 1 ml of MG/L and grown for 2 h at 30°C 

in a shaking incubator. The culture was plated onto MG/L plates containing 100 

|ig/ml gentamycin and 50 ng/ml kanamycine, and grown at 30°C. Putative 
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transformant colonies were grown in liquid culture with 100 lag/ml gentamycin 

and 50 |ig/ml kanamycin. Plasmids were recovered, and analyzed by restriction 

analysis and Southern blotting. Two ml cultures of positive EHA 101 clones were 

used for inoculation of tobacco leaf disks. 

Inoculation of tobacco (Nicotiana tabacum cv. Xanthi) leaf disks was 

performed following the protocol of Horsch et al. (1985). Fully expanded, healthy 

leaves from about two month old tobacco plants were collected, disinfected in 

14% chlorox for 5 min and washed 5 times with sterile water. A number 7 cork 

borer was used to make leaf disk punches 1.5 cm in diameter. The leaf disks 

were immersed for 5 min in the Agrobacterium solution that contains the chimeric 

gene construct of interest, blotted on sterile 3M paper and placed upside down 

on MSA nutrient plates (Appendix A) for 2 days in the dark and at room 

temperature to allow infection to occur. They were then transferred to MSB 

plates (Appendix A) containing hormones and antibiotics that promote growth of 

callus and shoot formation. Shoots that formed from the calluses were cut and 

transferred to MSC plates (Appendix A) for root formation. The regenerated 

plantlets were transferred into Magenta boxes with sterile potting soil and slowly 

acclimated prior to potting in 1 gallon containers in the greenhouse. 

2.14 Southern and Nothern Blot Analysis 

Isolated total RNA (30jig) from transgenic tobacco plants was 

electrophoresed on 1.0% agarose gels containing 2.2M formaldehyde and 

transferred to the nitrocellouse. The filter was prehybridized for 1-2 hours at 
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42°C in hybridization solution. The solution contained 50% (v/v) formamide, 10X 

Denhardt's reagent (IX Denhardt's: 0.02% PVP, 0.02% Ficoll, and 0.02% BSA), 

1.0%SDS, and 6XSSPE (IX SSPE: 0.18M NaCI, lOmM NaH2P04, pH 71, ImM 

EDTA). Hybridization was performed in the same prehybridization solution and 

the probe. The probe was labeled with [a-^^P] dCTP using a random primer DNA 

labeling kit (United State Biochemical Co., Cleveland, OH). After overnight 

hybridization, the filters were washed, exposed to the X-ray film at -80°C with an 

intensifying screen and developed. 

2.15 GST Enzyme Assay for Transgenic Plants 

Activities of GST enzyme from the transgenic tobacco and control tobacco 

plants were evaluated by determining kinetic parameters with respect to the 

model substrate (CDNB) according to the procedure of Mozer et al (1983). The 

reaction mixture contains final concentrations of lOmM GSH and ImM CDNB, 

which is dissolved in 2.5% ethanol, and potassium-phosphate buffer (0.1 M, pH 

6.5). GST activity was calculated by measuring the absorbance at 340nm and 

an extinction coefficient of 9.6 mM/cm (Habig and Jakoby, 1981). 

2.16 Analysis of Transgenic Seedlings 

To determine whether increased levels of GST can affect the tolerance of 

plants to abiotic stress, the growth of seedlings under various stress conditions 

i.e. low temperature, salt stress, herbicides and heavy metals was analyzed. 

Mature seeds from six independent lines of transgenic Gh-5. overexpressing 
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plants and Xanthi or nonexpressors (control) were harvested and sown on Petri 

dishes lined with filter papers, nutrient media, or soil. 

For low temperature treatment, the Petri dishes were incubated in growth 

chambers at 15°C. For the salt treatment, seeds were treated with different 

concentrations of NaCI, i.e., 0, 50, 100, 150, 200 mM NaCI, and incubated at 

25°C in the dark. 

For the heavy metal treatment, seeds were incubated in solutions 

containing 0.5 mM CUSO4, 0.5 mM Fe2S04 and 1 mM CdCb. For each 

experiment, 20 seedlings per line were used to measure seedling length four 

days after imbibition (DAI) for the herbicide treatments and seven DAI for the 

heavy metal treatments. 

2.17 Membrane Permeability Analysis 

The assay for membrane damage caused by methyl viologen (MV, also 

known as paraquat dichloride, Sigma) was carried out as described by Sen 

Gupta et al., 1993a). Life disks (1.5 cm in diameter) were incubated in 30mm 

Petri dishes with 4 ml of water (control), 0.6 |im MV, 1.2 |iM MV, and 2.4 |iM MV 

in water. The samples were vacuum infiltrated for 2 min, incubated at 27°C in the 

dark for 16hr, illuminated at 500 i^moles m"̂  s""* for 2 hr at 27°C then incubated in 

the dark at 30°C for 16 hr. Initial cell leakage was measured using an Orion 

model 120 conductivity meter. The MV solutions and leaf disks were autodaved 

for 25 min, cooled, and a final conductivity reading was taken. Percent 

electrolyte leakage was calculated based on initial and final readings. 

36 



00 

5 o :i D o o E 

CM 

> ^ 

G: — 
O o 

kan 
(4048 
-4860) 

on 
(3339) 

Figure 2.1-Diagram of the E coli expression vector pET-30b(+). 
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Figure 2.2 The development of the sense Gh-5 construct. See text for details. 
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Figure 2.3 The development of the antisense Gh-5 construct. 
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CHAPTER II 

RESULTS 

3.1 Isolation and Molecular Characterization of Gh-5 

Polymerase chain reaction-based cloning techniques were used to isolate 

the full length Gh-5 cDNA. The full length Gh-5 cDNA was sequenced by 

automated DNA sequencing at the Texas Tech Biotechnology Core Faculty. 

Figure 3.1 that the 988 base nucleotide sequence and the deduced amino acid 

sequence of Gh-5 cDNA. The open reading frame encodes a polypeptide of 281 

amino acids with a predicted molecular mass of 31,837 Da. The amino acid 

sequences of ten plant GSTs were aligned using the Clustal program (PC/GENE) 

(Figure 3.2). The G/?-5-encoded polypeptide shares strong sequence similarity 

with this group of enzymes. The highest identity score obtained was 74% with 

T7N9.15 from Arabidopsis thaliana and the lowest was 22% with Homo sapiens. 

It is apparent that the Gh-5 amino acid sequence includes a 47 amino terminal 

extension that is not present in other GST sequences (Figure 3.2). The amino 

acid sequence from position 1 to 47 was predicted to be a mitochondrial targeting 

peptide by the program Prosite (PC/GENE) (Figure 3.2). On the other hand, the 

PSORT program predicted Gh-5 to be a cytosolic protein (Figure 3.4). The 

hydropathy index plot for the deduced amino add sequence of Gh-5 revealed 

that, despite helical, coiled nature, Gh-5 is rather hydrophobic protein induding 

the N-terminus (Figure 3.6). The N-terminus of Gh-5 polypeptide is somewhat 

40 



hydrophobic which is consistent with its identification as a potential mitochondrial 

targeting domain. 

3.2 Accumulation and Induction of Gh-5 transcript 

RNA blot analysis showed that Gh-5 mRNA accumulates to high levels in 

cotton ovules. Analysis of Gh-5 transcript during cotton ovule development 

indicated that accumulation of Gh-5 mRNA is very low at anthesis, but increases 

rapidly reaching peak by 6 DPA, and then decreases sharply after 8 DPA. Also 

different size bands of mRNA signals were found on 8 DPA band. (Figure 3.7). 

Expression of Gh-5 mRNA could be detected in RNA from cotton leaves after 

being sprayed with 0.1 M 2,4-D (Figure 3.8). 

This result can be interpreted that Gh-5 is strongly expressed in cotton 

ovules during eariy stages of development. Gh-5 is not expressed at high levels 

in other organs constitutively, but can be induced by 2,4-D. The synthetic auxin 

2,4-D is a potent inducer of GST expression in tobacco. 

3.3 Gh-5 Expresison in E coli and GST Assay 

Gh-5 was inserted into the expression vector, pET30-b(+),and introduced 

into E. coli strain BL21 DE 3 . Bacterial cultures induced with 10 mM IPTG 

yielded functional GST. SDS/PAGE of recombinant cotton GST showed a strong 

band with an apparent molecular mass of approximately 32,000 Da, that was not 

found in extracts from control or non-induced cultures (Figure 3.9). This 
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apparent molecular mass agrees with the calculated value for the Gh-5 

polypeptide. The expressed protein was found most abundantly in the 

supernatant fraction of the E coli extracts. So the protein is likely to be in soluble 

form. When CDNB was used as substrate, this putative cotton GST (pET-Gh-5) 

showed significant GST activity (Figure 3.10). 

3.4 Test for the GPX Activity from Gh-5 

Two papers reported that some plant GSTs have also GPX activity 

(Bartling et al., 1993; Roxas et al., 1997). Therefore, the Gh-5 GST from E coli 

was assayed for GPX activities using three different substrates (Table 3.1). 

Three substrates were hydrogen preoxide (HP), tert-butyl hydroperoxide (TBP) 

and cumene hydroperoxide (CH). From this data, it is apparent that recombinant 

Gh-5 GST does not have detectable GPX activity in vitro. 

3.5 Application of Cotton GST Which Was Expressed 

in the E. coli 

Pretreatment of CDNB solutions with either bovine GST or Gh-5 GST 

caused reduced toxicity in shoot tips from tobacco, tomato and petunia plants 

(Figure 3.11). Similar experiments with atrazine on tomato stems also showed 

the protection of tomato stems from the herbicide (Figure 3.12). Plant samples 

treated with CDNB or atrazine were damaged at veins and lower parts of stem. 

Therefore, the GST substrate CDNB is toxic to the plant tissues and CDNB can 

be detoxified by the activity either of bovine GST or Gh-5 GST. 
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3.6 Expression of Gh-5 in Transgenic Tobacco Plants 

To determine whether Gh-5 could be overexpressed in transgenic plants, 

the pCGN-G/?-5 gene constructs were introduced into tobacco using 

/\gfro/)acfer/iy/77-mediated transformation. Independently transformed Gh-5 

tobacco plants that expressed the Gh-5 construct were analyzed. Southern (data 

not shown) and Northern blot were used to identify transgenic plant that express 

the Gh-5 gene construct. 

A Northern blot of the Gh-5 expressors and non-expressors was 

hybridized to a ^^P-labelled full length Gh-5 cDNA. The autoradiogram indicated 

that CGST2, CGST5, CGST8, CGST9, CGST11, and CGST32 of Gh-5 

transgenic tobacco plants had high steady-state levels of Gh-5 mRNA. No 

hybridization was detected in wild type non-transgenic tobacco plants (Figure 

3.13). Interestingly, clear differences were seen in the pattern of Gh-5 transcripts 

in various transgenic tobacco lines. Lines CGST2, CGST9, and CGST11 

showed intense bands that appear to correspond with those from cotton ovules 

RNA samples. These are designated Type I. On the other hand, three other 

lines, CGST5, CGST8, and CGST32 showed a different pattern of GST mRNAs. 

These were designated Type II. The predominant band was slightly larger than 

that seen in the other three lines. This apparently higher molecular mass RNA 

species may correspond with the multiple bands seen in mRNA bands in cotton 

ovules (Figure 3.7). 
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3.7 Cotton GST Activity in Transgenic Tobacco Plants 

Levels of total GST specific activity were assayed in transgenic plants, 

using CDNB as a substrate. Type I GST-expressing transgenic tobacco plants 

had approximately two-fold higher activity in leaf extracts compared with control 

and non-expressor plants (Figure 3.15). GST specific activity in Type II COST 

plants, which was somewhat lower than in Type I plants, was approximately 1.5 

times higher than control plants. The results from this assay confirmed that Gh-5 

transgenes encode an active GST in transgenic tobacco plants. Evaluation of the 

effects of overexpression of cotton GST was performed on the several 

environmental stressors, such as low temperature, salinity, heavy metals and 

herbicides. The effects of chilling temperature on cotton GST expressing 

seedlings was evaluated by growing the control and transgenic seedlings at 15°C 

in the growth chamber in the light. Both Type I and Type II GST-expressing 

seedlings grow significantly faster than control seedlings. However, the 

improvement in growth of Type II seedlings were more substantial than Type I 

(Figures 3.16, 3.17, and 3.18) 

To test for tolerance to salinity, seeds of Gh-5 overexpressors and the wild 

type tobacco (cv. Xanthi) seedlings were grown in solutions of 0, 50, 100, 150 

and 200 mM NaCI. The growth pattern was similar in both transgenic and non-

expressor seedlings in water. At 50 and 100 mM NaCI, G/?-5 transgenic 

seedlings showed higher growth rate over control seedlings (Figures 3.19, 3.20, 

3.21, and 3.22). But at 150 and 200mM NaCI concentration for six days 
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incubation, the difference in growth rate was not detected. The conclusion from 

salt experiment is that Gh-5 gene in transgenic tobacco transgenic seedlings 

may provide protection from mild and moderate salt concentration, but cannot 

protect the seedlings from higher concentration of salt at 150 and 200 mM. 

3.8 Paraguat Assay 

To determine whether increased GST activity would protect the transgenic 

plants from oxidative stress, experiment were conducted on plants treated with 

the herbicide paraquat, also known as methyl viologen (MV). Paraquat 

intercepts electrons normally transported from reduced fen-edoxin (Fd) to NADP* 

in the photosystem I of the electron transport chain to form a MV radical. When 

the MV radical reacts with oxygen, superoxide radicals are produced, leading to 

the production of hydrogen peroxide and OH radicals. The MV protection assay 

was performed by incubating the leaf disks of transgenic Gh-5 plants at varying 

concentrations of MV and the extent of membrane damage was determined by 

measuring the percentage of electrolyte leakage from the tissues. Results 

indicate that the percentages electrolyte leakage from the leaf disks obtained 

from GST overexpressing plants were not significantly different from leaves of 

untransformed Xanthi (control) plants (Table 3.2). 
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GTTGGACCGC TAGATGCAAC TAGAAACTTA TTGGATGCTG CAGATGAAAG CAGTTACGAG 60 
M Q L E T Y W M L Q M K A V T S 16 

TGTTAGAAAG TGTGAAGTTT CATCTCTTGG GTTCTCCTTC AATTTATATA TAAACACCTG 120 
V R K C E V S S L G F S F N L Y I N T C 36 

TAGAGTGAAG ACATTCGTGA CTCTTAAAAG AAATTTGACC ATGGCAAAGA GTGATGCCGA 180 
R V K T F V T L K R N L T M A K S D A E 56 

AGTGAAAGTT TTGGGCACAT GGGCGAGTCC ATTCGTGATG AGGGTAAGGA TTGCCCTGAA 24 0 
V K V L G T W A S P F V M R V R l A L N 76 

CATCAAGTCT GTGGCCTATG AATTTCTTCA GGAGAGGTTA TGGGAAGGCA AAAGCGAGCT 300 
I K S V A Y E F L Q E R L W E G K S E L 96 

TCTCCTCAAA TCAAACCCAG TTCACAGAAA GGTCCCTGTC CTCATTCATG GTGATGACAC 360 
L L K S N P V H R K V P V L I H G D D T 116 

CATCTGTGAG TCTCTCATTA TTGTCCAATA CATCGATGAG GTTTGGCCTT CTGTCCCCAT 420 
I C E S L I I V Q Y I D E V W P S V P I 136 

TCTTCCTTCT GATCCCCATG /\ACGTGCCGC CGCTCGTTTT TGGGCTGCTT ATCTTGACGA 4 80 
L P S D P H E R A A A R F W A A Y L D D 156 

CAAGTGGTTC CCTTCCTTGA GAGCTATTGG TATGGCTGAA GGAGAGGATG CAAGGAAAGC 54 0 
K W F P S L R A I G M A E G E D A R K A 176 

AGCCATAGGG CAAGTGGAGG AAGGGCTGAT GCTGTTAGAG GAGGCATTTG GCAAATGCAG 600 
A I G Q V E E G L M L L E E A F G K C S 196 

CCAAGGGCAG GCATTCTTTG GGAAGGATCA AATTGGATAT CTTGACATAA CATTTGGGTG 660 
Q G Q A F F G K D Q I G Y L D I T F G C 216 

CTTTTTGGGG TGGCTAAGAG TGACAGAGAA GATGAGTGGG ATCAAGCTGC TTAATGAAAT 720 
F L G W L R V T E K M S G I K L L N E I 236 

CAACACTCCT GCTCTGCTTA AATGGGCTAA CAGATTCTGC AATGATGCCG CCGTGAAAGA 7 80 
N T P A L L K W A N R F C N D A A V K D 256 

TGTCATGCCT GAGACCGAAA AGCTTGCGGA GTTTGCTAAG ATGCTTAGGG GCAGAGTGAG 84 0 
V M P E T E K L A E F A K M L R G R V R 276 

AGCCACTCCC ACATCTTGAA TTGCCAAAGG GAGCCATATT TCTTGGCTCT TGACCATATT 900 
A T P T S - 281 

TTACATGCAA TTGTCTCCTT TCCGGTTTTT CTAAATAAAA GTATGGCATT TTTACCCCAG 960 
TAATACAAAA AAAAAAAAAA AAAAAAAA 988 

Figure 3.1 Nucleotide sequence of Gh-5. The deduced amino acid sequence is 
indicated below the coding region. The putative poly(A) tail addition sequence is 
underiined. 
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1 15 16 30 31 45 46 60 
1 GH5 MQLETYWMLQMKAVT SVRKCEVSSLGFSFN LYINTCRVKTFVTLK RNLTMAKSDAEVKVL 
2 Aegilops MAGGD-DLKLL 
3 NT107 MANE-EVILL 
4 Paj-C MAD-EWLL 
5 Eucalyptus MAE-EVILL 
6 Arabidopsis MAEKE-EVKLL 
7 Mungbean E LKCFDGFKSGRSDPS 
8 Bronze-2 MTAGTMRVL 
9 Carnation MSSSETQKMQLY 

10 ParB MAIKVH 
11 Wheat MSPVKVF 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

GH5 
Aegilops 
NT107 
Pare 
Eucalyptus 
Arabidopsis 
Mungbean 
Bronze-2 
Carnation 
ParB 
Wheat 

61 75 
GTWASPFVMRVRIAL 
GAWPSPFVTRVKLAL 
DFWPSMFGMRLRIAL 
DTYVSMFGVSVRIAL 
DFWPSPFGMRAKIAL 
GIWASPFSRRVEMAL 
GIIGSPFVCRVKIAL 
GGEVS P FTARARLAL 
SFSLSSCAWRVRIAL 
GSPMSTATMRVAACL 
GHPMLTNVARVLLFL 

76 90 
NIKSVAYEFLQERLW 
ALKG'.SYEDVEEDLY 
AEKEIKYEYKEEDLR 
AEKGIQYEYKEQDLL 
REKGVHFDLREEELL 
KLKGIPYEYVEEILE 
KLKGVEYKYVEENFR 
DLRGVAYELLDEPLG 
HLKGLDFEYKAVDLF 
lEKELDFEFVPVDMA 
EEVGAEYELVPMDFV 

91 105 
E—GKSELLLKSNPV 
K KSELLLKSNPV 

NKSPLLLQMNPI 
NKTPLLLQMNPI 

S—NKSPLLLQMNPV 
NKSPLLLALNPI 
NKSEQLLKYNPV 

P—KKSDRLLAANPV 
KGEHLTPEFLKLNPL 
SGEHKKHPYLSLNPF 
AGEHKRPQHVQLNPF 

106 120 
HRKVPVLIHG-DDTI 
HKKIPVLIHN-GAPV 
HKKIPVLIHN-GKPI 
HKKIPVLIHN-GKPI 
HKKIPVLIHN-GKPV 
HKKVPVLVHN-GKTI 
HKKVPVFVHG-DKPL 
YGKIPVLLLPDGRAI 
G-YVPVLVHG-DIVI 
G-QVPAFEDG-DLKL 
A-KMPGFQDG-DLVL 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 

GH5 
Aegilops 
NT107 
ParC 
Eucalyptus 
Arabidopsis 
Mungbean 
Bronze-2 
Carnation 
ParB 
Wheat 

121 135 
CESLIIVQYIDEVWP 
CESMIILQYIDEVFA 
CESIIAVEYIEEVWK 
CESLIIVEYIDEVWK 
CESHIIVQYIDETWG 
LESHVILEYIDETWP 
PESLVIVEYIDETWN 
CESAVIVQYIEDVAR 
ADSLAIIMYLEEKFP 
FESRAITQYIAHVYA 
FESRAIAKYILRKYG 

136 150 
SVP ILPS 
STG PSLLPA 
DKA PNLLPS 
DKS P-FMPS 
PES P-LLPS 
QNP ILPQ 
NNP ILAS 
ESGGAEAGS-LLLPD 
ENP LLPQ 
DNG YQLILQ 
GTAG LDLLGE 

151 165 
DP—HERAAARFWAA 
DP—YERAIARFWVA 
DP—YDRAQARFWAD 
DP—YKRAQARFWAD 
EP—HERARARFWAD 
DP—YERSKARFFAK 
DP—YQRALARFWSK 
DP—YERAMHRFWTA 
DL—QKRALNYQAAN 
DP—KKMPSMSVWME 
NSGIEELAMVDVWTE 

166 180 
YLDDKWFP 
YVDDKLVA 
YIDKKLYD 
YVDKKIYE 
YVDKKIFP 
LVDEQIMN 
FIDDKIVG 
FIDDKFWP 
IVTSNIQP 
VEGQKFEPPAT 
VEAQQYY PAIS P W F 

181 195 
1 GH5 SLRAIGMA 
2 Aegilops PWRQWLRG 
3 NT107 FGRKLWTT 
4 Pare SGKKMWTS 
5 Eucalyptus AGRAAWRS 
6 Arabidopsis VGFISMAR 
7 Mungbean ASWKSVFT 
8 Bronze-2 ALDAVSLA 
9 Carnation LQNLAVLN 

10 ParB KLTWELGIKPIIGMT 
11 Wheat ECIIIPFIIPGGGAA 

196 210 
EGEDARKAAIGQVEE 
KTEEEKSEGKKQAFA 
KGEE-QEAAKKDFIE 
KVED-QEAANKEFIE 
TGEA-QEAAKKEYIE 
ADEKGREVLAEQVRE 
VDEKEREKNIAETYE 
PTPGARAQAAEDTRA 
YIEEKLGSDEKLSWA 
TDDAAVKESEAQLSK 
PNQTWDESLERLRG 

211 225 
GLMLLEEAFGKCSQG 
AVGVLEGALRECSKG 
CLKVLEGALGDKP— 
CLKLLEGELGDKP— 
GLKMLEGELGDTP— 
LIMYLEKELVGKD— 
SLQFLENEIKEKK— 
ALSLLEEAFKDRSNG 
KHHIKKGFSALEK— 
VLDIYETQLAESK— 
VLGIYEARLEKSR— 

226 240 
QAFFGKD—QIGYLD 
GGFFGGD—GVGLVD 
—YFGGE—SFGFVD 
—YFGGE—RFGFVD 
—YFGGE—RFGFLD 
—YFGGK—TVGFLD 
—FFGGE—ELGLVD 
RAFFSGGDAAPGLLD 
—LLKGHAGKYATGD 
—YLGGD—SFTLVD 
—YLAGD—SITFAD 

Figure 3.2 The amino add sequence of Gh-5 was compared with several other 
sources of plants. "*" indicates a position in the alignment that is perfectly 
conserved and"." indicates a site that is well conserved. 
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241 255 256 270 271 285 286 300 
1 GH5 -ITFGCFLGWLRVTE KMSGIKLLNEINTPA LLKWANRFCNDAAVK DVMPETEKLAEFAKM 
2 Aegilops -VALGGVLSWMKVTE ALSGDKIFDAAKTPL LAAWVERFIELDAAK AALPDVGRLLEFAKA 
3 NT107 -lALIGYYSWFYAYE TFGN--FSTEAECPK FVAWAKRCMQRESVA KSLPDQPKVLEFVKV 
4 ParC -MALMPYYSWFPSYE KFGN—FSIEAECPK IVEWAKKCVQKESVS KSLADPDKVYDYIVM 
5 Eucalyptus -VSLIPFYSWFYAVE TLTG—CSFEEECPK LVGWAKRCMQRESVA RSLPDQHKVYDFSRR 
6 Arabidopsis FVAGSLIPFCLERGW EGIGLEVITEEKFPE FKRWVRNLEKVEIVK DCVPPREEHVEHMNY 
7 Mungbean -lAAVYVAFWIPLIQ EIAGLELLTSEKFPN LYRWSQEFLNHPIVK ESLPPRDPVFAFFKG 
8 Bronze-2 -LALGCFLPALRACE RLHGLSLIDASATPL LDGWSQRFAAHPAAK RVLPDTEK\A/QFTRF 
9 Carnation EVGLADLFLAPQIIA SITG-FGMDMAEFPL LKSLNDAYLKYQHFR MRCQRISPMLDEAKS 

10 ParB LHHIPNIYYLMS SKVK—E-VFDSRPR VSAWCADILARPAWV KGLEKLQK 
11 Wheat LNHIPFTFYFMT TPYA KVFDDYPK VKAWWEMLMARPAVQ RVCKHMPTEFKLGAQ 

* 

301 315 
1 GH5 LRGRVRATPTS- 281 
2 Aegilops REAAAAASK 230 
3 NT107 LRQKFGLE 221 
4 ParC ARQKWGIA 219 
5 Eucalyptus SGRRFRRK 220 
6 Arabidopsis MAERVRSS 224 
7 Mungbean RYEGLFSSK 230 
8 Bronze-2 LQVQAQFRVHVS 241 
9 Carnation 221 

10 ParB 213 
11 Wheat Y 229 

Figure 3.2 Continuted. The amino acid sequence of Gh-5 was compared with 
several other sources of plants. "*" indicates a position in the alignment that is 
perfectly conserved and "." indicates a site that is well conserved. 
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GH5 

AEGILOPS 

ARABID"! 

MUNGBEAN 

EUCALVl 

NT1B7 

PARC 

BRONZE-2 

CARNAT"! 

TOBACCO 

UHEAT 

Figure 3.3 Dendrogram of the alignment with other plant GSTs. The phylogenic 
tree was constructed using the PC/GENE. The amino acid sequence was 
retrived from Genebank and the sequence aligned are listed at the right hand of 
the figure. 
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Input Sequence 

Gh-5 (281 aa) 

MKAVTSVRKC EVSSLGFSFN LYINTCRVKT FVTLKRNLTM AKSDAEVKVL 
GTWAS PFVMR VRIALNIKSV AYEFLQERLW EGKSELLLKS NPVHRKVPVL 
IHGDDTICES LIIVQYIDEV WPSVPILPSD PHERAAARFW AAYLDDKWFP 
SLRAIGMAEG EDARKAAIGQ VEEGLMLLEE AFGKCSQGQA FFGKDQIGYL 
DITFGCFLGW LRVTEKMSGI KLLNEINTPA LLKWANRFCN DAAVKDVMPE 
TEKLAEFAKM LRGRVRATPT S 

Results of Subprograms 

Amino acid composition 

25 A 
16 R 
9 N 

12 D 

6 C 
8 Q 

21 E 
16 G 

3 H 
15 I 
30 L 
20 K 

10 M 
14 F 
11 P 
16 S 

14 T 
8 W 
6 Y 

21 V 

Number of sidues: 281 

Molecular weight (MW): 31,837 

PSG: a new signal peptide prediction method 
N-region: length 4; pos.chg 0; neg.chg 1 
H-region: length?; peak value 0.00 
PSG score: -4.40 

GvH: von Heijne's method for signal seq. recognition 
GvH score (threshold: -2.1): -9.16 
possible cleavage site: between 35 and 36 

> » Seems to have no N-terminal signal peptide 

ALOM: Klein et al's method for TM region allocation 
Init position for calculation: 1 
Tentative number ofTMS(s) for the threshold 0.5: 0 
number of TMS(s).. fixed 
PERIPHERAL Likelihood = 2.86 (at 121) 
ALOM score: 2.86 (number of TMSs: 0) 

Figure 3.4 Results of psort (http://psort.nibb.ac.ip/form2.html) and PC/GENE 
program. Analysis of Gh-5 amino acid sequence was performed by internet. 

50 

http://psort.nibb.ac.ip/form2.html


MITDISC: discrimination of mitochondrial targeting seq 
R content: 1 Hyd Moment(75): 2.79 
Hyd Moment(95): 0.45 G content: 0 
D/E content: 2 S/T content: 3 
Score: -6.35 

Gavel: prediction of cleavage sites for mitochondrial preseq 
R-2 motif at 47 KRN|LT 

NUCDISC: discrimination of nuclear localization signals 
pat4: none 
pat7: none 
bipartite: none 
content of basic residues: 12.8% 
NLS Score: -0.47 

KDEL: ER retention motif in the C-tenninus: none 

ER Membrane Retention Signals: none 

SKL: peroxisomal targeting signal in the C-terminus: none 

SKL2: 2nd peroxisomal targeting signal: none 

VAC: possible vacuolar targeting motif: none 

RNA-binding motif: none 

Actinin-type actin-binding motif: 
type 1: none 
type 2: none 

NMYR: N-myristoylation pattern : none 

Prenylation motif: none 

memYQRL: transport motif from cell surface to Golgi: none 

Tyrosines in the tail: none 

Dileucine motif in the tail: none 

Figure 3.4 Continuted. Results of psort fhttp://psort.nibb.ac.ip/form2.htmn and 
PC/GENE program. Analysis of Gh-5 amino acid sequence was performed by 
internet. 

51 

http://psort.nibb.ac.ip/form2.htmn


checking 63 PROSITE DNA binding motifs: none 

checking 71 PROSITE ribosomal protein motifs: none 

checking 33 PROSITE prokaryotic DNA binding motifs: none 

Results of the k-NN Prediction 

56.0 %: cytoplasmic 
28.0 %: nuclear 
4.0 %: cytoskeletal 
4.0 %: mitochondrial 
4.0 %: vesicles of secretory system 
4.0 %: endoplasmic reticulum 

» prediction for Gh-5 is cytosolic 

Figure 3.4 Continuted. Results of psort (http://psort.nibb.ac.ip/form2.html) and 
PC/GENE program. Analysis of Gh-5 amino acid sequence was performed by 
internet. 
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Detection of sites and signatures in cotton GST protein 

N-glycosylation 

Found at 47 : vtlkr N Itmak 

Protein kinase C phosphorylation site. 

Number of potential sites found: 6 

[1] 16 : mkavt S vrkce 
[2] 35 : nlyin T crvkt 
[3] 43 : vktfv T Ikml 
[4] 161 : dkwfp S haig 
[ 5] 224 : gwlrv T ekmsg 
[6] 261 : dvmpe T eklae 

Casein kinase II phophorylation site. 

Number of potential sites found: 2 

[1] 53 : Itmak S daevk 
[2] 116:ihgddTicesl 

N-myristoylation site. 

Number of potential sites found: 2 

[ 1] 166 : slrai G maege 
[2] 215:lidtfGcflgw 

Figure 3.5 Predictions of sites and signatures of the deduced amino acid 
sequence of Gh-5 utilizing PC/GENE program and psort from internet. The 
overall prediction for the active sites of Gh-5 protein is cytosol. 
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Figure 3.6 Hydropathy profiles of the complete amino acid sequence of Gh-5. 
Hydrophobicity index (y-axis) versus amino acid residue number (x-axis). 
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Figure 3.7 Accumulation of G/7-5 mRNA in different ages of ovules. Total RNAs 
were isolated from 0, 2, 4, 6, 8, 10, 15, 20, 25, 30DPA ovules. Twenty îg of total 
RNA per lane were electrophoresed, transferred to a nitrocellulose membrane, 
and hybridized with Gh-5 cDNA. The membrane was exposed to X-ray film at 
-80°C for 4 hours. Note that different sizes of transcript were found on the 8DPA 
lane. 
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Figure 3.8 The effects of 2,4-D on the induction of cotton GST transcript from 
cotton leaves. 100 mM 2,4-D for 3 hour treatment induced the Gh-5 transcript. 
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Figure 3.9 Expression of Gossypium hirsutum L. glutathione S-transfe.rase 
protein in E. coli. After inducing the cells by IPTG, the celles were lysed and 
expressed protein extracts were run on SDS-PAGE. The 10% gel was stained 
by Coomassie blue. M is molecular weight marker. Lane 1, 2, and 3 are the 
extracts from only the vector. Lane 4, 5,and 6 are from recombinant Gh-5 cells. 
Lane 1 and 4 are un-induced control. Lane 2 and 4 are supernatant from the 
lysed cells. Lane 3 and 6 are cell wall debris. 
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Gh-5 GST Activity in E. coli 
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Figure 3.10 GST specific activity of protein extracts from E. coli cells containing 
pET-Gh-5 gene construct using CDNB as substrate. 

58 



Table 3.1 Mean GPX specific activity of protein extracts from E. coli cells 
containing the pET-Gh-5 gene. The assay was repeated more than 3 times. The 
change in absorbance at 340 nm per minute. The unit is |imol/min/mg protein. 

Substrates pET pET-Gh-5 

Cumene hydroperoxide 0.5±0.05 1.0±0.06 

tert-Butyl hydroperoxide 0.23±0.04 0.43±0.008 

Hydogen peroxide 11.86±0.06 18.57±0.45 
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Figure 3.11 Effect of CDNB and GST on tomato, petunia and tobacco stems. 
The solutions contain GST and CDNB, which was used as herbicide. Serious 
damage was incurred by CDNB alone, but almost no damage occurred in the 
positive control and cotton GST extracts. The picture was taken on third day. 
Light was on 18 hours and dark was 6 hours. Light intensity was 500 iimoles m' 
V. 
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Figure 3.12 Effects of GST extracts on the herbicide atrazine. Tomato stems 
were dipped in the noted concentration of atrazine for 7 days in the same 
condition with CDNB toxicity experiment. This picture shows the protection from 
atrazine tomato stems in the GST extracts. 
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Figure 3.13 Northern blot of lines of CGST2. CGST9 and CGST11 which can be 
classified as Type I and lines of CGST5. CGST8 and CGST32 which can be 
classified as Type II. Isolated total RNA (30 ^g) from the transgenic tobacco 
plants and wild type plant was separated, blotted onto nitrocellulose, and 
hybridized with a ^^p-iabeled Gh-5 cDNA. These mRNA bands can be compared 
with the band from 8DPA in Figure 3.7. 
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Figure. 3.14 Spectrophotometric GST assay of Gh-5 transgenic tobacco plants 
using CDNB as a substrate. Type I showed Intense bands and Type II showed 
slightly larger band In Figure 3.6.1. In Gh-5 GST activity, Type I and II GST 
showed about 2.5- and 1.5-fold GST specific activity, respectively. 
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Control (Xanthi) 

Figure 3.15 Tobacco seedlings at 15°C for two weeks. The Gh-5 transgenic 
lines at bottom were on the nutrient media grown faster than the Xanthi 
seedlings. 
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control transgenic 

Figure 3.16 Comparison of growth between control and transgenic tobacco 
seedlings at 15°C about 3 weeks. The seedlings were grown in the nutrient 
media. The transgenic seedlings are CGST32. 
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Seedling Growth at IS '̂C 
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Figure 3.17 Seedling length of Gh-5 at 15°C. Error bars indicate SDs. " 
denotes significant difference at P<0.01. 

**» 
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Figure 3.18 Seedling growth at 0 mM NaCI (water). Control(C), Type I (CGST2, 
CGST9 and CGST11) and Type II (CGST5, CGST8 and CGST32) seedlings 
were grown on water-wetted germination paper. No difference was found on 
growth rate In both Gh-5 transgenic and non-expressor seedlings. Control is B 
and transgenics are from C to H. 
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Figure 3.19 Seedling growth at 50 mM NaCI. Control is marked as B and 
transgenic seedlings are from C to H. The different growth rate was found 
between control and transgenic seedlings. 

Seedling Growth at 50 m M 

Figure.3.20 Seedling growth in the 50 mM NaCI solution. The growth rate was 
significantly different with control and transgenic seedlings. Error bars indicate 
SDs. "**" means significant at P<0.01. 
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Figure 3.21 Seedling growth of Gh-5 overexpressing and control (Xanthi) 
exposed to lOOmM NaCI. Seeds were germinated and incubated on pre-wetted 
germination paper with 5 different concentrations of salt. 
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Seedling Growth at 100 mM NaCI 
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Figure 3.22 Seedling growth at lOOmM NaCI. Error bars Indicate SDs. Both 
and "**" means significant at P<0.05 and P<0.01, respectively. 
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Table 3.2 Methyl viologen associated damage in Gh-5 overexpressing and 
control (Xanthi) plants. 

Seedlings 

Control 

Type 1 CGST2 

CGST9 

CGST11 

0.0 

27.3 

27.7 

27.7 

27.0 

Concentration of Paraquat 

0.6 

38.3 

40.0 

36.7 

37.3 

1.2 

54.0 

53.3 

51.7 

54.0 

2.4 

67.7 

68.0 

65.3 

65.7 

71 



CHAPTER IV 

DISCUSSION 

4.1 Gh-5 Encodes a GST 

Analysis of the nucleotide and derived amino acid sequences of Gh-5 

clearly demonstrated that it is a member of the GST super gene family. The Gh-

5 GST appears to be a member of the tau family of plant GSTs that include 

enzymes from Aegilops squarrosa, tobacco. Eucalyptus globulus, Arabidopsis 

thaliana, mungbean, maize, carnation, and wheat. 

Plant GSTs are generally cytosolic and are present as homo- or 

heterodimers with a subunit molecular mass of 25-30 kDa (Droog, 1997). Gh-5 

has a molecular mass of about 32 kDa according to the SDS/PAGE analysis and 

calculation of 281 amino acids. The N-terminal 47 amino acids of Gh-5 appear 

to constitute a mitochondrial transit peptide. If this sequence not included, the 

calculated molecular weight is 25.7 kDa which matches the general size of plant 

GSTs. As show in Figure 3.2, the Gh-5 amino acid sequence is very similar to 

other plant GST sequences. 

Unlike other GSTs, Gh-5 has an amino terminal extension with the 

characteristics of a mitochondrial transit peptide. This putative signal could be 

responsible for the transport of this GST into mitochondria. The transit peptide 

is likely to be cleaved after transport. The role of the enzyme in the 

mitochondria is not clear, but it is possible that it acts to protect these organelles 
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in tissues with high respiratory activity. It should be emphasized that the 

function of the putative transit peptide is based on a computer prediction and 

has not been demonstrated experimentally. Therefore, further analysis of the 

location of this enzyme in cotton will be necessary. 

4.2 Gh-5 belongs to the Class tau 

Plant GSTs are classified into Type I, Type II and Type III. The putative 

cotton GST, Gh-5, can be classified into the Type III GSTs in the theta class 

according to the phylogenetic tree (Marr, 1996; Droog et al.,1995). Recently 

there was a proposal to further divide the theta class into two subgroups named 

theta and tau (Droog, 1997). In these two classes of plant GSTs there are 

several conserved peptide residues in two conserved domains (Droog, 1997). A 

triplet of amino acids, histidine-lysine-lysine, in the first conserved domain, at 

position 53-55, is found only in the tau class sequences (Droog, 1997). 

However in Gh-5, amino acid sequence at 53-55 is histidine-arginine-lysine. 

The conservative substitution of arginine for lysine retains the positive change. 

The triplet, aspartic acid-glycine-aspartic acid, is found in the theta class GSTs 

at position 60-62. In tau class proteins, position 60-62 consensus sequence is 

histidine-asparagine-glycine (Droog, 1977). In G/?-5 the corresponding 

sequence is histidine-glycine-aspartic acid. This sequence is also found in 

mungbean GST. 
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In the second domain at position 156, theta class enzymes have an 

absolutely conserved glycine but in the tau class enzymes this glycine is 

typically replaced by phenylalanine (Droog, 1997). Gh-5 sequence also has 

phenylalanine at this position. 

The last amino acid that can be used to clearly distinguish between theta 

and tau, is at position 165. Glycine is the founc in the tau class GSTs, but in the 

class, theta glycine is replaced either a serine or a threonine. Gh-5 sequence 

contains the conserved glycine at position 165. Therefore, the cotton GST 

encoded by Gh-5 is most similar to the class tau class sequences at position 53-

55, 60-62 and 165 (Droog, 1997). 

4.3 Expression of Recombinant Gh-5 in E. coli 

The expression of recombinant plant GSTs in E coli has been reported 

for the tobacco GSTs, parB (Takahashi and Nagata, 1992), Nt 103 (Droog et al., 

1993) and Nt 107 (Roxas, 1997), and one GST from Arabidopsis thaliana 

(Bartling et. al., 1997). High levels of GST activity were detected in the induced 

and sonicated E coli cells that contain the Gh-5 gene construct using the 

substrate CDNB. This result proves that Gh-5 encodes a functional GST 

enzyme. 

Two published papers reported that some GSTs can also function as GPX 

(Bartling et al., 1993; Roxas et al., 1997). These enzymes can use both H2O2 

and organic peroxides as substrates. The recombinant cotton GST encoded by 
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G/7-5 was assayed for GPX activity using hydrogen peroxide, cumene 

hydroperoxide and tert-butyl hydroperoxide. However, Gh-5 GST expressed in 

E.coli did not have any detectable GPX activity against these substrates. This 

character may functionally distinguish Gh-5 GST from tobacco GSTs such as 

pare and Nt 107 

4.4 CDNB Have Toxicity to Tissues and Cotton 
GST Detoxifies CDNB 

Exposure to 200 ^M CDNB solution was shown to have toxic effects to 

shoot tips from tobacco, tomato, and petunia. Therefore, CDNB, which is 

structurally similar to atrazine and triazine also, has herbicide activity. In plants 

atrazine and triazine are detoxified by conjugation with glutathione by GST. 

Clearly extracts from E co//that express Gh-5 GST are able to detoxify CDNB in 

vitro leading to reduce toxicity when applied to plant tissues. Genetic 

engineering using cotton GST can possibly be used to improve the tolerance for 

atrazine, triazine, and CDNB in transgenic plants. 

4.5 Analysis of GST Transgenic Plants 

Southern and Northern blot analyses confirmed the successful 

transformation of the cotton Gh-5 GST gene construct in tobacco plants. Two 

types of transcript patterns were identified in transgenic tobacco plants. GST 

specific activity in Type I transgenic lines (CGST2, CGST9, and CGST11) was 
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about 2.5-fold higher than the wild type and non-expressors. In Type II plants 

GST activity (CGST5, CGST8, and CGST32) was about 1.5-fold higher than the 

wild type and non-expressor plants. These results are similar to those obtained 

by overexpression of tobacco GST Nt 107 in tobacco plants (Roxas et. al., 

1997). When Type I and Type II Gh-5 expressing tobacco seeds were 

germinated and grown on the nutrient medium at 15X for 2 and 3 weeks, the 

Gh-5 transgenic lines grew much faster than the wild type tobacco seedlings 

(Figure 15 and 16). Differences in the growth of transgenic seedlings and non-

expressors at 15°C and in the light were statistically significant (Figure 3.17). 

The results are similar with those reports by Roxas et al. (1997) for the growth of 

transgenic tobacco seeds that overexpress tobacco GST. Therefore, 

overexpression of cotton GST, like the tobacco GSTs, parB and Nt 107, can 

provide protection of transgenic seedlings from low temperature. It is possible 

that this approach could be applied to other plant species to develop plants with 

improved seedlings salt tolerance. 

Transgenic seedlings were also tested for salt tolerance. No differences 

were found when the seeds were imbibed with water as control. But at 50 and 

100 mM NaCI, significant differences were detected between non-expressors 

and GST overexpressors (Figures 3.19, 20, 21, and 22). These results are very 

similar to the previous experiments by Roxas et al. (1997). According to her 

results, significant salt tolerance was identified In a GST overexpressing tobacco 

seedlings at concentrations below 200 mM NaCI. 
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These results indicate that overexpression of cotton GST in transgenic 

tobacco seedlings provide stress tolerance phenotypes that are approximately 

equivalent to those provided by the tobacco GST Nt 107. Interestingly, Roxas et 

al. proposed that the beneficial effects of GST overexpression could be due to 

the antioxidant effect of the GPX activity of this enzyme. However, since 

recombinant Gh-5 GST apparently lacks GPX activity, yet it provides similar 

phenotypes in transgenic seedlings, it may be that the GPX activity is not critical. 

4.6 Antisense Gh-5 Transgenic Cotton Plants 

Cotton plants that have been transformed with the antisense Gh-5 

constructs are a waiting analysis. These antisense GST transformants were 

designed to suppress the activity of Gh-5 specifically in transgenic cotton 

tissues. Because Gh-5 is developmentally regulated at early stage in the cotton 

fiber and has a putative mitochondrial transit peptide, suppression of the Gh-5 

gene by the antisense RNA may provide information about the specific role of 

Gh-5 in fiber cells. 

4.7 Conclusions 

The cotton Gh-5 cDNA encodes a GST that is predominantly expressed in 

cotton fibers and is developmentally regulated. The cotton Gh-5 cDNA is 988 bp 

in length and encode 281 amino acid polypeptide with a molecular mass of 31.8 

kDa. The 47 N-terminal amino acids encoded by Gh-5 appear to be a 
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mitochondrial transit peptide. Gh-5 shows high sequence identity with other 

plant GSTs at both the nucleotide and amino acid levels. Gh-5 belongs to the 

class tau in plant GSTs in a newly suggested classification scheme. Cloned 

cotton GST, Gh-5, was successfully expressed in E co//and exhibited strong 

GST activity. 

Overexpression of cotton Gh-5 GST gene resulted in increased GST 

activity in transgenic tobacco plants. Type I and type II Gh-5 transgenic plants 

produced functional GST in the tobacco plants. Type I showed higher GST 

activity than Type II in the transgenic plants. Transgenic seedlings of Type II 

GST grow faster growth rate than Type I non-expressor at low temperature. 

Cotton GST also protected tobacco seedlings from salt at the concentration of 

50and100mMof NaCI. 

We anticipate that further analysis of the role of the cotton GST encoded 

by Gh-5 in transgenic tobacco seedlings, and antisense Gh-5 transgenic cotton 

plants provide important information about the role of GSTs in plant metabolism 

and development. 
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APPENDIX A 

TRANSFORMATION AND TISSUE CULTURE MEDIUM 

MG/L Medium 

To 800 ml of deionized water, add: 
5.00 g Mannitol 
1.00 g L-glutamic acid or 1.15 g Sodium glutamate 
5.00 g Tryptone 
2.50 g Yeast Extract 
0.25 g KH2PO4 
0.10 g NaCI 
0.10 g MgS04 7H20 
Mix well, pH to 7.0 with 1.0 M NaOH. Adjust volume to 1 L. Add 2.00 g Phytagel 
if preparing plates. Autoclave. 

MSA Plates (for inoculation) 

To 800 ml of deionized water, add: 
1 bag of Murashige and Skoog Basal Salt 
30 g sucrose 
1 ml 1000X vitamin B-5 
10 îl lOmg/mlNAA 
200 nl 5 mg/ml BA 
Mix well, pH to 7.0. Adjust volume to 1 L. Add 2.00 g Phytagel. Autoclave. Pour 
into 10X200 tissue culture plates. 

MSB Plates (for shoot and callus formation) 

Same as MSA except for the addition of antibiotics as follows: 
50 ug/ml Kanamycin 
300 ug/ml Cefotaxime 
300 ug/mlCarbeniciliin 

MSC Plates (for shoot and callus formation) 

Same as MSB plates but without hormones, NAA or BA. The concentrations of 
the antibiotics are the same. 
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APPENDIX B 

20X SET (3M NaCI, 0.4M Tris 7.8, 20 mM EDTA) 

To 800 ml of dHzO, add: 

175.35 g NaCI 
48.44 g Tris 

7.44 g EDTA 

pH to 7.8, bring volume to IL. Autoclave. 
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