
Univ
ers

ity
 of

  C
ap

e T
ow

n

 

 

 

 

 

 

 

 

 

The copyright of this thesis vests in the author. No 
quotation from it or information derived from it is to be 
published without full acknowledgement of the source. 
The thesis is to be used for private study or non-
commercial research purposes only. 

 

Published by the University of Cape Town (UCT) in terms 
of the non-exclusive license granted to UCT by the author. 
 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Molecular characterisation of XI'RG6 and XvRFI7. genes 

isolated from the resurrection plant Xeropltyta viscosa 

Mba Mellie Felix 

A thesis submined in fulfilment of the requirements for the degree of Master of 

Science in the Depanment of Molecular and Cell Biology, Faculty of Science, 

University of Cape Town, South Africa 

February 2007 

Molecular characterisation of XI'RG6 and XvRFI7. genes 

isolated from the resurrection plant Xeropltyta viscosa 

Mba Mellie Felix 

A thesis submined in fulfilment of the requirements for the degree of Master of 

Science in the Depanment of Molecular and Cell Biology, Faculty of Science, 

University of Cape Town, South Africa 

February 2007 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Declaration 

I declare that "Molecular characterisation ofXvRG6 andXvRF17, genes isolated from the 

resurrection plant Xerophyta viscosa' is my own work, that it has not been submitted before for 

any degree or examination in any other university, and that all the sources I have used or quoted 

have been indicated and acknowledged as complete references. 

Mba Medie Felix 

19th February 2007 

Declaration 

I declare that 'Molecular characterisation ofXvRG6 andXvRF17, genes isolated from the 

resurrection plant Xerophyta viscosa' is my own work, that it has not been submitted before for 

any degree or examination in any other university. and that an the sources I have used or quoted 

have been indicated and acknowledged as complete references. 

Mba Medie Felix 

19th February 2007 



Univ
ers

ity
 of

  C
ap

e T
ow

n

1 

Contents 

Acknowledgements v 

Lists of figures vi 

Lists of tables vii 

Lists of abbreviations ix 

Abstract xi 

Chapter 1 1 

Literature review 1 

1.1 BACKGROUND 1 

1.1.1 Water-deficit stress 1 

1.1.2 Desiccation-tolerant plants 2 

1.1.3 Molecular studies in resurrection plants. 4 

1.1.4 Plant stress response. 5 

1.2 OBJECTIVES OF THIS STUDY 7 

Chapter 2 8 

Molecular characterisation of XvRG6 and XvF17 from Xerophvta v;scosa 8 

2.1 INTRODUCTION 8 

2.2 MATERIALS AND METHODS 9 

2.2.1 Plant material and growth conditions 9 

2.2.2 Sequence analyses of XvRG6 and XvRF17 9 

2.2.3 Southern blot analyses of XvRG6 and XvRF17 9 

2.3 RESULTS 11 

2.3.1 In s;lico analysis of XvRG6 11 

2.3.2 In silico analysis of XvRF17 14 

2.3.3 Southern blot analysis 16 

1 

Contents 

Acknowledgements v 

Lists of figures vi 

Lists of tables vii 

Lists of abbreviations ix 

Abstract xi 

Chapter 1 1 

Literature review 1 

1.1 BACKGROUND 1 

1.1.1 Water-deficit stress 1 

1.1.2 Desiccation-tolerant plants 2 

1.1.3 Molecular studies in resurrection plants. 4 

1.1.4 Plant stress response. S 

1.2 OBJECTIVES OF THIS STUDY 7 

Chapter 2 8 

Molecular characterisation of XvRG6 and XvF17 from Xerophvta viscosa 8 

2.1 INTRODUCTION 8 

2.2 MATERIALS AND METHODS 9 

2.2.1 Plant material and growth conditions 9 

2.2.2 Sequence analyses of XvRG6 and XvRF17 9 

2.2.3 Southern blot analyses of XvRG6 and XvRF17 9 

2.3 RESULTS 11 

2.3.1 In silico analysis of XvRG6 11 

2.3.2 In silleo analysis of XvRF17 14 

2.3.3 Southern blot analysis 16 



Univ
ers

ity
 of

  C
ap

e T
ow

n

11 

2.3.3.1 Southern blot analysis of XvRG6 

2.3.3.2 Southern blot analysis of XvRF17 

2.4 DISCUSSION 

2.5 CONCLUSION 

Chapter 3 

Real-time PCR analyses of XvRG6 and XvF17 

3.1 INTRODUCTION 

3.2 MATERIALS AND METHODS 

3.2.1 Abiotic treatment of plants 

3.2.1.1 Dehydration 

3.2.1.2 Abscisic acid, jasmonic acid and salicylic acid treatments 

3.2.1.3 Ethylene treatment 

3.3 RNA ISOLATION AND PURIFICATION 

3.3.1 RNA isolation 

3.3.2 DNase I treatment and RNA purification 

3.3.3 Synthesis of cDNA 

3.3.4 Specificity of real-time primers 

3.3.5 Real-time PCR for gene expression quantification 

3.3.6 Statistical analysis 

3.4 RESULTS 

3.4.1 RNA extraction 

3.4.2 Primer amplification and optimisation of the primer sets 

3.4.3 Real-time PCR for gene expression quantification 

3.4.4 Gene expression during dehydration treatment 

3.4.5 Gene expression during ABA treatment 

3.4.6 Gene expression during SA treatment 

17 

18 

19 

22 

23 

23 

23 

24 

24 

24 

24 

25 

25 

25 

25 

26 

26 

27 

27 

28 

28 

29 

31 

32 

33 

34 

11 

2.3.3.1 Southern blot analysis of XvRG6 

2.3.3.2 Southern blot analysis of XvRF17 

2.4 DISCUSSION 

2.5 CONCLUSION 

Chapter 3 

Real-time PCR analyses of XvRG6 and XvF17 

3.1 INTRODUCTION 

3.2 MATERIALS AND METHODS 

3.2.1 Abiotic treatment of plants 

3.2.1.1 Dehydration 

3.2.1.2 Abscisic acid, jasmonic acid and salicylic acid treatments 

3.2.1.3 Ethylene treatment 

3.3 RNA ISOLATION AND PURIFICATION 

3.3.1 RNA isolation 

3.3.2 DNase I treatment and RNA purification 

3.3.3 Synthesis of cDNA 

3.3.4 Specificity of real-time primers 

3.3.5 Real-time PCR for gene expression quantification 

3.3.6 Statistical analysis 

3.4 RESULTS 

3.4.1 RNA extraction 

3.4.2 Primer amplification and optimisation of the primer sets 

3.4.3 Real-time PCR for gene expression quantification 

3.4.4 Gene expression during dehydration treatment 

3.4.5 Gene expression during ABA treatment 

3.4.6 Gene expression during SA treatment 

17 

18 

19 

22 

23 

23 

23 

24 

24 

24 

24 

25 

25 

25 

25 

26 

26 

27 

27 

28 

28 

29 

31 

32 

33 

34 



Univ
ers

ity
 of

  C
ap

e T
ow

n

iii 

3.4.7 Gene expression during JA treatment 35 

3.4.8 Gene expression during ethylene treatment 36 

3.5 DISCUSSION 37 

3.6 CONCLUSION 40 

Chapter 4 41 

Protein expression ofXvRG6 and XvRF17 41 

4.1 INTRODUCTION 41 

4.2 MATERIALS AND METHODS 42 

4.2.1 Total RNA and soluble protein isolation 42 

4.2.2 TOPO expression ofXvRG6 and XvRF17 42 

4.2.2.1 Cloning of XvRG6 and XvRF17 into pCR-T7-TOPO 42 

4.2.2.2 Protein expression ofXvRG6 and XvF17 43 

4.2.2.3 Protein purification 45 

4.2.3 Antibody generation, western blotting and immuno-detection 46 

4.2.3.1 Antibody generation 46 

4.2.3.2 Antibody purification 46 

4.2.3.3 Western blotting 46 

4.2.3.4 Protein analysis by 2D gel electrophoresis 47 

4.2.3.5 Chromogenic detection 48 

4.3 RESULTS 49 

4.3.1 Cloning ofXvRG6 and XvRF17 into pCR-T7-TOPO 49 

4.3.2 TOPO expression ofXvRG6 and XvRF17 SO 

4.3.3 Purification ofXvRG6 fusion protein and immuno-blot analysis 51 

4.3.4 Western blot analysis 52 

4.3.5 Two dimensional gel electrophoresis analysis of XvRG6 53 

4.4 DISCUSSION 55 

iii 

3.4.7 Gene expression during JA treatment 35 

3.4.8 Gene expression during ethylene treatment 36 

3.5 DISCUSSION 37 

3.6 CONCLUSION 40 

Chapter 4 41 

Protein expression ofXvRG6 and XvRF17 41 

4.1 INTRODUCTION 41 

4.2 MATERIALS AND METHODS 42 

4.2.1 Total RNA and soluble protein isolation 42 

4.2.2 TOPO expression ofXvRG6 and XvRF17 42 

4.2.2.1 Cloning ofXvRG6 andXvRF17into pCR-T7-TOPO 42 

4.2.2.2 Protein expression ofXvRG6 and XvF17 43 

4.2.2.3 Protein purification 45 

4.2.3 Antibody generation, western blotting and immuno-detection 46 

4.2.3.1 Antibody generation 46 

4.2.3.2 Antibody purification 46 

4.2.3.3 Western blotting 46 

4.2.3.4 Protein analysis by 2D gel electrophoresis 47 

4.2.3.5 Chromogenic detection 48 

4.3 RESULTS 49 

4.3.1 Cloning ofXvRG6 and XvRF17 into pCR-T7-TOPO 49 

4.3.2 TOPO expression ofXvRG6 and XvRF17 SO 

4.3.3 Purification ofXvRG6 fusion protein and immuno-blot analysis 51 

4.3.4 Western blot analysis 52 

4.3.5 Two dimensional gel electrophoresis analysis of XvRG6 53 

4.4 DISCUSSION 55 



Univ
ers

ity
 of

  C
ap

e T
ow

n

4.5 CONCLUSION 

Chapter 5 

General discussion 

References 

Appendices 

IV 

56 

57 

57 

59 

72 

4.5 CONCLUSION 

Chapter 5 

General discussion 

References 

Appendices 

IV 

56 

57 

57 

59 

72 



Univ
ers

ity
 of

  C
ap

e T
ow

n

v 

Acknowledgements 

I would like to thank my supervisors, Dr. Suhail Rafudeen and my co-supervisor Prof. Jill 

Farrant, not only for their invaluable advice and guidance but also for the support and 

encouragement during the course of my studies. 

I would also like to thank Dr. Monique Morse for her gentle motivation and of having to 

read frightful first drafts. 

Special thanks to Dr. Revel Iyer for his enthusiasm to read first drafts and for laboriously 

proof-reading final ones. 

I am indebted to Dr Kershini Govender, Dr Bienyameen Baker and Alice Maredza for their 

help and patience in teaching me the English language and for their moral support when things 

were not going well. 

I am very grateful to Kamal, Pule, Betty, Ali, Richard, Thokozile and Wesley for their 

friendship. To Marion for always making sure competent cells were available. 

Thank to Di James for help with DNA sequencing and to Pei-Yin for the synthesis of all 

oligos. 

My thanks also to Prof. Jennifer Thomson for her encouragement and support. 

I acknowledge the financial support provided by my supervisor through VeT Research 

development grant and supplementary funding by the NRF. 

v 

Acknowledgements 

I would like to thank my supervisors, Dr. Suhail Rafudeen and my co-supervisor Prof. Jill 

Farrant, not only for their invaluable advice and guidance but also for the support and 

encouragement during the course of my studies. 

I would also like to thank Dr. Monique Morse for her gentle motivation and of having to 

read frightful first drafts. 

Special thanks to Dr. Revel Iyer for his enthusiasm to read first drafts and for laboriously 

proof-reading final ones. 

I am indebted to Dr Kershini Govender, Dr Bienyameen Baker and Alice Maredza for their 

help and patience in teaching me the English language and for their moral support when things 

were not going wen. 

I am very grateful to Kamal, Pule, Betty, Ali, Richard, Thokozile and Wesley for their 

friendship. To Marion for always making sure competent cells were available. 

Thank to Di James for help with DNA sequencing and to Pei-Yin for the synthesis of all 

oligos. 

My thanks also to Prof. Jennifer Thomson for her encouragement and support. 

I acknowledge the financial support provided by my supervisor through VeT Research 

development grant and supplementary funding by the NRF. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

vi 

List of figures 

Figure 1.1 The resurrection plant X viscosa in its fully hydrated (A) and dehydrated state (B) 3 

Figure 1.2 Function of water-stress-inducible gene products in stress tolerance and stress 

response 6 

Figure 2.1 Nucleotide and deduced amino acid sequence ofXvRG6 11 

Figure 2.2 A hydropathy plot ofXvRG6 as determined by Kyte & Doolittle (1982) 12 

Figure 2.3 In silico based prediction of phosphorylation potential (A) and o-glycosylation 

potential (B) ofXvRG6 13 

Figure 2.4 Nucleotide and deduced amino acid sequence ofXvRF17 14 

Figure 2.5 A hydropathy plot ofXvRF17 as determined by Kyte & Doolittle (1982) 15 

Figure 2.6 In silico based prediction of phosphorylation potential (A) and 0- glycosylation 

potential (B) ofXvRF17 16 

Figure 2.7 Southern blot hybridization of genomic DNA isolated from X viscosa 17 

Figure 2.8 Southern blot hybridization of genomic DNA isolated from X viscosa 18 

Figure 3.1 Gel electrophoresis of total RNA extracted from X viscosa, treated leaves 

Samples 28 

Figure 3.2 Melting curve analysis of XvRG6 and XvRF 17 29 

Figure 3.3 Gel electrophoresis ofXvRG6 and XvRF17 following PCR amplification to 

determine whether non-specific amplification occurred 

Figure 3.4 Standard curve showing amplification of plasmid with PCR efficiency 

Figure 3.5 Relative expression levels of XvRG6 and XvRF 17 X viscosa genes measured 

30 

31 

in leaves during dehydration treatment 32 

Figure 3.6 Relative expression levels ofXvRG6 andXvRF17 X viscosa genes measured 

in leaves treated with 1 00 ~M ABA 33 

Figure 3.7 Relative expression levels of XvRG6 and XvRF 17 X viscosa genes measured in leaves 

treated with 1 00 ~ SA 34 

Figure 3.8 Relative expression levels of XvRG6 and XvRF 17 X viscosa genes measured in leaves 

treated with 1 00 ~ JA 35 

Figure 3.9 Relative expression levels ofXvRG6 andXvRF17 X viscosa genes measured in leaves 

treated with ethylene 36 

vi 

List of figures 

Figure 1.1 The resurrection plant X viscosa in its fully hydrated (A) and dehydrated state (B) 3 

Figure 1.2 Function of water-stress-inducible gene products in stress tolerance and stress 

response 6 

Figure 2.1 Nucleotide and deduced amino acid sequence ofXvRG6 11 

Figure 2.2 A hydropathy plot ofXvRG6 as determined by Kyte & Doolittle (1982) 12 

Figure 2.3 In silico based prediction of phosphorylation potential (A) and o-glycosylation 

potential (B) ofXvRG6 13 

Figure 2.4 Nucleotide and deduced amino acid sequence ofXvRF17 14 

Figure 2.5 A hydropathy plot of X vRF17 as determined by Kyte & Doolittle (1982) 15 

Figure 2.6 In silico based prediction of phosphorylation potential (A) and 0- glycosylation 

potential (B) ofXvRF17 16 

Figure 2.7 Southern blot hybridization of genomic DNA isolated from X viscosa 17 

Figure 2.8 Southern blot hybridization of genomic DNA isolated from X viscosa 18 

Figure 3.1 Gel electrophoresis of total RNA extracted from X viscosa, treated leaves 

Samples 28 

Figure 3.2 Melting curve analysis of XvRG6 and XvRF 17 29 

Figure 3.3 Gel electrophoresis ofXvRG6 and XvRF17 following PCR amplification to 

determine whether non-specific amplification occurred 

Figure 3.4 Standard curve showing amplification of plasmid with PCR efficiency 

Figure 3.5 Relative expression levels of XvRG6 and XvRF 17 X viscosa genes measured 

30 

31 

in leaves during dehydration treatment 32 

Figure 3.6 Relative expression levels ofXvRG6 andXvRF17 X viscosa genes measured 

in leaves treated with 100 ~M ABA 33 

Figure 3.7 Relative expression levels of XvRG6 and XvRF 17 X viscosa genes measured in leaves 

treated with 1 00 ~ SA 34 

Figure 3.8 Relative expression levels ofXvRG6 andXvRF17 X viscosa genes measured in leaves 

treated with 100 ~ JA 35 

Figure 3.9 Relative expression levels ofXvRG6 andXvRF17 X viscosa genes measured in leaves 

treated with ethylene 36 



Univ
ers

ity
 of

  C
ap

e T
ow

n

vii 

Figure 4.1 Products of the colony PCR screening for pCR-T7-TOPO containing the XvRG6 and 

XvRF170RF 49 

Figure 4.2A SDS-PAGE stained with silver showing overexpression ofXvRG6 50 

Figure 4.2B SDS-PAGE stained with Coomassie showing overexpression ofXvRF17 50 

Figure 4.3A SDS-PAGE stained with silver showing the purity ofXvRG6 recombinant 

Protein 51 

Figure 4.3B Western blot analysis of the purified samples using X vRG6 antibodies 51 

Figure 4.4 Analysis of total protein extracts from dehydrated X viscosa leaves 52 

Figure 4.5 Two dimensional gel electrophoresis of total protein extracts from dehydrated X 

viscosa leaves 53 

Figure 4.6 Analysis of total protein extracts from X viscosa leaves treated with ABA 54 

vii 

Figure 4.1 Products of the colony PCR screening for pCR-T7-TOPO containing the XvRG6 and 

XvRF170RF 49 

Figure 4.2A SDS-PAGE stained with silver showing overexpression ofXvRG6 50 

Figure 4.2B SDS-PAGE stained with Coomassie showing overexpression ofXvRF17 50 

Figure 4.3A SDS-PAGE stained with silver showing the purity ofXvRG6 recombinant 

Protein 51 

Figure 4.3B Western blot analysis of the purified samples using X vRG6 antibodies 51 

Figure 4.4 Analysis of total protein extracts from dehydrated X viscosa leaves 52 

Figure 4.5 Two dimensional gel electrophoresis of total protein extracts from dehydrated X 

viscosa leaves 53 

Figure 4.6 Analysis of total protein extracts from X viscosa leaves treated with ABA 54 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Vlll 

List of tables 

Table 2.1 Classification and feature ofPRPs, HyPRPs, others PRPs and XvRG6 20 

Table 4.1 Ligation reaction of TOPO vector to purified PCR products 43 

Table Al PCR reagents and final concentrations used in a standard PCR protocol 72 

Table Bl List of primers used for cloning and sequencing 76 

Table B2 List of primers used for real-Time PCR 76 

Vlll 

List of tables 

Table 2.1 Classification and feature ofPRPs, HyPRPs, others PRPs and XvRG6 20 

Table 4.1 Ligation reaction of TOPO vector to purified PCR products 43 

Table Al PCR reagents and final concentrations used in a standard PCR protocol 72 

Table Bl List of primers used for cloning and sequencing 76 

Table B2 List of primers used for real-Time PCR 76 



Univ
ers

ity
 of

  C
ap

e T
ow

n

IX 

List of abbreviations 

ABA abscisic acid 

ABF ABA-responsive element binding factors 

ABRE ABA-responsive element 

AGP arabinogalactan protein 

bp base pair( s) 

cDNA copy DNA 

Cys cysteine 

DEPC diethylpyrocarbonate 

DNA deoxyribonucleic acid 

DNAse deoxyribonuclease 

DRE drought responsive element 

EDTA ethylenediaminetetra-acetic acid 

ETR ethylene receptors 

g grams 

h hour 

IPTG isopropyl-p-D-thiogalactopyranoside 

JA jasmonic acid 

np jasmonate-induced proteins 

kb kilobase(s) 

kDa kilodalton( s) 

LEA late embryogenis abundant 

MTs meta1lothionein 

A lambda 

I litre(s) 

LB Luria-Bertani 

M molar concentration 

~g microgram( s) 

IX 

List of abbreviations 

ABA abscisic acid 

ABF ABA-responsive element binding factors 

ABRE ABA-responsive element 

AGP arabinogalactan protein 

bp base pair( s) 

cDNA copy DNA 

Cys cysteine 

DEPC diethylpyrocarbonate 

DNA deoxyribonucleic acid 

DNAse deoxyribonuclease 

DRE drought responsive element 

EDTA ethylenediaminetetra-acetic acid 

ETR ethylene receptors 

g grams 

h hour 

IPTG isopropyl-p-D-thiogalactopyranoside 

JA jasmonic acid 

JIP jasmonate-induced proteins 

kb kilobase(s) 

kDa kilodalton( s) 

LEA late embryogenis abundant 

MTs metallothionein 

A lambda 

1 litre(s) 

LB Luria-Bertani 

M molar concentration 

Ilg microgram( s) 



Univ
ers

ity
 of

  C
ap

e T
ow

n

mg 

~l 

ml 

~m 

mM 

min 

mRNA 

Ni-NTA 

nm 

ORF 

PBS 

PCR 

PEG 

PMSF 

PRPs 

RNA 

RNAse 

ROS 

RWC 

SA 

sdH20 

SDS 

SDS-PAGE 

TBE 

TE 

TEMED 

Tris 

U 

UTR 

w/v 

x 

milligram( s) 

microlitre(s) 

millilitre( s ) 

micrometer( s) 

millimolar 

minutes 

messenger RNA 

nickel-nitrilotriacetic acid 

nanometre( s) 

open reading frame 

phosphate-buffered saline 

polymerase chain reaction 

polyethylene glycol 

phenylmethylsufonyl fluoride 

proline-rich protein 

ribonucleic acid 

ribonuclease 

reactive oxygen species 

relative water content 

salicylic acid 

sterile distilled water 

sodium dodecyl sulphate 

SDS polyacrylamide gel electrophoresis 

tris borate EDT A 

tris-EDTA 

N,N,N',N' - tetramethylethylene diamine 

tris(hydroxymethyl)aminomethane 

unites) of enzymatic activity 

untranslated region 

weight per volume 

mg 

IJ.I 

ml 

IJ.m 

mM 

min 

mRNA 

Ni-NTA 

nm 

ORF 

PBS 

PCR 

PEG 

PMSF 

PRPs 

RNA 

RNAse 

ROS 

RWC 

SA 

sdH20 

SDS 

SDS-PAGE 

TBE 

TE 

TEMED 

Tris 

U 

UTR 

w/v 

x 

milligram( s) 

microlitre(s) 

millilitre( s ) 

micrometer( s) 

millimolar 

minutes 

messenger RNA 

nickel-nitrilotriacetic acid 

nanometre( s) 

open reading frame 

phosphate-buffered saline 

polymerase chain reaction 

polyethylene glycol 

phenylmethylsufonyl fluoride 

proline-rich protein 

ribonucleic acid 

ribonuclease 

reactive oxygen species 

relative water content 

salicylic acid 

sterile distilled water 

sodium dodecyl sulphate 

SDS polyacrylamide gel electrophoresis 

tris borate EDT A 

tris-EDTA 

N,N,N',N' - tetramethylethylene diamine 

tris(hydroxymethyl)aminomethane 

unites) of enzymatic activity 

untranslated region 

weight per volume 



Univ
ers

ity
 of

  C
ap

e T
ow

n

Xl 

Abstract 

A number of genes up-regulated in response to abiotic stress have been isolated from X viscosa 

by various methods, one of which includes differential screening of eDNA libraries. Of these 

genes, a large number are undescribed, with no identity to known plant genes. Two such genes, 

XvRG6 and XvRF 17, isolated from a X viscosa eDNA library have been partially characterised. 

Southern blot analysis confirmed the presence of both XvRG6 and XvRF17 genes in the X 

viscosa genome. In silico analyses predicted XvRG6 to be a proline-rich protein, since it 

possesses many of the features common to PRP such as a signal peptide, proline repeats, a 

cysteine residue and possible phosphorylation sites. It also possesses a tyrosine residue present in 

some of the repeats, and this residue is believed to play a role in protecting the plant against 

environmental stresses. The XvRF17 protein was predicted by in silico analyses to belong to the 

family of metallothioneins, a family of metal-binding proteins. Analysis of the XvRG6 mRNA 

transcript showed that the gene was not dehydration stress inducible, but was induced by 

ethylene, endogenous ABA, SA and JA application. In contrast, the XvRF 17 mRNA transcript 

was shown by RT -peR to be induced by dehydration stress, endogenous ABA, SA and JA 

application but not by ethylene treatment. Interestingly, western blot analyses revealed that 

XvRG6 protein levels increased only during dehydration and not during any other imposed stress. 

This study has shown that both XvRG6 and XvRF17 are responsive to stress. Since there are no 

known orthologues of these genes, their respective roles inX viscosa remains speculative. 
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Chapter 1 

Literature review 

1.1 BACKGROUND 

Over 35% of the world's land surface is considered to be arid or semi-arid, experiencing 

precipitation that is inadequate for most horticultural uses. Water deficit has a major impact on 

the area of land available for cultivation and is one of the most commonly experienced 

environmental stress in southern Africa. In America, soil water deficits are estimated to depress 

agricultural crop yields by about 70% compared with maximum achievable yields and similar 

problems are encountered worldwide (Neumann, 1995). 

1.1.1 Water-deficit stress 

Plants have several strategies to deal with water deficit, desiccation tolerance is but one of 

these. Desiccation tolerance is the ability of an organism to survive the loss of most (>95%) of its 

cellular water (Illing et al., 2005). Desiccation tolerance is a rare phenomenon in the vegetative 

tissues of angiosperm, but is common, although not ubiquitous to reproductive structures (pollen 

and seeds). Desiccation tolerance is found among mosses and pteridophytes, occurs in certain 

animals such as nematodes and the encysted embryos of brine shrimps, as well as in lichens 

terrestrial micro-algae and micro-organisms. 

Land plants suffer from dehydration or water stress not only under drought and high salt

concentration conditions but also under low temperature conditions (Shinozaki and Yamaguchi

Shinozaki, 1997). They respond to water stress by using various biochemical and physiological 

adaptations. Physiological adaptations take many forms ranging from partial senescence of 

tissues, to structural adaptations such as water storage organs and restrictions in the surface area 

of aerial tissues as seen in Cactaceae and Euphorbiaceae (Scott, 2000). All of these forms are 

effective and allow plants to inhabit a wide range of arid environments, but when subjected to 

prolonged lack of water these plants will dehydrate and die (Scott, 2000). 

Virtually all plant species, at some point in their life cycle are partially tolerant to 

desiccation, for example, seeds and pollen frequently lose large quantities of water during their 
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adaptations. Physiological adaptations take many forms ranging from partial senescence of 

tissues, to structural adaptations such as water storage organs and restrictions in the surface area 

of aerial tissues as seen in Cactaceae and Euphorbiaceae (Scott, 2000). All of these forms are 

effective and allow plants to inhabit a wide range of arid environments, but when subjected to 

prolonged lack of water these plants win dehydrate and die (Scott, 2000). 

Virtually aU plant species, at some point in their life cycle are partially tolerant to 

desiccation, for example, seeds and pollen frequently lose large quantities of water during their 
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maturation process (Bewley, 1979; Scott, 2000). But the ability of mature tissue, such as roots 

and leaves to survive virtually complete desiccation is very rare. 

1.1.2 Desiccation-tolerant plants 

Plants survive under various kinds of environmental stresses in nature. Consequently, they 

have developed numerous sophisticated adaptations, some of which are unique in the biological 

world (Boyer, 1982). Most flowering plants cannot survive exposure to a water deficit equivalent 

to less than 85 to 98% (v/v) to relative humidity during their vegetative growth period. Only a 

few plants possess desiccation tolerant vegetative tissues, these include a small group of 

angiosperms termed resurrection plants (Gaff, 1971). Resurrection plants are unique among 

angiosperms in their ability to survive protoplasmic desiccation to less than 2% relative water 

content (RWC) (Bartels et al., 1990). Resurrection plants survive the loss of their tissue water 

content until a quiescent stage is achieved, but upon watering the plants rapidly revive and are 

restored to their former state (Scott, 2000). This resurrection capacity is not restricted to the main 

meristems of these plants. Fully mature leaves can lose up to 95% of their water content and then, 

upon watering, the leaves are rehydrated and are fully photosynthetically active within 24 h 

(Bernacchia et al., 1996). Desiccation in resurrection plants prevents growth and reproduction 

over the dehydrated period (Scott, 2000). Resurrection plants are found in ecological niches with 

limited seasonal water availability, usually on rocky outcrops at low to moderate elevation in 

tropical and subtropical zones (porembski and Barthlott, 2000). Tissue damage appears to be 

minimal to non-existent and the plant is preserved until water becomes available. 

Resurrection plant species are represented inmost taxonomic groups, ranging from 

pteridophytes to dicotyledonous (Hartung et al., 1998). These include terrestrial species such as 

the monocotyledonous X. viscosa, the dicotyledonous shrub Myrothamnus fabellifolia, and the 

aquatic species Chamaegigas intrepidus. The terrestrial species are often found on rocky outcrops 

in shallow sandy soil (Sherwin and Farrant, 1995). It has been estimated that around 300 species 

of resurrection plants may exist, mainly in southern Africa, Australia, India, and South America 

(Bartels and Salamini, 2001). The physiological basis of desiccation tolerance in resurrection 

plants is complex in that some mechanisms may vary between different species (Farrant, 2000). 

Resurrection plants may be subdivided into species whose dry leaves contain chlorophyll 

(homoiochlorophylous) such as C. plantagineum and those which do not (poikilochlorophyllous) 
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such as X v;scosa (Hallam and Gal1; 1978; Alamillo and ilartcl s, 2001; Phillips et aI., 2002). In 

X viscosa, the loss of chlorophyll in the leaves is accompanied by the accumubtion of 

anthocyanin (Sherwin and Farrant, 1998; Fig. 1.1). 

Fib'llre 1.1 The resurrection plant X \';scosa in its fully hydrated (A) and dehydrated state (B). 

Desiccation tolerance depends on the ability of the cells to maintain integrity of the cell 

membranes and prevent denatllfation of proteins (Phillips et a1., 2002). In resurrection plants 

desiccation tolerance is both rnole<:u1arly and physiological1y complex. This is due to the multiple 

stresses that are imposed on plant tissues during severe dehydration. The establishment of 

tolerance must overcome problems such as minimisation of mechanical damage associated wilh 

turgor loss, maintenance of the funcliOilal integrity of macromole<:ules and organelles, 

minimisation of toxin accumulation and free-radical damage, and initiation of repair mechanisms 

upon rehydration (Phillips et ai" 2(02), 

Mundree and Farrant (2000) have shown that in response to dehydration, instead of losing 

water and shrinking, the central vacuole of X viscosa subdivides into a number of smaller 

\'llcuolar structures, It has been hypothesised that these S\Tllctures become filled with compatible 

solutes such as ions, small proteins and sugars, Rccause of their unique ability [0 "ithstand 

desiccation, resurrection plants are valuable in our study on the mechrnrisms involved in 

achieving desiccation tolerance in plants, 

Desiccation tolerance has been investigated using three mam approaches in plants: (i) 

e:wmining tolerant systems, such as seeds and resurrection plants; (ii) analyzing plant mutants 
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from genetic model species; and (iii), analyzing the effects of stress on agriculturally relevant 

plants (Ingram and Bartels, 1996). Resurrection plants provide excellent models to study water 

deficit tolerance at the physiological, genetic and biochemical levels. There are therefore being 

analysed to further our understanding of plant responses to water deficit. In addition,these plants 

are a potential source of genes to enhance stress tolerance. The underlying mechanisms together 

with the genes involved in desiccation tolerance can be exploited to improve the drought 

tolerance of drought sensitive crops. 

Another critical approach in researching dehydration tolerance has been to analyze the 

plant response after drought stress of important agricultural species. This type of study is useful 

because through intensive breeding or in vitro selection, lines are available with differing degrees 

of tolerance and thus correlated evidence can be sought for genes putatively involved in the 

drought response (Ingram and Bartels, 1996). A particular advantage of these plants in studies at 

the molecular level is that desiccation tolerance can be investigated in both whole plants and 

undifferentiated calli (Ingram and Bartels, 1996). 

However with respect to Xerophyta species, very few genes have been characterised and 

the genomes of the respective species have not been sequenced. Furthermore plants such as 

Arabidopsis and Oryza, which have been sequenced and whose genes have been extensively 

studied are not vegetatively desiccation tolerance. 

1.1.3 Molecular studies in resurrection plants. 

Tightly regulated programs of gene expression, both at the spatial and temporal levels 

occur in vegetative tissues during drying (Phillips et al., 2002). The basic pattern of changes in 

gene expression that occur in response to dehydration can be summarised for Craterostigma 

plantagineum as follows: (a) transcripts accumulate to high levels during dehydration and 

disappear early during rehydration; (b) transcripts accumulate transiently during the initial 

dehydration phase; (c) transcripts decline during dehydration; and (d) transcripts remain 

unchanged in response to dehydration (Bartels et al., 1990). This means that in C. plantagineum 

the majority of changes in gene expression occur during dehydration, and not during the 

rehydration phase of the resurrection process, which in tum leads to a very efficient protection 

system against desiccation (phillips et al., 2002). This is in contrast to what is observed for 
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Tortula. ruralis and indicates that differing mechanisms of desiccation tolerance probably exist in 

vascular higher plants versus bryophytes (phillips et al., 2002). 

Collet et al. (2004) using small-scale microarray and reverse northern blot experiments on 

424 cDNA from X humilis identified 55 genes that were up-regulated and 79 genes that were 

down-regulated during dehydration. Among the 79 genes that were down-regulated 25% were 

involved in photosynthesis and metabolism. Ingle et al. (2007) used 2D SDS-PAGE to 

investigate the protein expression patterns of X viscosa in response to dehydration. The 

proteomic analyses revealed that a RNA-binding protein, chloroplast FtsH protease, glycolytic 

enzymes and antioxidant proteins were increased significantly during drying while 

photosynthetic proteins decreased at RWC below 65%. 

A number of interesting genes isolated from X viscosa have also been identified as up

regulated in response to various stresses. A few of these include XvPer 1 which is a stress

inducible antioxidant enzyme (Mowla et al., 2002); the XvCaM gene, which was isolated from 

dehydration stressed X viscosa leaves and which codes for a classic calmodulin with 4 EF-hands 

(Conrad, 2005); the XvSAPI protein, which is highly hydrophobic and is postulated to playa 

signalling role during abiotic stress (Garwe et al., 2003); the Xvlnol gene, which encodes a myo

inositol-I-phosphate synthase, which catalyses the conversion of glucose-6-phosphate to myo

inositol-I-phosphate (Chopera, 2006). These genes could potentially improve the drought 

tolerance of agriculturally important plants such as maize and wheat. Several other stress

inducible genes from X viscosa have been characterised and their ability to improve abiotic stress 

tolerance in model plants is under investigation (Mundree et al, 2006). 

1.1.4 Plant stress response. 

The plant stress response is not well understood, as complex regulatory and signalling 

cascades dictate the expression of stress response genes (Bray, 1993). Not enough is known about 

the means by which plants detect drought or the functioning and identity of the various response 

mechanisms that are activated (Scott, 2000). Activation of these pathways results in the 

expression of genes believed to function in stress tolerance and those that regulate the signal 

transduction pathways involved in the stress response (Shinozaki and Yamaguchi-Shinozaki, 

1997; Fig. 1.2). 

5 

Tortula. ruralis and indicates that differing mechanisms of desiccation tolerance probably exist in 

vascular higher plants versus bryophytes (phillips et al., 2002). 

Collet et al. (2004) using small-scale microarray and reverse northern blot experiments on 

424 cDNA from X humilis identified 55 genes that were up-regulated and 79 genes that were 

down-regulated during dehydration. Among the 79 genes that were down-regulated 25% were 

involved in photosynthesis and metabolism. Ingle et al. (2007) used 2D SDS-PAGE to 

investigate the protein expression patterns of X viscosa in response to dehydration. The 

proteomic analyses revealed that a RNA-binding protein, chloroplast FtsH protease, glycolytic 

enzymes and antioxidant proteins were increased significantly during drying while 

photosynthetic proteins decreased at RWC below 65%. 

A number of interesting genes isolated from X viscosa have also been identified as up

regulated in response to various stresses. A few of these include XvPer 1 which is a stress

inducible antioxidant enzyme (Mowla et al., 2002); the XvCaM gene, which was isolated from 

dehydration stressed X viscosa leaves and which codes for a classic calmodulin with 4 EF-hands 

(Conrad, 2005); the XvSAPl protein, which is highly hydrophobic and is postulated to playa 

signalling role during abiotic stress (Garwe et al., 2003); the XvIno} gene, which encodes a myo

inositol-I-phosphate synthase, which catalyses the conversion of glucose-6-phosphate to myo

inositol-I-phosphate (Chopera, 2006). These genes could potentially improve the drought 

tolerance of agriculturally important plants such as maize and wheat. Several other stress

inducible genes from X viscosa have been characterised and their ability to improve abiotic stress 

tolerance in model plants is under investigation (Mundree et al, 2006). 

1.1.4 Plant stress response. 

The plant stress response is not well understood, as complex regulatory and signalling 

cascades dictate the expression of stress response genes (Bray, 1993). Not enough is known about 

the means by which plants detect drought or the functioning and identity of the various response 

mechanisms that are activated (Scott, 2000). Activation of these pathways results in the 

expression of genes believed to function in stress tolerance and those that regulate the signal 

transduction pathways involved in the stress response (Shinozaki and Yamaguchi-Shinozaki, 

1997; Fig. 1.2). 



Univ
ers

ity
 of

  C
ap

e T
ow

n

6 

WATER STRESS 

1 
SIGNAL PERCEPTION 

~ ~ 
SIGNAL TRANSDUCTION 

~ ~ 
GENE EXPRESSION 

* + ! ! GENE PRODUCTS 

FUNCTIONAL 
PROTEINS 

Water channel protein. 

Key enzym.s for osmolyta 
bloaynth .... 
(proline. bet.lne, sug.rs) 

Chaperon •• 

LEA proteins 

Prot.lna_s 

Detoxicating .nzymes 

REGULATORY 
PROTEINS 

Transcription factor. 
MYB. MYC. bZIP 

Protein kln_ 
MAPK. MAPKKK. 
S8K. CDPK. SNF1 

Phospholipase C 

14-3-3 protein 

STRESS TOLERANCE. STRESS RESPONSE 

Figure 1.2 Function of water stress-inducible gene products in stress tolerance and stress 
response. The gene products are classified into two groups: (i) functional proteins that are 
involved in water-stress tolerance and cellular adaptation; and (ii) regulatory proteins that may 
function in gene expression and signal transduction in stress response (adapted from Shinozaki 
and Yamaguchi-Shinozaki 1997). 

The above scheme applies to desiccation sensitive plants in response to water-deficit, while a 

similar general response will happen to desiccation tolerance plants, the nature of the genes and 

protection responses will differ. One specific mechanism does not confer tolerance on its own, 

but the interplay of several mechanisms simultaneously is required. This requires an integrated 

response at the whole plant level as well as a cellular response. To understand the mechanisms by 

which a plant may survive desiccation, it is necessary to know how plant cells sense the loss of 

water and how the gene products function in stress tolerance (Shinozaki and Yamaguchi

Shinozaki, 1996). 
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1.2 OBJECTIVES OF THIS STUDY 

Differential screening of cDNA libraries, screening of expression libraries and 

complementation by functional sufficiency has been used to isolate a number of X viscosa genes 

up-regulated in response to various stresses such as cold and dehydration. A large number of X 

viscosa genes detected in response to various stresses are undescribed with no homology to 

known plant genes. These includeXvRG6 andXvRF17 isolated from aX viscosa cDNA library. 

The aim of this research project is the molecular characterisation of XvRG6 and XvRF17. 

This involves: (a) sequence analysis and bioinformatic studies to predict the probable functional 

properties of the genes and their corresponding proteins using computer software and internet 

databases; (b) Southern blot analysis to estimate the copy number of the genes in the X viscosa 

genome; (c) real time peR to determine the transcript level of the genes in response to abiotic 

stresses such as dehydration, ABA, SA, JA and ethylene; and (d) western blot and two 

dimensional gel electrophoresis analyses to determine the protein expression patterns of the 

genes. 
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Chapter 2 

Molecular characterisation of XvRG6 and XvF17 from Xerophvta viscosa 

2.1 INTRODUCTION 

The XvRG6 and XvRF17 genes were isolated from a cDNA library synthesised from X 

viscosa leaf material exposed to a 4°C low temperature stress (Mundree et al., 2006). This 

chapter describes the characterisation of XvRG6 and XvRF17 based on the gene sequence, 

including the determination of the XvRG6 and XvRF 17 gene copy number in X viscosa genome. 
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2.2 MATERIALS AND METHODS 

2.2.1 Plant material and growth conditions 

The X viscosa plants were collected from Cathedral Peak Nature Reserve in the Drakensberg 

Mountains (Kwazulu-Natal, South Africa). The plants were grown under green-house conditions as 

described by Sherwin and Farrant (1996). Prior to imposing stress treatments, plants were allowed to 

acclimate in a controlled environment chamber [16 h light (ISO J.Ul1ol.m-2.s-I
); 2SoC; 8 h dark] for 1 

month. Stress treatments as described in the subsequent chapters were applied under these 

environmental conditions. 

2.2.2 Sequence analyses of XvRG6 and XvRF17 

The pDNR-LIB-XvRG6 and pDNR-LIB-XvRFI7 plasmids were isolated from E. coli 

DHSa cells using the High Pure Plasmid Isolation Kit (Roche, Germany) according to the 

manufacturer's instruction. Each plasmid construct was sequenced using the M13 forward and 

reverse primers (Appendix B). The nucleotide sequence of each of the genes was determined on 

both forward and reverse strands. Multiple sequence alignment was performed using DNAMAN 

software (version S.2.10). The BLAST program of the National Centre for Biotechnology 

Information (Altschul et al., 1990) was used to search the GenBank database for sequence 

similarities. Software analyses of both XvRG6 and XvRF17 included hydrophobicity prediction 

(using Expasy: www.expasy.org), pI prediction, total protein charge prediction and the potential 

phosphorylation site prediction. 

2.2.3 Southern blot analyses of XvRG6 and XvRF17 

The Southern protocol was adapted from Sambrook et al. (1989). Genomic DNA was 

extracted from leaves of fully hydrated X viscosa plants according to the procedure described by 

Dellaporta et al. (1983). Approximately 1 g of leaf tissue was ground to a fine powder in liquid 

nitrogen. The DNA was precipitated using isopropanol, resuspended in TE buffer (10 mM Tris, 

pH 7.6; 1 mM EDTA) and quantitated spectrophotometrically. Aliquots of genomic DNA (10 ~g) 

were digested in separate tubes using the following restriction endonuc1eases: EcoRI, HindIII, 

XbaI, SacI, HindIII + SacI for XvRG6, and HindIII, XbaI, Ben, HindIII + ClaI for XvRF17. 

Digested DNA was electrophoresed overnight at 20 V on a 1 % w/v agarose gel. On completion 
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of electrophoresis the DNA was transferred by capillary transfer (Sambrook et al., 1989) onto a 

nylon membrane (Hybond-XL; Amersham Biosciences, USA) and UV cross-linked (UV 

Crosslinker; Amersham Biosciences, USA) onto the membrane. Approximately 10 ng of purified 

XvRG6 or XvRF17 plasmid insert was used in the labeling reaction. Primers used in the 

amplification procedure were XvRG6Fl + XvRG6Rl and XvRF17Fl + XvRF17Rl (Appendix 

B), respectively. Both reactions contained [a.-32p]_dCTP at a concentration of 50 uCi. The PCR 

reactions were conducted using a Hybaid PCR Sprint thermal cycler (Thermo Hybaid, UK) with 

the following parameters: 95°C for 5 min; 15 cycles of 95°C for 30 s, 58°C for 1 min and 72°C 

for 10 min; and a final extension step at 72°C for 10 min. A longer extension time of 10 min was 

used to ensure that the 'heavier' radio-labeled dCTP would incorporate during amplification. 

Unincorporated [a}2P]-dCTP was removed using the SigmaSpin™ Post-Reaction Purification 

Columns (Sigma, UK) according to the manufacturer's instructions. 

The specific activities of the labelled probe were determined in a scintillation counter by 

counting 1 J.1L of probe in 2 mL of scintillation fluid. The membranes were pre-hybridised in pre

hybridisation buffer (0.5 M NaH2P04; 1 mM EDT A; 7% w/v SDS; 1% w/v BSA) for 3 h at 65°C. 

Following pre-hybridisation, the radio-labeled probe was denatured by incubation for 10 min at 

55°C in a heating block and immediately thereafter placed on ice. The denatured probes were 

added to the pre-hybridisation buffer and hybridisations were carried out for 18 h at 65°C with 

gentle shaking. The membranes were washed once for 12 min at 65°C in Wash Buffer A (0.5% 

w/v SDS; 2X SSC), followed by a second wash for 10 min at 65°C in Wash Buffer B (0.1% w/v 

SDS; 0.5X SSC). The membranes were autoradiographed at -70°C onto Hyperfilm MP 

(Amersham Biosciences, USA). Following 30 days exposure, the films were developed manually 

using developer and fixer reagents (Amersham Biosciences, UK) according to the manufacturer's 

instructions. 
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2.3 RI';St:L TS 

2.3.1 Software analysis ofXvRG6 

Sequence analy~h u~ing DNA:\1AN r~wakJ Ihat th~ X"RC6 ~DNA ~quel1ce i~ 629 bp long. 

This sequence ~Onlail1~ an ORF 01" 369 bp_ n,~ (kJuc~J amino acid ~qllel1ce was ob;;eryed to 

encode a pro""in 01" 122 amino acids wilh" ll10kcular mas~ 01" 13.4 kOa and a predicted high 

isoelectric point (pT) 01" 9.91 al pH 7. TIl" LLp~lream (5'-LLnlTan~lak<1 T<,gion) ami Jowl1~tremn (3'

ulltran~lakJ region) region of the ORr consisted of 24 and 242 bp, respecti"d)'_ N"w-a] llt'tw(M-h 

anu hiJ<.kn Markov models predicted that X"R(,6 has a signal peptide v;ilh a cleavage sik he\we<,,, 

amino acid position 20 and 21. This suggests Ihat X vRG6 coul J be a s-ecreted protein. 

(;'(;'G GAT Cll(;AG CllAn. III TC J..i; [leGe Gee CTICGAMACCTTCTICA TGGTIGC GAIl; 

fiA ~ SKTrrllVAK 

CTCTTAGTATCATCTTCTTTCTTCGCATGCTTCGCGAGGGAGCTCCATGAAACTA~GCA 

LLv~~srrAcrARELHETKA 

ACAGAAGAAGCAGGAGCCGAAAAAATGGACGCAGCACAGAGGTCTATTC GTC ACGGTTCT 
TEEAG A EKHDA A QP ~ IPHG Z 

GTGilAC CCC llGCGA CCTGTTGTTAACCA TC CTCTGA.AC C CCAACC GAC CTT ATTGTC CT 
v , KP I VVNH LN " NP , YC I 

C CA.GGTCGTGGTTGC GGT GTGCACC C GC CTC C CT ACC C GCAAT ACC CAC CTTCTT ACG GT 
r GRGCGVH rl'r Y ~ QY ~r ~ YG 

C CTUT ACTCCA CCT GGT GCT ACTC C GT CCA GGC CTC CAAAGC GTC CA TGCC GAC CCC CA 
P YT I'I GA T "' ~ P I' KP ' CP 21' 

TITIGC C GTCGAATT CCI CCA G{MCAC CTI¥ AAAGATGACTGAT GCC ACAACC CAG CC 
rCRRI P A .L r ~ 

AGACGGATTMTTAGTTTGCTCTATATATATTAAAGCTGTAGTATTllTCTTACGTGGGA 
ATAAAGTTGTAA TTGCTCCATGTA.GAGCTGCATATATAGTCGATGTATA CTTGGTAGTCA 

TGCTGCATAAGGllCATGTATGTTATTTTGTAATGCTACCTATTTThATGATTTCTAGTT 
TCTACATTTTAGGAGTCGTACTACTACTC 

figl1l'e 2.1 1\udeoli<.k anu ue uuceu amino add scqllt'ne", or XvRCi6. TIle putative ~tarl anu ~Iop 
couons as wdl a;; the proli"'" resid"",s are represenkd in red . Thc eleavage sile position of'thc ~ignal 
peptiue ,mu the glyc{)~)'lation ~ile are indicatcd h)' a green and red linc Tcspecl ively. The SlOp codon 
is inuicaku b)' an asterisk (OJ, the primer locations are indicalCd hy a hlack line. The suspcclCd 
pho>phoJ)'lalion siks are r",prc.<;cnled in hluc. 
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The hydropathy plot (Kyle and Doolittle, 1982) pr~dicted that the pmtcin i~ predomill~ntly 

hydrophilic (fig 2.2). '[be high hydrophilic score orihe XvRG6 protein. as indicated by the negali,'c 

score values makes it unlikely that it span~ a membrane. 

--------- --- ----
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Figure 2.2 A hydropathy plot ofXvRG6 as detennined by the method nfKyte and Doolittle (1482). 
The red line rcprc~cms the cUl-nfffor the hydrophobic and hydrophilic residues. 

The XvRG6 protein has 7 poknlial phosphor)'lation sites "ith phosp/lor)'lation potentials 

above the threshold valLIe of 0.5 (Fig. 2.3A). These !lYe two s<.Tine residLlcs (amino acid positions 47 

and 52), three threonine residues (amino acid positions %, 100 and 121) and two tyro~inc residuc~ 

(amino acid positions 82 and 94). Parallel ~oilware analy~i~ wa~ carried oat to pr~dict glycosylation 

sites (fig. 2.3B). The XvRG6 protdn ,,>us found to have five predicted O-glycosylation potential 

sitc~ (amino acid po~itions 90, 95,100,102 and 121). Thc XvRG6 protcin ha~ 26 proline rcsiduc~ 

and 5 cysteine residues. It is interesting to note that the first domain (the hydrophobic domain) of 

XvRG6 pn)tein ha~ onc proline re~idue and one cy~jeine rc~idue. The !lecond domain (th~ 
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hydrophilic domi.lln) is rich in proline repeats. The presence of two di~linct domains i.IS described 

ahove i.md 1m, fact that XvRG6 amino ocid sequence contains both proline and cyskin~ repeats 

sClggesls that il could be a hyhrid proline rich protein (I1yPRP) (Fig. 2.1). However, llsing RLAST 

~earch~~ XvRG6 was predickd \0 be pr()1in~-rich prokin \vith an E-value of2.06e-03. 
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Figur~ 2.3 Sollwarc based prediction of phosphorylation potential (AJ and O-glycosylation 
potential (13) ofXvRG6. 
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2.3.2 Software analysis of Xl'RFJ7 

Tk filii-length XvRFI 7 cf)~A ~cql1Cncc (647 bpJ cnnlain~ an ORF of240 hr_ n,e <.k<ll1c~d 

amino ildd S"qlh:'ll~" \Va> ohscrv~<l10 encode a prm~ill Dr RO amino acids with a molecular mil~S 

of] 0.78 lDa imd" pr"diclcd isodcctric IXlim (pi) of7.95 at pH 7. 1hc upstream and downstream 

regions of the ORF ~ollsi~led of 76 and 277 hp. r~~pcctivcly. 

1 G(;GGA TC GAAGGAGA TAAilCAGAGC CG'A GTCTIG'A(;il.ilTTIC IJTGilIJiI. ITG Til. TTI(;AJl 

61 TATCAG GAAATC G'ilTCA'J' .JGC GICTI(;.C (;GA GIaMCnC GGC TGC GGiI. CC G AAC TGC M 
1 HAS GGN C G C (JPN C K 

121 GIG C GG TAGCllCTGCMCT(;CGI>AG(;G AAC AAGATGTAC C CTGGG1T1> (;CC GA(;GA(;AG 
15 " G- S N n l G G N K H Y P G- L A 1: l!: R 

1 81 GAIJCACllC CAe Gel. GAC CMe G'I'GCTC G(;C IJT(;(JCACCTCAGCAG (;AG C GC C GTGAA (;G 

35 3 T T T Q T N V L (; V A P 0 0 ERR E IJ 

241 GTrTGAIJGC CGI> (;CA.i.C GA TC AGAGAGC GGTGGCTGCAAGTGCAGTCCC TGCllCTGC II 
55 F E A G Q R S E 5 G G K 5 p e N ': N 

301 C C C CTGCAll CTG CllATG .'IGC GTCA TCT ATCTCT CGCTIC GCTTIA TGA TGC AGAA TC All 
75 P r N K T 
361 TAGTllA TC liT AGT MT MC T ...... T AGC CTA GGG GGAAAT ACA Til. T llGCTC CGTCTITC 

421 T M ATe A TG TGT AAA TIAATC C CTGA TCAGG GACITA TITGTA TGTTATGGA CTG ATA TG 
481 TAA GTT GTe CAil T ...... ACT AGGTITGTATGTI GGA GITTITGTGAGTGCTGCT ACT ACT AG 
541 AAAATAATGGCTTICTIGTIACTGCTAGGCAAGAGTIGTITAGAGAGTGATAATATGTAA 

601 TAll TIG TGTC ...... TilT GTCllT ATGT AilT .AJ.ACTGGTITIC GGCTIT A 

Figure 2.4 ~l1clentidc and deduced amino ocid sequence or XvRFI7. The putative start and SlOp 
codoll5 as well a~ the cysteinc residues are represented in red. n,C W'P codon is indicated by an 
asterisk (*), the primer locatiom are indi~ilted hy a bhld .. line. Thc suspected phosphorylation sites 
art' rt'presentcd in blue. 

-

14 

2.3.2 Software analysis of XvI? FJ 7 

Tt.;;, filii-length XvRFI 7 cf)~A scql1Cncc (647 bpJ c"nlain~ an ORF of240 hr_ The <.k<ll1c~<l 

amino ildd S"ql1<'Il~" \Va> ohscrv~<l to ~nc()dc a prm~ill Dr RO amino acids with a molecular mil ~ S 

ofl 0.78 lDa imd "pri:'<liclcu isodcctric IXlim (pi) of7.95 at pH 7. 1hc upstream and downstream 

regions of the ORF ~ollsi~led of 76 lind 277 hp. r~~pcctivcly. 

1 GI>GGA TC GAAGGAGA TAAilCAGAGC CG'A GTCTIG'A(;ililTTrC IJTGAlJiI. TrG Til. TTI(TAA 

61 TATCAG GAAATC G'ilTCATjGC GICTIGC (;GA GIMMCnC GGC TGC GGA CC G liC TGC.u 
1 HAS GGN C G C (JPN C K 

121 Gm C GG TAGCMCTGCAACT(;CGI>AG(;G AAC AAGATGTAC C CTGGG1T1> (;CC GA(;GA(;AG 

15 " r; ::; N JJ r G G N K H Y ~ G- L A 1: l!: R 

1 81 GAIJCACllC CAe Gel. GAC c.v.c G'J'GCTC GI>C IJT(;C;CAC[TCAGCAG (;AG C (;C C GTGAA (;G 

35 3 T T T Q T N V L (; V A P 0 0 !: R R E r; 

2 41 GTrTGAIJGC CGI> (;CAAC GA TC AGAGAGC GGTGGCTGCAAGTIJC AIJTCCC TGCllCTGC II 
55 F E A G Q R S E S G G K 5 P C N I: N 

301 C C C CT(;CAA CTG CllATG ':"GC GTCA ITT ATCTCT CGeITC GCTITA T(;A TGC AGAA TC AA 
75 P r N K T 

361 TAnllA IT liT AGT MT MC TAAT AGC CTA (;GG (;GAAAT ACA Til. T llGCIT CGTCITTC 

421 T MAIT A TG T(;T AAA TIAATC C CTGA TCAGG GACITA TITGTA TGTTATGGA CTG ATA TG 
481 TAAGTTGTC CAATAAACTAGGTITGTATGTTGGAGI I I I I GTGAGTGCTGCT ACTACTAG 
541 AAAATAATGGCTTICTIGTIACTGCTAGGeAAGAGTTGTTTAGAGAGTGATAATATGTAA 

601 TAA TIG TGTCAA TAT GITllT ATGT AAT .AAACTGG1TITC GGCTIT A 

Figure 2.4 ~l1clentidc and dedoced amino ocid s~quence or XvRFI7. The putative start and SlOp 
codom as well a~ the cysteinc rcsidues are represenl~d in red. n,C W'P codon is indicated by an 
ast~risk (*), thc primer locatiom ar~ indi~ilkd hy a bhld .. linc. Thc suspected phosphorylation sites 
aI'", r",presentcd in blue. 

-



Univ
ers

ity
 of

  C
ap

e T
ow

n

15 

The hydropathy plot (Kyte and Doolittle, 1982) predi<.'ted that the XvRF17 protein is compkidy 
hydrophilic (Fig 2.5). 

Ky te- Dc oiitt le ~ydrcpathy ?lct 
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Figure 2.5 A hydropathy plot ofXvRFl7 as detennined by the method ofKyte and Doolinle (19R2) 
The red line represents the ~ut-oIT forthe hydrophobic and hydrophili~ re,idlJes. 

The XvRF17 protein has 4 rx>lenlial phosphorylation sites with phosphorylation potentials 

above the threshold value 01'0.5 (Fig. 2.6A). These are two serine residues (amino acid positions 62 

and 64). two threonine residue, (amino acid po,itions 37 and 39). No tyrosine residue was ok>teded. 

Parallel software amilysis was carried out to predkl glycosylation sire, (Fig. 2.68),:No glycosylation 

site was found. The amino acid sequence of XvRFI7 has 13 cysteine residues arranged frotn the N

towards the C-tenniIl!!1 region with a cy,teine-I'ree central spacer. These cysteine residues are 

arranged as Cys-Xaa-Cy~ where Xaa represents another amino acid. This residue is cotnmon to the 

type 1 metallothionein protein (Robinson et at. 1993) and sugge,ted that XvRFI7 protein could 

possibly be a type I MT (Fig. 2.4). However, using BLAST searches XvRF17 was pncdidcd to he 

metallothionein with an E-vmue of 1.7e-31. 
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Figure 2.6 Software based prediction of pho~phm)' lali"n po[enlial (Aj and O-glyc"sylal;on 
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2.3.3 Southern bioi analysis 

Southern blot anulysis of x: l'iscosa genomic DNA was performed to flTStly confirm the 

presence of the XvRG6 and Xl'RFl7 in the X viscosa b>enome and >lecondly to estimate the copy 

number orlhe gene in the X "iscosu genome. 

2.3.3.1 Southern blot analysis of XI'RG6 

Anulysis of the blot revealed a maximum of 6 bands hybridising to the probe. The DNA 

digested with EcoRI. Hindlll, Sad and the double digestion with (Hindlll + Sad) produced a 

single band (at 8. 7. 5 and 0.6 kb respectively) hybridising to the probe while digestions with 

.ThaI produc",d 2 bands (at 5 and 5.2 kb) hybridising to the probe (Fig. 2.7B). The enzyme &oRI, 

Sad have both a single restriction site within XvRG6 eDNA sequence at position 371 and 104 

n;,spectively. r!lese results suggest the presence of XvRG6 in the X riscosa genome as a single 

copy. 

, 

8k~ -_ 

_0.[ ', 1) 

Figure 2.7 Ten micrograms of X viseosa genomic DNA ,vas digested ",ith a number of 
restriction endonucleases either as single or double digests (A). Autoradiograph following 30 day 
exposure to membrane probed with radiolabelled XvRG6 (8). Lanes: M. 2-log DNA molecular 
weight marker; I, EeoRI; 2, Xhal; 3, Hlndlll; 4, Sad; 5, HilldlWSae I. 
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2.3.3.2 Southern blot aualysis of XvRF17 

DNA digested with either liindlII, Rdl or Xbal prodl1Ced two bands (at 8 and 0.8 kb; 8 and 7 

kb; 8 and 4 kb respectively). The double digested DNA (Hindlll + Clal) produceJ 2 bands (4.5 and 

0.6 kb) (Fig. 2.8B). Among these enzymes only Be/I and Clal have both a single restriction site 

within Xv!?FI7 eDNA sequence at position 444 and 71 respectively. These results suggest that there 

could be at least two copies of XvRFI7 in the X viR'Usa genome. 

:::==: 

Figure 2.8: Ten micrograms of X visca,m genomic DNA was digested with a number of 
restriction endonucleases either as single or double digests (A). Autoradiograph follO\ving 30 day 
exposure to membrane probed with mdiolabelled XvRFl7 (8). Lanes: M, 2-1og DNA molecular 
weight markcr; I, HindIII; 2. ){bal; 3. Be/I: 4. HindIlI/C/al. 
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2.4 DISCUSSION 

The major amino acid constituent in plant cell wall protein hydrolysates is hydroxyproline 

(Lamport and Northcote, 1960). In plants there are three classes of glycoproteins containing 

hydroxyproline. These are lectins, arabinogalactan protein (AGPs) and extensins. The AGPs andji, 

lectins are soluble while extensins are insoluble. Extensins which belong to the group of 

(hydroxyproline-rich glycoproteins HRGPs) can be further classified into a number of different 

sub-groups among which proline rich protein (PRPs). The PRPs are suggested to be involved in 

the modification and structure of the cell wall (Showalter and Rumeau, 1990; Darley et al., 2001). 

This group of proteins constitutes one of the major sub-groups of (HRGPs) (Showalter and 

Rumeau, 1990). The HRGPs are characterised as extracellular, structural components of the plant 

cell wall, while PRPs are specifically considered to be involved in cell wall rigidification 

associated with the cessation of cell expansion (Brownleader et al., 1999; Darley et al, 2001). The 

PRPs, which accumulate later in cell development, are apparently inserted to lock the extensins, 

thereby forming a heteropeptide framework (Ye and Varner, 1991). Based on the predicted 

isoelectric points of PRPs (PI 8.8-10), the PRPs may interact with the acidic pectin network 

within the cell wall (Satoh and Fujii, 1988). 

Despite the proposed role of PRPs in cell wall modification and structure, and the fact that 

cell wall metabolism is regarded as the main factor in fruit softening and texture, surprisingly 

little is known about PRPs from ripening fruit (Burger et al., 2004). The PRPs are characterized 

by unique amino acid compositions and distinct patterns of regulation and localisation, 

implicating particular roles in the development, structure and function of cell walls of particular 

cells (Fowler et al., 1999; Davies and Robinson, 2000; Milioni et al., 2001). 

The results presented show that XvRG6 is a proline-rich protein. The full-length XvRG6 cDNA 

sequence of 629 bp contains an ORF of 329 bp with a 5' and 3' UTR of 24 and 242 bp, respectively. 

The XvRG6 gene encodes a single polypeptide of 122 amino acids with a molecular mass of 13.4 

kDa and an isoelectric point of 9.96. The XvRG6 protein has 26 proline residues and 5 cysteine 

residues. The hydrophobic domain of XvRG6 protein has one proline residue and one cysteine 

residue while the hydrophilic domain is rich in proline repeats. The PRPs are arranged in three 

groups (table 2.1). These are: (i) PRPs with proline repeats along the entire protein sequence and 

without a cysteine residue; (ii) hybrid PRPs (HyPRP), which contain two domains, the first domain 

is rich in proline repeats and a second hydrophobic domain which has no proline repeats but is rich 
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in cysteine. In addition there is a central spacer with no proline repeats between the two domains; 

(iii) other PRPs, which are similar to the first group (PRPs) in that proline occurs along the entire 

protein sequence with no cysteine residue; however the proline repeat is different. 

Table 2.1 Classification and feature ofPRPs, HyPRPs, others PRPs and XvRG6 

PRPs HyPRPs OtherPRPs XvRG6 

Signal peptide Present Present Present Present 

Proline repeats Occur along Occur not along Occur along Occur not along 

entire sequence entire sequence entire sequence entire sequence 

Phosphorylation Present Present Present Present 

sites 

Tyrosine residue Present Present Present Present 

Cysteine residue Absent Present Absent Present 

Despite having features common to proline-rich proteins, such as repetitive sequences 

containing a high proportion of proline and a signal peptide that might be used for the transport of 

the protein, XvRG6 appears different from the other reported plant PRPs in that it has a proline 

residue in the hydrophobic domain. It is possible that XvRG6 is still a HyPRP even though the 

hydrophobic domain has one proline repeat and there is only one cysteine residue. 

Analysis of the X vRG6 amino acid sequence using neural networks and hidden Markov 

models predict a signal peptide, indicating that XvRG6 could be transported out of the cytoplasm. 

A hydropathy plot of the XvRG6 amino acid sequence shows that XvRG6 is predominantly 

hydrophilic. This is unexpected as PRPs are generally insoluble. According to Jose and 

Puigdomenech (1993) the insolubilisation of PRPs involves H20 2-mediated oxidative cross

linking, probably through tyrosine. This oxidative cross-linking provides a mechanism for rapid 

hardening of the wall as a protection against environmental stresses (Bradley et al., 1992). The 

XvRG6 protein also has a tyrosine residue, which might be involved in oxidative cross-linking to 

protect X viscosa against environmental stresses. 

The analysis of XvRG6 protein revealed seven phosphorylation sites. These comprise two 

putative serine phosphorylation residues. Protein kinase C has been reported in plants and is 

known to phosphorylate serine residues (Chandok and Sopory, 1998). It is hypothesised that 
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protein kinase C could recognise the serine phosphorylation sites of X vRG6 and potentially 

phosphorylate X vRG6 to regulate it's function. 

Metallothioneins (MTs) are low molecular weight, cysteine-rich proteins with the ability to 

co-ordinate metal atoms (Mir et al., 2004). In plants, a correlation has been observed between MT 

RNA levels and tolerance to heavy metals in different Arabidopsis ecotypes (Murphy and Taiz, 

1995a), suggesting a role in metal homeostasis in plants. A variety of other stimuli, including 

ABA, heat shock, cold shock, wounding, viral infection, senescence, salt stress, and suc 

starvation, have also been shown to influence expression of plant MTs (Buchanan-Wollaston, 

1994; Foley and Singh, 1994; Hsieh et al., 1995; Murphy and Taiz, 1995a; Snowden et al., 1995; 

Choi et al., 1996; Foley et al., 1997). The data available regarding the expression of MT genes 

from a variety of plant species indicate that each MT gene type exhibits characteristic temporal 

and tissue-specific expression patterns (Garcia-Hernandez et al., 1998). 

In plants, two categories of MT -like proteins are proposed on the basis of the predicted 

locations of Cys residues and are designated type 1 and 2 (Robinson et al., 1993). In type 1, there 

are exclusively Cys-Xaa-Cys motifs whereas in type 2 there is a Cys-Cys and a Cys-Xaa-Xaa

Cys pair within the N-terminal domain (Robinson et al., 1993). Based on taxonomic 

relationships, the current classification consists of 15 MT families, with plant MTs being placed 

into family 15 (Kojima et al., 1999; Binz and Kagi, 1999). Plants MTs are divided into three 

major classes (class I, II and III), which are distinguishable on the basis of the distribution of the 

cysteine free spacer (Robinson et al., 1993). Class I and II polypeptides are direct gene products, 

whereas class III MTs are non-translational cysteine-rich molecules named phytochelatins (Ma et 

al., 2002). Metal ions are sequestered by MTs through complexation with the sulphuric group of 

the Cys rich motifs (Ma et al., 2002). Since plant MTs efficiently bind metals (Kille et al., 1991) 

and some MT genes are positively regulated by metals, MTs are thought to be involved in 

cellular metal homeostasis and tolerance mechanisms (Cobbett and Goldsbrough, 2002). 

Moreover, an increasing number of observations suggest a role for plant MTs in senescing 

tissues, since expression of MT genes has been shown to be induced in senescing leaves and 

stems (Buchanan-Wollaston, 1994; Chen et al., 2003), in ripening fruits (Davies and Robinson, 

2000), and in tapetum cells (Choi et al., 1996; Butt et al., 1998). 

The full-length XvRF17 cDNA sequence (647 bp) contains an ORF of 240 bp, which 

encodes a protein of 80 amino acids with a molecular mass of 10.78 KDa and a predicted 
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isoelectric point (PI) of 7.95 at pH 7. The XvRF17 protein has 13 cysteins residues arranged from 

the N-terminal toward the C-terminal separated by a cysteine-free central spacer. Furthennore it is 

interesting to note that these cysteine residues are exclusively Cys-Xaa-Cys where Xaa represents 

any other amino acid. Class 1 MT proteins are characterized by having two cystein-rich domains 

which are separated by a cysteine-free central spacer (Giordani et al., 2000). This class 1 MT-like 

protein is further divided into type 1 and type 2, based on the cysteine spacing within the amino 

acid sequence (Robinson et al., 1993). In type 1, there are exclusively Cys-Xaa-Cys motifs 

whereas in type 2 there is a Cys-Cys and a Cys-Xaa-Cys pair within the sequence (Robinson et al., 

1993). Consequently, the XvRF17 protein is probably a type 1 metallothionein. 

The XvRF17 protein is hydrophilic with six potential phosphorylation sites, which include 

serine, threonine and tyrosine. Protein phosphorylation is the most important regulatory event and 

many enzymes are switched on or off by phosphorylation and dephosphorylation (Ishitani et al., 

2000). The presence of these putative phosphorylation sites may indicate possible means of 

regulation of the XvRF17 protein. The XvRF17 protein sequence has 7 and 6 cysteine residues in 

the N- and C-terminals, respectively. These putative residues might be implicated in the 

sequestration of metal, suggesting a role for XvRF17 in metal ion homeostasis and development. 

Southern blot hybridisation of restriction endonuclease-digested X viscosa genomic DNA 

confirmed the presence of both XvRG6 and XvRF 17 in the X viscosa genome. The results suggest 

the presence of a single copy of XvRG6 and at least two copies of XvRF17 in the X viscosa 

genome. Incidentally, the presence of two copies of Xv RF 17 is consistent with the small multigene 

family nature ofMTs genes reported in Arabidopsis (Zhou and Goldsbrough, 1995). 

2.S CONCLUSION 

Sequence analysis confirmed XvRG6 to be a proline-rich protein, since it possesses many of 

the features common to PRP such as a signal peptide, proline repeats, a cysteine residue and 

possible phosphorylation sites. It was also interesting to note the presence of a tyrosine residue 

present in some repeats of XvRG6. This residue is believed to playa role in protecting the plant 

against environmental stresses (Bradley et al., 1992). The XvRF17 protein was predicted by 

software analysis to belong to the family of metallothioneins. In both cases Southern blot analysis 

confInned the presence ofbothXvRG6 andXvRF17 genes in the X viscosa genome. 
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Chapter 3 

Real-time PCR analyses of XvRG6 and XvF17 

3.1 INTRODUCTION 

Understanding responses of plants to their environment in terms of adaptability and 

performance is of paramount importance. Apart from interest in factors important for ecological 

and evolutionary distribution, much present day interest is fuelled by practical needs (Swamy and 

Smith, 1999). Modem agriculture is affected by environmental factors such as water, drought, 

temperature, light and salt stress. Additional factors are nutrient supply and pathogen attack. 

Adaptation requires reprogramming of gene expression. Thus, an environmental factor has to be 

perceived and transduced into an intracellular signal, which upon signal transduction leads locally 

or systemically to gene expression. 

During biotic or abiotic stress, plants produce increased amounts of hormones such as ABA 

and ethylene (Xiong et al., 2002). In addition, salicylic acid (SA) and perhaps jasmonic acid (JA) 

may be involved in some aspects of the stress response. These hormones may interact with one 

another in regulating stress signalling and plant stress tolerance. For example, ethylene has been 

shown to enhance ABA action in seeds (Gazzarrini and McCourt, 2001), while JA is a plant 

growth regulator, which functions as a signal of developmentally or environmentally regulated 

expression of various genes thereby contributing to the defence status of plants (Hamberg and 

Gardner, 1992; Creelman and Mullet, 1997). 

Real-time quantitative PCR (qRT-PCR) is the most sensitive technique for mRNA 

detection and quantitation currently available (Heid et al., 1996; Livak and Schmittgen, 2001). 

Real-time PCR is the technique of collecting data throughout the PCR process as it occurs, thus 

combining amplification and detection into a single step (Wong and Medrano, 2005). 

In this chapter, qRT-PCR was used to analyse the relative changes in gene expression of 

XvRG6 and XvRF17 in plants exposed to dehydration and various hormone treatments. 
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expression of various genes thereby contributing to the defence status of plants (Hamberg and 

Gardner, 1992; Creelman and Mullet, 1997). 

Real-time quantitative PCR (qRT-PCR) is the most sensitive technique for mRNA 

detection and quantitation currently available (Heid et al., 1996; Livak and Schmittgen, 2001). 

Real-time PCR is the technique of collecting data throughout the PCR process as it occurs, thus 

combining amplification and detection into a single step (Wong and Medrano, 2005). 

In this chapter, qRT-PCR was used to analyse the relative changes in gene expression of 

XvRG6 and XvRF17 in plants exposed to dehydration and various hormone treatments. 
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3.2 MATERIALS AND METHODS 

3.2.1 Abiotic treatment of plants 

24 

Whole plants were subjected to various abiotic stress treatments. These stresses involved 

dehydration, ABA, JA, SA and ethylene treatment. These were done in separate experiments and no 

plant was subjected to dual stress. The experiments were conducted on 3 plants for each treatment 

and repeated once. Leaf samples were collected and the relative water content (RWC) determined 

using the formula: RWC = [(FW-DW)/ (WW-DW)] x 100%] where FW is the fresh weight WW is 

the wet weight and DW is the dry weight. Leaf samples were prepared by cutting off 3 leaves from 

the treated plant. The excised leaves were dissected into smaller pieces, wrapped in aluminium foil, 

quickly frozen in liquid nitrogen then stored at -80°C until RNA extractions were performed. For 

each treatment, samples were collected in triplicate. For ABA, JA, SA and ethylene treatments the 

RWC was only determined at time 0 and 72 h. 

3.2.1.1 Dehydration 

Dehydration of X . viscosa was conducted by withholding water from the soil for a period of 10 

days. Leaf samples were taken at full turgor and thereafter 2, 4, 6, 8, and 10 days without water. 

3.2.1.2 Abscisic acid, jasmonic acid and salicylic acid treatments 

The ABA was prepared as 10 mM stock in 100% ethanol and diluted to 100 J.1M with 

water. The JA and SA were prepared as 10 mM stock in 10% ethanol and diluted with water to 

the appropriate concentration (100 J.lM). As the hormones are light sensitive, the solutions were 

stored in bottles covered with aluminium foil to minimise light inactivation. Plants used in 

hormone treatments were separated into 4 groups of 3 plants each. Each group was treated by 

spraying the leaves with ABA, JA, SA or distilled water (control). After spraying, plants were 

covered for 10 min with black plastic. Plants belonging to the different experimental groups were 

kept separate to prevent cross-contamination. Samples were harvested at 0, 3, 6, 12, 24, 30, 36, 

48, 54, 60 and 72 h after spraying. These plants were kept hydrated throughout the experiment. 
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3.2.1.3 Ethylene treatment 

A whole plant was placed into a plastic bag (Sigma, UK) designed for gas treatment. Ethylene 

was applied at a concentration of 1 ppm. The plants were removed from the bag 10 min after 

application and equilibrated under green-house conditions as described by Sherwin and Farrant 

(1996). Samples were harvested at 0, 3, 6, 12, 24, 30, 36, 48, 54, 60 and 72 h after treatment. 

3.3 RNA ISOLATION AND PURIFICATION 

3.3.1 RNA isolation 

Total RNA was extracted from X viscosa leaves using the EZ RNA Reagent (Bio Basic Inc, 

Canada). All solutions used were treated with 0.01% v/v diethylpyruvocarbonate (DEPC; Sigma, 

UK) and all equipment used for isolation were autoclaved twice. Approximately 0.1 g of plant 

material was ground in liquid nitrogen using a mortar and pestle, keeping the tissue frozen at all 

times. The ground tissue was transferred to a 2 mL Eppendorf tube containing 1 mL of EZ RNA 

reagent. The mixture was inverted 6 times, vortexed for 10 min and thereafter incubated for 5 min at 

room temperature (RT) to allow complete dissociation of nucleoprotein complexes. Thereafter, 0.2 

mL of chloroform was added, the mixture was inverted 30 times, then incubated for 3 min at RT, 

followed by centrifugation for 15 min at 12000 x g at 4°C. The top aqueous layer was carefully 

transferred to a sterile tube containing 1 mL isopropanol. The mixture was inverted 10 times in 

isopropanol, incubated for 10 min at RT, followed by centrifugation for 15 min at 12000 x g at 4°C. 

The supernatant was discarded and the pellet washed with 75% v/v ethanol. Thereafter the pellet was 

dried for 3-5 min at RT. The dried pellet was resuspended in 50 JlL DEPC water by incubating for 3-

5 min at 55°C. The RNA was stored at -80°C. 

3.3.2 DNase I treatment and RNA purification 

To remove contaminating DNA, the RNA was treated with DNase I (New England 

BioLabs, USA) according to the manufacturer's instructions. After 10 min incubation at 37°C, 

the sample volume was adjusted to 100 JlL with RNase-free water prior to purification. The RNA 

was purified using the RNA Miniprep Super Kit (Bio Basic Inc, Canada). To the 100 JlL sample, 

350 JlL RL T solution was added and the mixture inverted 30 times, followed by the addition of 

250 JlL 100% ethanol. After inverting 10 times, the sample was applied to an EZ spin column in 
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a 2 mL collection tube, centrifuged for 1 min at 4000 x g and washed with 500 J..lL RW solutions. 

The flow-through was discarded and 500 J..lL RPE solution was added to the EZ spin column and 

centrifuged for 1 min at 8000 x g. The flow-through was discarded. To elute the RNA, the spin 

column was transferred to a new 1.5 mL collection tube, 50 J..lL DEPC water was added directly 

onto the centre of the membrane followed by 2 min incubation at 50°C and centrifugation for 1 

min at 10000 x g. A 4 J..lL aliquot was quantitated using a ND-I000 spectrophotometer 

(NanoDrop Technologies, USA), separated on a 1.2% w/v agarose gel and stained for 30 min 

with 0.005% v/v ethidium bromide to verify the concentration of the RNA samples. The 

remaining RNA sample was stored at -80°C. 

3.3.3 Synthesis of cDNA 

The RNA concentration was was quantitated using a ND-I000 spectrophotometer. The 

following components were mixed in a sterile 0.5 mL tube: 1-15 J..lL RNA (ca 2.5 J..lg), 5 J..lL CDS III 

primer (10 J..lM; Clontech, UK) and made up to 25 J..lL with dH20. The mixture was centrifuged 

briefly and thereafter incubated for 2 min at 72°C then cooled for 2 min on ice. Thereafter, 1 J..lL M

MuLV Reverse transcriptase (Finnzymes, Finland; RNase H; 200 U/J..lL) 5 J..lL M-MuLV RT buffer 

(lOX) 5 J..lL dNTP (10 mM) and 14 J..lL dH20 was added to the tube prior to incubation for 1 hat 

42°C. Thereafter 1 J..lL RNaseH [Finnzymes, Finland; 5 U/J..lL] was added followed by 15 min 

incubation at 37°C. The cDNA was stored at -20°C. 

3.3.4 Specificity of real-time primers 

The following components were mixed in a sterile 0.5 mL tube: 1 J..lL cDNA mix, 0.5 J..lL dNTP 

(l0 mM), 2.5 J..lL expand buffer (lOX), 1.5 J..lL MgCh (25 mM) and 0.2 J..lL of High Fidelity Taq 

DNA polymerase, 1 J..lL (10 J..lM) each of forward and reverse gene specific primer were used for 

each PCR reaction. Reactions were conducted using a Gene Amp 9700 thermo cycler under the 

following conditions: 94°C for 30 s; 94°C for 20 s; 58°C for 30 s; 72°C for 30 s; (30 cycles); 72°C 

for 5 min; 4 °c for 2 min; 20°C for 2 min. Following PCR, the samples were resolved by 

electrophoresis on a 2% w/v agarose gel and stained with ethidium bromide. The XvSAP gene 

(Garwe et al., 2003) was also amplified as a control for melting curve comparison. 
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3.3.5 Real-time peR for gene expression quantification 

The relative expression of XvRG6 and XvRF17 in X viscosa treated leaves was determined 

with the RG-3000A machine (Corbett Research, Australia) using the SensiMix (2X) (dT) DNA Kit 

(Quantace, Australia). The PCR was perfonned in a total volume of 25 JlL containing 0.5 JlL SYBR 

green solution (50X), 12.5 JlL SensiMix (2X) and 9 JlL dH20. The mixture was spun briefly and 1 

JlL of both reverse and forward primer (10 JlM) was added to each tube followed by addition of 2 JlL 

cDNA. The gene specific primers sets [XvRG6F2 + XvRG6R2 for XvRG6; XvRF17F2 + XvRFI7R2 

for XvRF17 (Appendix B)] used for qRT-PCR were designed using DNAMAN software. The 

sequence of the X humilis 18S rRNA was obtained from GenBank (accession number EF418586). 

All oligonucleotides were synthesised on a 1000M DNA synthesiser (Beckman, USA) using a high 

purity program (Synthetic DNA Laboratory, University of Cape Town). Real-time PCR was 

conducted on a RG-3000A machine (Corbett Research, Australia). PCR cycles were as follows: 

initial enzyme activation at 95°C for 10 min, followed by 40 cycles of 95°C for 5 s, 58°C for 8 s and 

72°C for 12 s. 

3.3.6 Statistical analysis 

PCR efficiencies of target genes were determined by generating standard curves. The PCR 

efficiencies were achieved based on serial dilutions prepared from plasmid containing a target gene. 

The CT value is defmed as the cycle number at which the L\Rn [ARn = (R+n) - (Kn), where R+n is the 

fluorescence signal of the product at any given time and Kn is the fluorescence signal of the baseline 

emission] crosses this threshold. The calculated concentration of the target gene was divided with the 

calculated concentration of the 18S rRNA. Thereafter the values of the three biological replicates 

were averaged and used for quantification of transcripts. The quantification of the relative transcript 

levels was obtained after dividing the sample quantity by calibrator quantity. In this study the 

calibrator quantity was the average of the three biological reference samples at time zero. The 

calibrator was designated as I-fold, with all experimentally derived quantities reported as an n-fold 

difference relative to the calibrator (Wong and Medrano, 2005). 
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3.4 RESULTS 

3.4.1 RNA extraction 

An example of good quality RNA (Fig. 3.1) "vas isolated from X ViSCO,\ll plants subjected to 

various abiotic stresses. After DNAse I treatment, sample 1 and 2 see line 1 and 2 (fig. 3.lll) 

respectively were: excluded . 

2,34 111b-_ 

0.5 kb -_ 

2.84 )b-~ 

Fib'Ure 3.1 Gel electrophoresis of total RNA extracted from X viscosa leaves. A. total RNA: and 
B, total RNA treated with DNase I. M, Ie DNA digested with Pstl. Arrows on the leftindi~ate 
molecular sizes delennined from). PSIT markers. 
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3.4.2 Primer am plification and optimisation of the primer sets 

Specificity of each primer s.et was examined by qRT-PCR using the eDNA mix prepared from 

R.""IA extraded fi:om X vjscosl< tellf samples_ Amplil'icl!lion of a specilic transcript for all peR 

readions """<IS conl imwd by the appearance of a single peak aller mehing curve analysis follo\\lng 

complelion oflhe amp] i rication reaction a~ indicmed by the example below (Fig. 3.2). 

I \ \ I \ 

\ I 
I 

\ 
I 

i \ \ j \ I 
c~ , ., 

• • --_ .. _ ... - .-- • • 

"'SA P ),l,R (;6 ~iRF1! \i,-SA P 

Fib'llre 3.2 Melting curve awlyses ofXvRC6 andXvRF17. The XvSup gene (Garwe et al.. 2003) 
was u~"{\ as a control. 
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Amplincation products were also analysed by agarose gel electrophoresis and ethidium 

bromide staining. A single band ",ithin the expected size (200 bp for XvRG6 and 150 bp for XvRFl7) 

was detected in each experiment (Fig. 3.3). 

0.5 kb~-_ 

CI.:2 .kb --~ 

~-0 15 kb 

Figure 3.3 Gel electrophoresis of XvRG6 and XvRFI7 fullowing peR amplification to determine 
whether nun-spedlle amplification occurred. Lane: 1. XvRG6; 2. XvRFI 7; M. 200 bp DNA ladder 
(Fennentas, Germany). Arrows on the left indicate molecular sizes. 
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3.4.3 Real-time peR for gene expression quantification 

To characterise the re~pon~e of XvRG6 and XvRF 17 to abiotic treatments, the mRNA level of 

the two ge~s was evaluated by qRT-PCR. A peR efficienc} 0.97 lind R2 value ofO,99 focthe target 

gene~ w~ obtained by generating standard curves based on a dilution series of plasmid Dl\A 

(Fig.H), 

77 :Y f 
'I {,II J 

" Ii I I 'Ir--C--:Tc~~ 
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I 'I II # I ": •• ...••••.. ~ 'On,. 
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lj " ''" '" ''" '" _" _* ,\ .. C,,", 

I 

Figure 3.4 Standard curve showing amplication of plasmid Dl\A with peR e1liciency_ 
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3.4.4 Gene expression during dehydration treatmcnt 

No difference in XvRG6 expression was detected between the control (91% RWC) and 

dehydrated X )liscosa kavcs (Fig. 3.5A). The transcript of XvRFl7 was detected 98-fold higher at 

38% RWC in comparison I'vith the control (fig. 3.58). This suggests that the XvRF17 gene is 

induced by desiccatioo stress specifically whereasXvRG6 is not. 

XvRG6 expression during dehydration 

" 
i " I • 
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c 
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XvRF17 e xpre ssion ,luring d e hydration 
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I .00 t-- -

I 
i 

RWC 1"1. ) B 

Figure 3.5 Relative expression levels of XvRG6 and XI'RF17 measured in leaves during 
dehydration trcaunent. The eDNA expression levels of XvRG6 and XvRFI7 were normalised 
against 18S rRNA (reference gcne). After normalisation, the expression levels were measured 
relative to the calibrator sample (the average of the three biological replicates at 91% RWC). 
Mcall: average of three biological replicates. The error bar is defille as Meall ± SO 
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Mcan: average of three biological replicates. The error bar is define as Mcall ± SO 



Univ
ers

ity
 of

  C
ap

e T
ow

n

33 

3.4.5 Gene expression during ABA treahneDt 

Gene expression of XvRG6 increased 2.5 fold 3 h post-treatment wilh ABA, then decreased at 

6 h post-treaunent and appeared to stabilise at 24 h for the remainder of the treatment (Fig. 3.6A). 

This suggests that the XvRG6 gene is ABA inducible. The XvRF17 expression in X I'iscosa leaves 

during ABA treatment is sho\\'ll in Fig. 3.68. Initially there was a sharp increase 6 h after treaunent. 

followed by a decrease 6 h laU1T (Time: 12 h) and then another slight increase in expression up to 30 

h. The XvRF17 expression reached its peak at 54 h (7-fold higher) in comparison with time zero. 

This was followed by a sharp reduction in expression to the basal level. This pattern of l\BA-induced 

RNA trmlscription may indicate a cyclical response \kith a memory of ABA from the initial 

application. 
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Figure 3.6 Relative expression kvels of XvRG6 andXvRPl7 measured in leaves treated ",ith 100 
11M ABA. The eDNA expression levels of XvRG6 and XvRFI7 were normalised llgainst 18S 
rRNA (reference gene). After normalisation, the expression levels were measured relative to the 
calibrator sample (the aVl"rage of the three biological replicates at time 0). Mean: average of three 
biological replicates. The error bar is define as Mean ± SD 
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3.4.6 Gene ex pression during SA treatment 

Expression of both XvRG6 and X,'RF17 '"ere considerably induced by SA treatment (Fig. 3.7). 

The XllRG6 transcripl was detecld ill 6, 36, 48, and 72 h post-treatment with SA. For XvRG6, Ihe 

higher peak (IOO-fold) was obtained at 6, 48 and 72 h (Fig. J.7A). For XvRFI 7, the transcript was 

detecled 3, 48, and 60 h posHreatment with SA. The XvRF17 gene reached its peak at 60 h (24-fold) 

fol lo\\-ed by a slight decrease at 72 h (lO-fold; Fig. 3.7B). As observed for ABA, this pattern of SA

induced RNA Iranscription suggests a cyclical response with a memory of SA from the initial 

application. 
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Figure 3.7 Relative expression levels of Xl'RG6 und XvRFl7 measured in leaves treated with 100 
).1M SA. The eDNA expression levels of XllRG6 and XllRF17 were nonnalised against IRS rRNA 
(reference gene). After normalisation. the expression levels were mcasured relative to the 
calibrator sample (the average of the three biological replicates at time 0). Mean: average of three 
biological replicates. The error bar is define as Mean ± SO 
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3.4.7 Gene expression during: .IA treatment 

n:>e relative expression of XvRG6 post-treatment with JA was detected al 24 and 72 h (Fig. 

3.,sA). The higher peak (7500-fold) was detected at 24 h followed by a ~harp decrease to the ba<>ai 

level. Ibc expression of XvRFI 7 was detected at l2 and 30 h post-treatment with JA (9-fold and 18-

rold higher than control. respectively) (Fig. 3.8H). This suggests thai ooth Xvl?G6 and XI'RF1 7 gene 

arc JA inducible. 
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Fib'\lre 3.8 Relative expression levels of XvRG6 and XI'RFI 7 measured in leaves treated with 100 
11M JA. The eDNA expression levels of XvRG6 and XvRF1 7 were nonnalised against 18S rRNA 
(n.->ference g~ne). After nonnaiisation, the expression levels were measured rciati,e to the 
calibrawr sample (thc avcrage oftl"" three biological replicates at time 0). Mean: average of three 
biological replicates. The error bar is define as Mean ± SD 
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3.4.8 Gene expression during ethylene treatment 

The expression of XvRG6 was found to be induced 3 and 48 h (47.5 fold) after treatment with 

ethylene (Fig. 3.9AJ. The expression of XvRF!7 however was dovm-regulated during ethylene 

treatment (Fig 3.98). This suggests thatXvRG6 is possibly a defence induced gene and (hal XvRF17 

is not. 
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Figure 3_9 Relative expression levels or XvRG6 and XvRF17 measured in leaves \realed with 
l.-othy1ene _ The ~DNA expression levels or XvRG6 and XvRFJ7 were nonnalised against 18S 
rRNA (reference gene). After normalisation. the expression levels were measured relative \0 the 
calibrator sample (the average of the three biological replicates at time 0). Mean: average or three 
biological replicates. The error bar is define as Mean ± SO 
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3.5 DISCUSSION 

In this study real time quantitative PCR was used to detect the expression levels of two genes, 

namely XvRG6 and XvRF 17 with the aim of elucidating how these genes respond to abiotic stress. 

The data obtained from the biological repeats displayed great differences between individual plants 

under the same stress conditions due to biological variation. Although plants were grown and treated 

similarly, biological variation such as plant age, size, soil nutrients and water uptake would have 

impacted the plants response to stress. Attempts were made to minimise this variation by choosing 

plants of similar size, which display a similar phenotype. The real-time data was therefore 

interpreted according to the trend obtained from the means of the three biological replicates. 

Several defence response genes are induced by periods of water-deficit (Ramanjulu and 

Bartels, 2002). The results presented here show that XvRF17 was up-regulated during dehydration 

treatment while XvRG6 was not. Under conditions of water deprivation a 98-fold increase in XvRF 17 

transcripts at 38% RWC was observed and this level remained constant throughout the time course. 

No regulation in XvRG6 expression was observed (Fig. 3.SA). These results suggest that XvRF17 

might be a desiccation responsive gene. The XvRF17 gene appears to be a type 1 MT (Chapter 2). 

Previous studies conducted by Oztur et al. (2002) show that genes belonging to this group are up

regulated in response to drought and salt stress. The function of MTs in plants is not yet clear; 

however, Moyle et al. (2004) using northern analysis of a small transcriptome from pineapple fruit 

demonstrated that the up-regulation of MTs during various stress responses could be explained by 

their involvement in response to oxidative stress. In this regard it is possible that XvRF17 could also 

be involved in oxidative stress. 

The expression patterns of XvRG6 and XvRF17 were also studied in response to signalling 

molecules, specifically ABA, JA, ethylene and SA molecules, which are known to modulate the 

activation of defence genes in plants. Depending on the type of stress encountered, host plants 

switch on the appropriate defence pathways or a combination of pathways (pieterse and Van 

Loon, 1999). Complex signal transduction pathways mediated by SA, JA and ethylene are 

induced by biotic and abiotic stresses in plants (Reymond and Farmer, 1998; McConn et al., 

1997; Dempsey et al., 1999) and evidence has also established the involvement of ABA as an 

important stress regulator (Grill and Himmelbach, 1998). The hormones, ABA, SA and JA all 

induced the accumulation of XvRG6 and XvRF17 mRNA. The phytohormone, ABA plays a 

regulatory role in many physiological processes in plants (Swamy and Smith, 1999). Both genetic 
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and biochemical studies have established that ABA is crucial in the response of plants to 

desiccation, salt and cold (Bray, 1997). Many water stress inducible genes are up-regulated by 

exogenous ABA treatment and the levels of endogenous ABA increase significantly in many 

plants under stress conditions (Bray, 1997; Busk and Pages, 1998). Leaf ABA content in wild 

plants increases with water stress. Upon rehydration, the ABA level returns to pre-stress levels. 

Substantial evidence suggests that increased ABA levels limit water loss by reducing stomata 

apertum (Swamy and Smith, 1999). Furthermore, ABA is necessary for the regulation of several 

events during late seed development (McCarty, 1995). It is believed that the hormone is 

synthesised in mature leaves and transported in the phloem through the shoot system (Swamy and 

Smith, 1999). 

The functional consequence of JA-induced up-regulation of genes is related to phytoalexin 

synthesis, N-partitioning, biotic stress response or to developmental events, like seed germination 

(Wastemack et al., 1998). Exogenous application of JA leads to a decrease in the expression of 

nuclear- and chloroplast-encoded genes involved in photosynthesis (Weidhase et al., 1987; 

Reinbothe et al., 1997). Furthermore many stress responsive genes are up-regulated by 

exogenous application of JA. Treatment of barley leaves with JA or stress conditions, such as 

sorbitol treatment, which increase endogenous jasmonates lead to synthesis of abundantly 

appearing proteins, so-called jasmonate-induced proteins (JIPs) of different molecular masses, 

such as JIP-6 (Andresen et al., 1992). The JIP-6 was identified as a thionin and thionins are 

known to function against pathogen attack (Bohlmann, 1994). The most abundant JIP of barley 

leaves, JIP-23, which exhibits no sequence homology in the database (Andresen et al., 1992), 

might be related to stress protection of cells. It appears in all leaf cells upon JA treatment or 

sorbitol stress and is specifically expressed during seedling development in cells stressed 

osmotically by high solute transport (Hause et al., 1997). 

It is thought that SA potentiates reactive oxygen species (ROS) in the hypersensitive 

response (Klessig et al., 2000). Although it is unclear whether osmotic stress leads to an 

increased SA level in plants, the observation that osmotic stress and SA activate the same MAPK 

(mitogen-activated protein kinase) (Hoyos and Zhang, 2000; Mikolajczyk et al., 2000) suggests 

that the osmotic stress signal transduction and SA signal transduction may employ certain 

common components. Using transgenic Arabidopsis expressing a salicylate hydroxylase (NahG) 

gene, Borsani et al. (2001) demonstrated that these SA-deficient seedlings are more tolerant to 
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salt and other osmotic stress. They suggested that the increased tolerance might result from 

decreased SA-mediated ROS generation in the NahG expressing plants. 

Metallothionein type 1 transcripts were previously found to be up-regulated in response to 

exogenous ABA (Chatthai et al., 1997; Reynolds and Crawford, 1996) and SA treatment (Zhou et 

al., 2004). The results presented here suggest that XvRF 17 might also act as a defence gene in the X 

viscosa plant. 

The X vRG6 protein is a novel type of PRP and on the basis of the amino acid sequence 

repeats within this gene, it is tempting to speculate that XvRG6 belongs to a class of hybrid PRP. 

The up-regulation of XvRG6 in response to ABA, JA and SA could be explained by the 

involvement of this gene in plant defence even thought there is little data available on the 

expression patterns of PRPs in response to such hormones. 

Ethylene is a modulator of plant growth and development (Ecker and Davis, 1987; Ecker, 

1995). It is involved in many aspects of plant life cycle, including seed germination, root hair 

development, root nodulation, flower, senescence, abscission, and fruit ripening (Johnson and 

Ecker, 1998). The production of ethylene is regulated by internal signals during development and 

in response to environmental stimuli from biotic and abiotic stresses, such as wounding, hypoxia, 

ozone, chilling, or freezing (Wang et al., 2002). Ethylene is perceived by a family of five 

membrane-localised receptors that are homologous to bacterial two-component histidine kinases 

involved in sensing environmental changes (Wurgler-Murphy and Saito, 1997; Pirrung, 1999). 

Showalter et al. (1992) showed that class I and II tomato PRPs mRNA accumulated in 

response to ethylene treatment. After wounding or pathogen infection, ethylene is synthesised by 

plants. Maize HRGP mRNA has been shown to accumulate in tissues rich in dividing cells and in 

response to wounding (Ludevid et al., 1990). The PRPs were first identified as proteins that 

accumulate in the cell wall in response to physical damage and have subsequently been shown to 

be temporally regulated during plant development (Chen and Varner, 1985; Tierney et al., 1988). 

In this study the transcript of XvRG6 increases (47.5 fold) following 3 and 48 h ethylene 

treatment. This result suggests that XvRG6 might be up-regulated in response to ethylene 

treatment and in turn, suggests a possible role for XvRG6 in processes such as development and 

defence response in plants. 

The expression of XvRF17 was down-regulated following ethylene treatment. The results 

presented here are in contrast with Zhou et al. (2004) who highlighted the up-regulation of rice MT 

39 

salt and other osmotic stress. They suggested that the increased tolerance might result from 

decreased SA-mediated ROS generation in the NahG expressing plants. 

Metallothionein type 1 transcripts were previously found to be up-regulated in response to 

exogenous ABA (Chatthai et al., 1997; Reynolds and Crawford. 1996) and SA treatment (Zhou et 

al., 2004). The results presented here suggest that XvRF 17 might also act as a defence gene in the X 

viscosa plant. 

The X vRG6 protein is a novel type of PRP and on the basis of the amino acid sequence 

repeats within this gene, it is tempting to speculate that XvRG6 belongs to a class of hybrid PRP. 

The up-regulation of XvRG6 in response to ABA. JA and SA could be explained by the 

involvement of this gene in plant defence even thought there is little data available on the 

expression patterns of PRPs in response to such honnones. 

Ethylene is a modulator of plant growth and development (Ecker and Davis, 1987; Ecker, 

1995). It is involved in many aspects of plant life cycle, including seed gennination, root hair 

development, root nodulation, flower, senescence, abscission, and fruit ripening (Johnson and 

Ecker. 1998). The production of ethylene is regulated by internal signals during development and 

in response to environmental stimuli from biotic and abiotic stresses, such as wounding, hypoxia, 

ozone, chilling, or freezing (Wang et al., 2002). Ethylene is perceived by a family of five 

membrane-localised receptors that are homologous to bacterial two-component histidine kinases 

involved in sensing environmental changes (Wurgler-Murphy and Saito, 1997; Pirrung, 1999). 

Showalter et al. (1992) showed that class I and II tomato PRPs mRNA accumulated in 

response to ethylene treatment. After wounding or pathogen infection, ethylene is synthesised by 

plants. Maize HRGP mRNA has been shown to accumulate in tissues rich in dividing cells and in 

response to wounding (Ludevid et al., 1990). The PRPs were first identified as proteins that 

accumulate in the cell wall in response to physical damage and have subsequently been shown to 

be temporally regulated during plant development (Chen and Varner, 1985; Tierney et al., 1988). 

In this study the transcript of XvRG6 increases (47.5 fold) following 3 and 48 h ethylene 

treatment. This result suggests that XvRG6 might be up-regulated in response to ethylene 

treatment and in turn, suggests a possible role for XvRG6 in processes such as development and 

defence response in plants. 

The expression of XvRF17 was down-regulated following ethylene treatment. The results 

presented here are in contrast with Zhou et al. (2004) who highlighted the up-regulation of rice MT 



Univ
ers

ity
 of

  C
ap

e T
ow

n

40 

mRNA after treatment with ethylene. However, since we did not have the upstream promoter region 

of XvRF 17 we could not determine if it contained the putative ethylene-responsive domains 

[ACGTGCCC or GCCAAGTCACC] (Ohme and Shinshi, 1995), which are found in many pathogen

responsive genes. 

3.6 CONCLUSION 

As a step toward functional characterisation of XvRG6 and XvRF 17, the response of the two 

genes under abiotic stress was examined using real-time RT-PCR. Excluding the real-time data 

obtained for XvRF 17 during dehydration, the gene expression trends obtained cannot be 

conclusively interpreted due to the significant biological variation between replicates under the 

same treatment. The may be differences in the uptake of applied hormones by the plants, which 

may have caused this large variation and might persuade the reader to believing that differences 

are indeed a hormone effect. 

The results indicate that these genes may be differentially expressed in response to abiotic 

stress. From the data, XvRG6 mRNA increases during ABA, SA, JA and ethylene treatment but 

not during dehydration while XvRF17 mRNA accumulated during dehydration, ABA, SA, and 

JA but not during ethylene treatment. It is also important to note that no inference on the putative 

function of these genes in response to abiotic stress may be made in the absence of homology 

with any plant protein of known function. However, the significant biological variation observed 

makes it difficult to link the XvRG6 and XvRF 17 expression patterns directly to adverse 

environmental conditions. To investigate whether the gene expression patterns observed was 

reflected at the translational level, western blot and two-dimensional gel electrophoresis analyses 

were used and are discussed in the next chapter. 
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Chapter 4 

Protein expression of XvRG6 and XvRF17 

4.1 INTRODUCTION 

In the previous chapter the gene expression patterns obtained for XvRG6 and XvRF 17 under 

abiotic treatments could not be interpreted conclusively due to high levels of biological variation. 

Furthermore it has been shown that gene expression patterns are not always reflected at the 

translational level. For example, during desiccation in Tortula ruralis specific transcript levels 

remain relatively unchanged and changes occur mainly at the translational level by selection of 

different mRNAs from the unchanged pool (Wood and Oliver, 1999). 

Expression of cloned genes in bacteria is widely used for the production of pharmaceutical 

proteins and in research. At present, E. coli remains the most useful expression host, due to its 

advantages such as ease of handling and maintenance. The disadvantages of expression in E. coli 

are the possible formation of inclusion bodies due to the overexpression of the recombinant or 

insolubility of the protein. Each expression system needs specific tailoring to meet the stringent 

requirements for each protein product to ensure correct activity and desired yield. 

Recombinant proteins can be used to investigate a variety of questions related to 

localisation within a cell or organism, in vitro activity, protein expression patterns and structural 

functional relationships. 

In this chapter the cloning of XvRG6 and XvRF 17 into peR "'T7INT -TOPO'" vector and the 

expression of the recombinant fusion protein in the bacterial system [E. coli BL21 (DE3) plysS] 

is described. These proteins were used to generate antibodies, so that the expression of X vRG6 

protein from X viscosa leaf samples under abiotic stress could be investigated using western blot 

analyses. 
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4.2 MATERIALS AND METHODS 

4.2.1 Total RNA and soluble protein isolation 

Total RNA was extracted from control and stressed X viscosa leaves as described in 

section 3.3.1. After the aqueous phase had been removed for RNA precipitation, the pellets were 

used for the protein isolation. Total protein was isolated using Trizol reagent (Invitrogen, USA) 

with the following modification. Briefly, 0.3 mL of absolute ethanol was added to the pellets, the 

tubes were inverted and incubated for 2 min at RT. Thereafter the samples were centrifuged for 5 

min at 2000 x g. The supernatant (containing the soluble proteins) was transferred into a new 

tube. Two millilitres of isopropanol was added and incubated for 10 min at RT, followed by 

centrifugation for 10 min at 12000 x g at 4°C. The pellets were washed three times with 2 mL of 

0.1 M ammonium acetate in 100% (w/v) methanol and then washed once with 2 mL cold 

acetone. The pellets were dried in the fume hood for 1 h and then resuspended in 50 mM Tris

HCI, pH 7.5. 

4.2.2 TOPO expression of XvRG6 and XvRF17 

The pCR-T7-TOPO TA Expression Kit (Invitrogen, USA) was used according to the 

manufacturer's instructions for the cloning of XvRG6 and XvRF17 into the pCR-T7-TOPO 

expression vector. The enzyme, Taq polymerase, has a non-template-dependent terminal 

transferase activity that adds a single deoxy-adenosine to the 3' ends of PCR products. Linearlsed 

pCR-T7-TOPO has single overhanging 3' deoxy-thymidine residues. This allows PCR inserts to 

ligate efficiently with the vector. Initially the recombinant vector was stably maintained in 

TOPlOF' cells (Invitrogen, USA) for sequence analysis and subsequently transferred to BL21 

(DE3) pLysS cells for protein expression (Invitrogen, USA). 

4.2.2.1 Cloning ofXvRG6 and XvRF17 into pCR-T7-TOPO 

Both XvRG6 and XvRF17 were amplified using gene specific primers, XvRG6Fl + 

XvRG6Rl and XvRF17Fl + XvRF17Rl (Appendix B), respectively. The PCR reaction volumes 

were made up to 25 ,.d (standard PCR reaction; Appendix A) and run with the following cycling 

conditions: 94°C for 2 min; 30 cycles of 94°C for 15 s, 55°C for 30 s and 72°C for 45 s; and a 

final extension step of 72°C for 7 min. The PCR products were electrophoresed on a 1 % (w/v) 

agarose gel and stained with ethidium bromide. The band of interest was excised and purified 
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using the High Pure PCR Product Purification Kit according to the manufacturer's instruction 

(Appendix A). Ligation of the purified amplimer to the TOPO vector was carried out according 

to the manufacturer's instruction (Table 4.1). 

Table 4.1 Ligation reaction of TOPO vector to purified PCR products 

Component 

Purified amplimer 

TOPO vector (Invitrogen, USA) 

Salt solution· 

*No ligase was required in the ligation reaction 

Volume (J1I) 

2.0 

0.5 

0.5 

The reagents were added to an Eppendorf tube and incubated overnight at 4°C. Three 

microlitres of the ligation mix was transformed into TOPI0F' E. coli cells to select for positive 

clones. Colony PCR was performed using gene specific primers XvRG6Fl + XvRG6Rl and 

XvRF17Fl + XvRFI7Rl; Appendix B), respectively. The TOPI0F' cells containing either 

pTOPO::XvRG6 or pTOPO::XvRF17 were inoculated in LB broth supplemented with 100 f.lg.mL-

1 ampicillin. Plasmid DNA was isolated using the High Pure Plasmid Extraction Kit according to 

the manufacturer's instruction (Appendix A). Samples were sequenced to confirm the correct 

orientation of the insert. Prior to protein expression pTOPO::XvRG6 and pTOPO::XvRF17 were 

transformed into BL21 (DE3) pLysS E. coli cells. Colony PCR was performed using gene 

specific primers. PositiveXvRG6 andXvRF17 clones were used in the expression studies. 

4.2.2.2 Protein expression ofXvRG6 and XvF17 

For small scale induction, 1 mL of an overnight LB broth containing either pTOPO::XvRG6 

or pTOPO::XvRF17 supplemented with 100 f.lg.mL-1 ampicillin and 34 f.lg.mL-1 chloramphenicol 

was used to inoculate 100 mL LB broth supplemented with 100 f.lg.mL-1 ampicillin and 34 

f.lg.mL-1 chloramphenicol and incubated with vigorous shaking at 37°C until an OD6oo of between 

0.6-0.8 was obtained. A 1 mL aliquot was removed from the broth culture (un-induced sample) 

and the remaining culture was induced by the addition of IPTG to a final concentration of 1 mM 

and incubated for an additional 16 h with vigorous shaking at 30°C. A 1 ml aliquot was collected 

after 16 h. Cells were pelleted by centrifugation (4000 x g for 20 min) and the pellet redissolved 
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in 50 mL LB broth supplemented with chloramphenicol (200 J.l.g.mL-1
). The cells were allowed to 

shake at 37°C for 2 h after which 1 mL aliquot was removed from the broth culture. The un

induced, overnight sample and chloramphenicol sample were centrifuged for 1 min at 8000 x g 

and the supernatant discarded. Water (80, 160 and 240 J.1L) was added to the pelleted cells, which 

were gently resuspended by pipetting. Twenty, 40 and 60 microlitres of 5X SDS loading buffer 

(0.225 M Tris, pH 6.8; 50% (v/v) glycerol; 5% (w/v) SDS; 0.05% (w/v) bromophenol blue; 0.25 

M DTT) was added to the resuspended cells. Samples were electrophoresed on a 12.5% 

polyacrylamide gel. Protein integrity was determined by staining gels with Coomassie blue 

[(0.05% (w/v) Coomassie Brilliant Blue R-250, 40% (v/v) ethanol, 10% (v/v) glacial acetic acid] 

and destained with destainer (40% methanol, 10% glacial acetic acid, 50% water). 

For large scale induction, 20 mL of an overnight LB broth culture (either pTOPO::XvRG6 

or pTOPO::XvRFl7) supplemented with 100 J.l.g.mL-1 ampicillin and 34 J.l.g.mL-1 

chloramphenicol was used to inoculate one litre LB broth supplemented with the same antibiotic 

concentrations as above and incubated with vigorous shaking at 37°C until an OD600 of between 

0.6-0.8 was obtained. A 1 mL aliquot was removed from the broth culture (un-induced sample). 

The one litre culture was induced by addition of IPTG (1 mM final concentration) and incubated 

for an additional 16 h with vigorous shaking at 30°C. A 1 mL aliquot was collected 16 h post

addition of IPTG (overnight sample). Cells were pelleted by centrifugation for 20 min at 4000 x g 

and the pellet redissolved in 500 mL LB broth supplemented with a high concentration of 

chloramphenicol (200 J.l.g.mL-1
). The cells were allowed to shake for 2 h at 37°C after which a 1 

mL aliquot was collected (chloramphenicol sample). The un-induced, overnight and 

chloramphenicol samples were treated as described for small scale induction. The remaining 500 

mL culture was cooled for 10 min on ice, split into 4 GSA centrifuge tubes and centrifuged for 30 

min at 4000 x g at 4°C. The supernatant was discarded and pelleted cells stored overnight at -

20°C. The frozen cells were thawed for 45 min on ice. The pellet was initially resuspended in a 

small volume (1-2 mL) of lysis buffer [20 mM Tris-HCl; 3 mM EDTA; 0.1% (v/v) {3-

mercaptoethanol; 1 mM phenylmethylsulfonyl fluoride (PM SF) (added fresh); pH 8] by gentle 

homogenizing with a glass rod. A small volume of lysis buffer was added to the suspension at 

short intervals and the cells homogenized with a glass homogenizer until a homogeneous solution 

was obtained. The fmal volume oflysis buffer added to the cell solution was between 15-30 mL 

depending on the size of the pellet and the viscosity of the solution. Thereafter the cells were 
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sonicated in 8 bursts of 15 s interrupted by seven intervals of 15 s on ice to prevent overheating 

of the sample. The lysate was centrifuged for 30 min at 17000 x g at 4°C to pellet inclusion 

bodies. The resulting inclusion body-containing pellet was resuspended in a small volume (1-2 

mL) of washing buffer [20 mM Tris-HCI; 3 mM EDTA; 0.1% (v/v) p-mercaptoethanol; 1% (v/v) 

Triton X-I00] by gently homogenizing with a glass rod. A small volume of washing buffer was 

added to the suspension and the cells homogenized as described above. This washing step was 

repeated four times and the pellet containing the crude protein was resuspended in 30-40 mL of 

solubilisation buffer [20 mM Tris-HCI; 3 mM EDTA; 0.1% (v/v) p-mercaptoethanol; 8 M urea]. 

After homogenising with a glass homogeniser, the lysate was spun for 30 min at 17000 x g at 4°C 

and the supernatant containing the crude protein extract purified through a Ni-NTA column. 

4.2.2.3 Protein purification 

To prepare a resin column the bottom of a 20 mL syringe was plugged with glass wool. 

Homogenised Ni-NT A resin (Qiagen, Germany) was loaded in the syringe over the glass wool 

and 10 mL of buffer B (8 M urea; 20 mM Tris-HCI; 3 mM EDTA; 0.1% (v/v) p

mercaptoethanol; pH 8) was applied to the top of the resin column and allowed to pass through 

by gravitational flow. The crude protein extract was loaded onto the column and the recombinant 

protein allowed to bind to the column due to the interaction of the protein's His-Tag and nickel 

ions on the Ni-NTA column. A 100 J.l.L aliquot of the flow-through was removed (pre-wash 

sample). The resin bound protein was washed with 20 mL wash buffer [8 M urea; 20 mM Tris

HCI; 20 mM imidazole; 20% (v/v) glycerol; pH 6.3] and a second 100 J.l.L aliquot of the flow

through was removed (wash sample). The washed protein in the column was treated with 10-20 

ml elution buffer [8 M urea; 20 mM Tris-HCl; 250 mM imidazole; pH 5.9] and the eluent 

collected in 1.5 mL Eppendorf tubes as 1 mL fractions. The OD280 of each fraction was 

determined spectrophotometrically (Beckman, USA) using quartz cuvettes. From these 

absorbance readings the samples with the highest OD280 values were pooled and a 10 J.l.L aliquot 

removed for SDS-PAGE analysis. 

The concentration of the protein was determined using the following formula: 

Protein concentration = E/e.d where E = absorbance at 280 nm 

e = extinction coefficient (using protparam tool page in expasy) = 8940 

d = cuvette diameter = 1 cm 
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Sample aliquots (pre-wash, wash, eluted and lysed) prepared during the protein purification 

procedure were prepared for electrophoresis. Samples were electrophoresed on a 12.5% SDS 

PAGE gel (standard PAGE conditions; Appendix A). 

4.2.3 Antibody generation, western blotting and immuno-detection 

4.2.3.1 Antibody generation 

Purified protein was concentrated usmg filter columns [3,000MWCO; Millipore 

Corporation Bedford, USA] according to the manufacturer's instructions. The purified 

recombinant XvRG6 protein at a concentration of 1 mg.mL-1 was used for antibody generation. 

Polyclonal XvRG6 antibody production was achieved by injecting one New Zealand rabbit with 

the purified recombinant XvRG6 protein. The injection and bleeding of the rabbit were carried 

out at the UCT Animal Unit. The animals were injected weekly over a 4 week period each time 

with a 1 mL antigen emulsion (500 J.l.L Freund's incomplete adjuvant + 500 J.l.L antigen 

resuspension) (Chart and Rowe, 1992). A pre-immune serum sample was taken, as well as 

weekly serum samples. 

4.2.3.2 Antibody purification 

To purify the antibody, two volumes of borate-buffered saline was added to one volume of 

anti-serum. Thereafter 14% (w/v) of crushed PEG 6000 was added to the diluted serum and 

gently mixed by inversion. This was centrifuged for 10 min at 12000 x g at 4°C. The pellet was 

dissolved in the original serum volume using phosphate buffer (PBS) pH 7.4. Polyethylene glycol 

(pEG) 6000 was added [14% (w/v)] and dissolved. The sample was centrifuged as before and the 

pellet dissolved in half the original serum volume using PBS containing 60% (v/v).glycerol 

4.2.3.3 Western blotting 

Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out 

using 5% stacking gel and a 12.5% resolving gel. Protein integrity was determined by staining 

gels with Coomassie blue (0.05% (w/v) Coomassie Brilliant Blue R-250, 40% (v/v) ethanol, 10% 

(v/v) glacial acetic acid). The proteins were transferred onto nylon membranes (Hybond-P; 

Amersham Phannacia Biotech) using the Hoefer® Electro-transfer System (Bio-Rad 
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resuspension) (Chart and Rowe, 1992). A pre-immune serum sample was taken, as wen as 
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anti-serum. Thereafter 14% (w/v) of crushed PEG 6000 was added to the diluted serum and 

gently mixed by inversion. This was centrifuged for 10 min at 12000 x g at 4°C. The pellet was 

dissolved in the original serum volume using phosphate buffer (PBS) pH 7.4. Polyethylene glycol 

(pEG) 6000 was added [14% (w/v)] and dissolved. The sample was centrifuged as before and the 

pellet dissolved in half the original serum volume using PBS containing 60% (v/v).glycerol 
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Sodium dodecyl sulphate-polyacrylamide gel electrophoresis (SDS-PAGE) was carried out 

using 5% stacking gel and a 12.5% resolving gel. Protein integrity was determined by staining 

gels with Coomassie blue (0.05% (w/v) Coomassie Brilliant Blue R-250, 40% (v/v) ethanol, 10% 

(v/v) glacial acetic acid). The proteins were transferred onto nylon membranes (Hybond-P; 

Amersham Pharmacia Biotech) using the Hoefer® Electro-transfer System (Bio-Rad 
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Laboratories, USA) according to the manufacturer's instructions. Electrophoretic transfer was 

conducted for 3 h at 250 mAo 

4.2.3.4 Protein analysis by 2D gel electrophoresis 

One gram of X viscosa leaf material was excised from a dehydrated plant, ground in 

liquid nitrogen using a mortar and pestle and transferred equally into 4 Eppendorf tubes each 

containing 1.5 mL of extraction buffer [0.5 M Tris pH 7.5, 10 mM EDTA, 1% (v/v) Triton X-I00 

, 2% (v/v) ~-mercaptoethanol]. The tubes were centrifuged for 10 min at 12000 x g at 4°C. The 

supernatants were removed and transfered into new Eppendorf tubes and the protein was 

extracted by addition of an equal volume of Tris saturated phenol pH 8. Thereafter, protein was 

precipitated by the addition of 2.5 volumes of 0.1 M ammonium acetate in methanol. The sample 

was incubated for 16 h at -20°C and thereafter centrifuged for 10 min at 12000 x g at 4°C. The 

supernatant was discarded. The pellet was washed firstly with 0.1 M ammonium acetate in 

methanol and secondly with 1 mL cold 80% (v/v) acetone. Thereafter the protein pellet was air

dried for 30 min and resuspended in urea lysis buffer [9 M urea, 2 M thiourea, 4% (w/v) 

CHAPS]. 

An aliquot was removed for quantification. The sample for rehydration was prepared as 

follows: 2 J.LL of 1% (w/v) DTT, 3.75 J.LL of 1.2% (w/v) carrier ampholytes (Sigma, Germany), 5 

J.LL of 0.4% (w/v) ASB-14 (Sigma, Germany), 100 J.Lg of the protein and adjusted to 125 J.LL with 

urea lysis buffer. This mixture was used to rehydrate immobilized pH gradient strips (PH 3-10, 7 

cm; Bio-Rad, Germany). 

The PROTEAN IEF Cell System (Bio-Rad, USA) was used for 2D gel electrophoresis. 

One hundred micrograms of total protein was loaded into the channel of the rehydration trays. 

The I-D immobilise Dry Strip was placed over the protein sample and incubated for 1 h. This 

was in turn overlaid with a thin layer of mineral oil to prevent drying. Isoelectric focusing was 

performed as follow: 250 V for 20 min, 4000 V for 2 h and a final step of 4000 V for 20.000 Vh. 

After isoelectric focusing the I-D strip was placed in 10 mL equilibration buffer [6 M 

urea; 30% (v/v) glycerol; 50 mM Tris, pH 6.8; 2% (w/v) SDS; 0.05% (w/v) bromophenol blue] 

containing 1 % (w/v) DTT (prepared fresh) and incubated for 10 min with shaking. Thereafter the 

I-D strip was again placed in 10 mL equilibration buffer containing 4.8% (v/v) iodoacetamide 

and incubated for 10 min with shaking. A 12.5% acrylamide gel was prepared (standard PAGE 
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conditions, Appendix A). The strip was placed between the glass plates at the surface of the SDS 

PAGE gel. Agarose (0.5% w/v) containing bromophenol blue was poured over the strip and 

allowed to solidify for 10 min. Protein samples were electrophoresed at 30 rnA and thereafter 

blotted onto a nitrocellulose membrane (Hybond-P; Amersham Pharmacia Biotech) according to 

the protocol described previously (section 4.2.4.3). The membrane was probed with XvRG6 

antiserum as described in section 4.2.4.5. 

4.2.3.5 Chromogenic detection 

The membranes were stained with ponceau S solution (2% (w/v) ponceau S, 1.1 M 

sulfosalicyclic acid, 1.8 M tri-chloroacteic acid) to determine transfer and loading efficacy. 

Thereafter the membranes were washed twice for 10 min with IX TBS buffer (10 mM Tris-CI, 

150 mM NaCI, pH 7.5) and incubated for 1 h in blocking solution (3% (w/v) bovine serum 

albumin (BSA) in IX TBS (10 mM Tris-CI, 150 mM NaCI, pH 7.5) with agitation. The 

appropriate dilution (1 :5000) ofXvRG6 antiserum was added and the membranes incubated for 1 

hat RT. Membranes were subsequently washed twice for 10 min each with TBS-TweenlTriton 

buffer (20 mM Tris-CI, 0.5 M NaCI, 0.05 % (v/v) Tween 20,0.2 % (v/v) Triton X-100, pH 7.5) 

followed by one wash with TBS. The membranes were incubated for 1 h with secondary antibody 

(anti-rabbit IgG, peroxidase linked whole antibody from goat) at a dilution of 1:5000 and washes 

were carried out as before. The membranes were stained with alkaline phosphatase solution [one 

tablet of NBTIBCIP ready to use tablets (Roche, Germany)]. The chromogenic reaction was 

terminated by rinsing the membrane in water. The membranes was air-dried and stored between 2 

sheets of whatman paper. 
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4.3 RESULTS 

4.3.1 Cloning of XvRG6 and XvRFJ7 into pCR-T7-TOPO 

The XvRG6 und XvRF17 genes were successfully cloned into pCR-T7-TOPO. This was 

confumed by colony peR screening of the constructs either pTOPO::XvRC6 or pTOPO::Xi,R F i

(Fig. 4.1). 

11 III;, = 
2.8 ~I 

Figure 4.1 Gd electrophoresis of colony amplimer. M. A PSII DNA marker; Lanes; 1-4, 
pTOPO::XI'RG6; 5-8. pTOPO::XvRFJ7. The arrow on the right indicates the pTOPO::XvRFl7 
producl. 

-1 9 

4.3 RESULTS 

4.3. 1 Cloning of XvRG6 and XvRF J7 into pCR-T7-TOPO 

The XI'RG6 und XI'RF17 genes were sl.ICcessfuJly cloned into pCR-T7-TOPO. This was 

confumed by colony peR sc~ening ofthoo constructs either pTOPO::XI'RG6 or pTOPO::Xi·R F i

{Fig. 4.1). 

11 II I;, = 
2.8 ~ I 

figure 4.1 Gel electrophoresis of colony amplimcr. M. A PSII DNA marker: Lanes: \-4. 
pTOPO::XI'RG6: 5-8. pTOPO::XvRF17. 11Ie arrow on the right indicates the pTOPO::XvRFl 7 
producl. 



Univ
ers

ity
 of

  C
ap

e T
ow

n

4.:\.2 TOrO expression of XvRG6 and X\'RF17 

The XvRG6 ruJd XvRF1 7 genes were successfully cloned into pCR-T7-TOPO and the 

r~combinant XvRG6 protein expressed in the prokaryotic expression host: t;. coli BL2 1 (DE3) 

pLy~ cells. Expression conditions were optimised and good expression yields were obtained for 

XvRG6 protein. The XvRG6 protein was observed to be induced preferentially 16 h post·IPTG 

addition at 30°C (Fig. 4.2A). Expression of XvRF17 protein using BL2l (DID) pLysS cells was 

not successful (Fig. 4.2B). Therefore further expression analysis for UllS proh:in could not be 

conducted. 

701"D,-~ 

1 0 k D a-------+-

-"""=--~ 
70kD-a-~. 

25 !iDa • 

10kD:!I • 
+------12.5 kDa 

Figure 4.2 A. SDS-PAGE stained with sil,'er showing overexpres,ion of XvRG6. MW: 
molecular weight marker. Lanes: 1, "ninduced samples: 2, o"emight induction: 3, 2 hours after 
addition of chloramphenicol to the overnight sample; 4, pellet w<lSh (induced sample); 5, 
supernatant after ce ll s lysis; 6, pellet solubi lised in urea buffer (indu~ed sample). B. SOS-PAGE 
stained with Coomassie brilHant blue shO\\ing the overexpression ofXvRF17. MW: molcc"lar 
weight marker. Lanes: 1·2, XvRG6 supernatant and pellel solubilised in urea buffer (positive 
control); 3-4, XvRFl7 supernatanl and. pellet solubilised in urea buffer. Arrow, on the right 
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in<.!i~ate the expected size of XvRG6 or XvRF17 recombinants proldns as I,ell a, the whit", 
WTOW. 

4.3.3 Puritication ofXvRG6 fusion protein and immuno-blot analysis 

A large-s~ale iuuu<.-tioo ",as conducted and the fusion prolein was purified under denaturing 

condi lion llsing the Ni-NTA resin. A single protein band of 17.4 kDa (including His-tag) was 

observed (Fig. 4.3A). Anti-histidine monoclonal antibodies were used to confirm the purity ofthc 

recombinant fusion protein (data not shown). 

Prior w the antibody generation the proteins were wncentrated using tiller columns [(ca. 

3,OOOMWCO); Mi llipore Corporation Bedford, USAI and used as an antigen for XvRG6 

antiserum production in rabbits. Polyclonal antibodies were purified from the antiserum. The 

XvRG6 antibodies were tested against XvRG6 protein and a band of con:ect size was observed on 

immuno-blots after chromogenic detection (fig. 4.38). 

I OkDa --o.-

• 

1 ' MW 

B 

_1:'.4 I,D ~ 

-0--- 'IS ~C;;, 

Figure 4.3 A. SDS-PAGE stained with siher showing the purity or XvRG6 recombinant protein; 
Lanes: 1-2, blank; _1, 4 and 5 purified XvRG6 protein: 6, unpurified XvRG6 protein (control); B. 
Western blot analysis of the purified samples using XvRG6 antibodies; Lanes: 1-2, purified 
XvRG6 rcr:ombinant protein; MW, molecular weight marker, Arrows indicates molecular sizes 
dctennined from molecular weight markers. 
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4.3.4 Western blot ana lysis 

Equal loading of protein was detennined by visualisation of Coomassie stained gels (Fig. 

4.48). WcsKTII blot analysis for dehydration slress indicated that XvRG6 protein was present at 

620/0 RWC ilIld the levels increase gradually towards 15% RWC (Fig. 4.4A). The size ofXyRG6 

protein (ca. S5 kDa) detected was 4 lime higher than the expected size (13.4 kDa with the His tag 

excluded). Similar results were obtained in three independent experiments conducted with three 

biological replicates (data not shown). This result suggests thatlhe XvRG6 protdn could fOITIl a 

complex (lelramers) via cysteine and proline residues present within the sequence. 

_ 90% 11% &2% l"~ H 'i' XvRG~ --

A 
• 

Figure 4.4 Analysis of total protein extracts from dehydrated X viscose leaves. A. Western blot 
of lola! proteins extracted from dehydrating X viscosa leaves. The membrilIlcs WL'l"e probed with 
anti-XvRG6 raised against XvRG6. B. SDS-rAGE of lola I protein from leaves from dehydrating 
X. viscosa plilIlt (loading control). MW, molecular weight markers; RWC (relative water content) 
is indicated on the photograph. For both gels 20 )1£ of each sample was loaded, electrophoresed 
and transferred onto nitrocellulose membrane. 
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4.3.5 Two dimensional gel electrophoresis analysis ofXvRG6 

In order to verify the discrepancy in size ofXvRG6 Oil SDS-PAGE and immWlOblot <luring 

<lehnlration treatment two dimensional gel electrophoresis was perfoT1l1ed. Few spots were 

observed on the autoradiob'Taph (Fig. 4.5). A <lislincl ~Plll in the region of 13.5 kDa was abo 

obscn"cd . lhis suggests that the <.li~r~pancy in the ~ize of XvRG6 on SDS-PAGE and 

immunoblot could be attributed to cysteine and proline rcsidocs present within the sequence of 

XvRG6 resulting in the fonnation of a lClramcric complex. 

MW 

70 kDa • 

3'5kDa • 

lSI:D~ • 

10 k(l" .. 

Figure 4.5 Two dimensional gel electrophoresis of X. viscosa tolal protein proOCd with XvRG6 
antiserum. Arrow> on the left indicates molecular sizes determined from molecular weight 
marken;. The white auow, indicate XvRG6 protein spot. 
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The XvRG6 amiscrum did not detcc! any XvRG6 protein in plant material treated with 

ABA (Fig. 4.6A) and similar results were obtained for lA. SA and ethylene (data not sho"'n) 

~.uggesting that the XvRG6 gene may not be regulated by these ph}tohonnones despite real-time 

data which point to the induction of XvRG6 by thes~ hormones. 

MIN • 1 G 12 " 11 XvRG i 

70 kDs- ... 

A 

Figure 4.6 Analysis ofloral protein extracts from X viscosa leavC!i treated with ABA. A. Wesl~rn 
blot of lOla! proteins extracted from X visnMa leaves. MW, molecular weight markers; Time (in 
hours) is indicated above the lanes. 1be membranes were probed ",ilh anti-XvRG6. B. 5DS
PAGE of total protein extracted from of X ,'iscosa leaves (loading control). For both gels 20 ,,!! 
of each sample was loaded. electrophoresed and transferred onto nitrocellulose membrane. 
Arrows on the left indicate molecular sizes determined from the molecular ,"veight markers. 
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4.4 DISCUSSION 

The XvRG6 and XvRF17 genes were successfully cloned into pCR-T7-TOPO. The 

recombinant XvRG6 protein was expressed in E. coli BL21 (DE3) pLysS cells. Expression 

conditions were optimised and good expression yields were obtained. The expression of 

recombinant XvRF17 was attempted in various bacterial expression hosts, and under range of 

expression conditions with no success. The product of this gene could be toxic to the host cells 

and future attempts at expressing XvRF17 may involve expression in a eukaryotic host. 

To determine the role of XvRG6 in abiotic stress tolerance in X viscosa, western blot 

analyses were performed using total proteins isolated from stress-induced plants. The data 

obtained indicates an increase in XvRG6 protein levels during water deficit. The size of the 

XvRG6 protein detected (55 kDa) was higher than the expected size (13.4 kDa). However it 

should be noted that the XvRG6 protein is proline-rich (Chapter 2). Cheung et al. (1993) showed 

that proline-rich proteins are implicated in the cell wall structure of organs. According to Fowler 

et al. (1999) the localization of Cys-rich elements with the Pro-rich residue of proline-rich 

proteins might facilitate the formation of disulfide bonds, ultimately affecting their size. The 

discrepancy in size of XvRG6 on SDS-PAGE and immunoblot can thus be explained by the 

localization of Cys-rich elements within the gene, facilitating the formation of disulfide bonds 

between XvRG6 and/or other proteins. 

Two dimensional gel electrophoresis is a unique and powerful approach to resolve proteins 

and polypeptides in complex protein mixtures. To investigate whether the discrepancy in size of 

XvRG6 could have been due to its Cys-rich and Pro-rich residues, 2D electrophoresis was 

performed. Impurities, protein load in the reagents and high substantial streaking in carrier 

ampholyte-based 2D gels might explain the presence of non specific spots viewed on the 

autoradiograph (Fig. 4.5). The other spots observed could be XvRG6 protein, which may have 

been phosphorylated or cleaved. It may also be due to homologues of XvRG6. However, the 

presence of a distinct spot of the size (13.4 kDa) of XvRG6 protein on the 2D autoradiograph 

indicates that the protein is able to form a complex, most likely via Cys and Pro residues present 

within the sequence. The formation of these tetrameric structures in PRPs is thought possibly to 

playa role in protecting the cell wall membrane by binding these proteins (Fowler et al., 1999). 

Abscisic acid is involved in the generation of many stress-inducible genes and is required 

for changes in gene expression in response to water deficit (Bray, 1997). Most water-stress 
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inducible genes respond to treatment with exogenous ABA, whereas others do not (Shinozaki and 

Yamaguchi-Shinozaki 1997). In this study, XvRG6 protein was not detected during ABA 

treatment. This suggests that this gene may not respond to ABA or may respond to environmental 

stresses through an ABA-independent pathway. Although transcription does not seem inhibited, 

translation certainly seems inhibited by ethanol as the working solution contained 0.1 % and 1 % 

ethanol. Similar results were obtained for JA, SA and ethylene treatment suggesting that XvRG6 

does not respond to these hormones at the translational level or it is possible that the protein is 

inhibited by ethanol. 

Comparison of XvRG6 expression at the transcriptional level (Chapter 3) suggested that the 

XvRG6 gene is upregulated by this phytohormone. However, XvRG6 was up-regulated at the 

translational level by dehydration treatment only. As mentioned earlier, transcript levels are not 

always reflected at the translational level (Wood and Oliver, 1999). It is possible that the XvRG6 

mRNA transcript is not translated or that it is translated and degraded very rapidly. 

4.5 CONCLUSION 

A translational study was carried out to determine the expression level of XvRG6 under 

various abiotic stresses that included dehydration, ABA, JA, SA and ethylene. The data presented 

here indicates that XvRG6 is a drought-associated protein in X viscosa, and is uninduced by 

ABA, JA, SA or ethylene. It is also important to note that the XvRG6 protein appears to form a 

tetrameric complex via cysteine and proline residues present within the sequence under 

dehydration stress. 

In light of the findings presented here, it would be of interest to further investigate the role 

of XvRG6 in dehydration tolerance. 
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Chapter 5 

General discussion 

Software analyses predicted XvRG6 to be a PRP, since it possesses many of the features 

common to this protein family. These features include the presence of a signal peptide, proline 

repeats, a cysteine domain and possible phosphorylation sites, all features which are highly 

conserved in PRPs (Jose and Puigdomenech, 1993). Another feature of interest identified by 

software analysis of XvRG6 is the presence of a tyrosine residue present in some repeats of other 

PRPs. It is thought that the presence of the tyrosine residue in the PRPs plays a role in protecting the 

plant against environmental stresses. This would occur by cross-linking the pre-existing tyrosine 

residue of wall proteins. This cross-linking results in rapid hardening of the cell wall (Bradley et al., 

1992). 

. Analysis of the XvRG6 mRNA transcript expression using RT -PCR showed that the gene 

was not induced during dehydration, but was induced by ethylene, endogenous ABA application, 

SA and JA application. 

Western blot analysis revealed that the XvRG6 protein levels increased only during 

dehydration and not during any other imposed stress. It is therefore postulated that XvRG6 plays 

an important role in response to water deficit stress at the translational level by protecting 

proteins during stressful conditions that result in protein denaturation and/or damage. 

The XvRF17 protein was predicted by software analysis to be a metallothioneins, a family of 

metal-binding proteins with the potential to perform distinct roles in the metabolism of different 

metal ions (Robinson et al., 1993). The presence of CxC domains at the C- and N-terminus is the 

main characteristic of type 1 MTs and software analysis suggested that the putative protein encoded 

by XvRF17 possesses these domains. 

The XvRF17 mRNA transcript was shown by RT-PCR to be induced by dehydration stress, 

endogenous ABA application, SA and JA application but not by ethylene treatment. Despite the non

inducible nature of XvRF17 to ethylene treatment as revealed by real-time PCR, the differential 

responses to dehydration, ABA, JA, and SA treatments ofXvF17 provide supportive evidence for the 

complex mechanisms against abiotic stresses. 

The gene expression data obtained for XvRG6 and XvRF17 from real-time PCR should be 

interpreted cautiously as biological variation was very significant. Future work should involve 

57 

Chapter 5 

General discussion 

Software analyses predicted XvRG6 to be a PRP, since it possesses many of the features 

common to this protein family. These features include the presence of a signal peptide, proline 

repeats, a cysteine domain and possible phosphorylation sites, all features which are highly 

conserved in PRPs (Jose and Puigdomenech, 1993). Another feature of interest identified by 

software analysis of XvRG6 is the presence of a tyrosine residue present in some repeats of other 

PRPs. It is thought that the presence of the tyrosine residue in the PRPs plays a role in protecting the 

plant against environmental stresses. This would occur by cross-linking the pre-existing tyrosine 

residue of wall proteins. This cross-linking results in rapid hardening of the cell wall (Bradley et al., 

1992). 

Analysis of the XvRG6 mRNA transcript expression using RT -PCR showed that the gene 

was not induced during dehydration, but was induced by ethylene, endogenous ABA application, 

SA and JA application. 

Western blot analysis revealed that the XvRG6 protein levels increased only during 

dehydration and not during any other imposed stress. It is therefore postulated that XvRG6 plays 

an important role in response to water deficit stress at the translational level by protecting 

proteins during stressful conditions that result in protein denaturation and/or damage. 

The XvRF17 protein was predicted by software analysis to be a metallothioneins, a family of 

metal-binding proteins with the potential to perform distinct roles in the metabolism of different 

metal ions (Robinson et al., 1993). The presence of CxC domains at the C- and N-terminus is the 

main characteristic of type 1 MTs and software analysis suggested that the putative protein encoded 

by XvRF17 possesses these domains. 

The XvRF17 mRNA transcript was shown by RT-PCR to be induced by dehydration stress, 

endogenous ABA application, SA and JA application but not by ethylene treatment. Despite the non

inducible nature of XvRF17 to ethylene treatment as revealed by real-time PCR, the differential 

responses to dehydration, ABA, JA, and SA treatments of XvF 17 provide supportive evidence for the 

complex mechanisms against abiotic stresses. 

The gene expression data obtained for XvRG6 and XvRF17 from real-time PCR should be 

interpreted cautiously as biological variation was very significant. Future work should involve 



Univ
ers

ity
 of

  C
ap

e T
ow

n

58 

the abiotic treatments and subsequent real-time peR with more biological replicates of X viscosa 

in order to minimize the variation and to obtain a reproducible gene expression pattern. 

This study has shown that both XvRG6 and XvRF17 are responsive to stress in X viscosa. 

Since there are no known orthologues of these genes, their respective roles in X viscosa remains 

speculative. The research presented here serves as an initial step into the elucidation of potential 

functional roles for these proteins. Further studies that may be undertaken towards this goal could 

include promoter analyses and immunolocalisation studies. 
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Appendix A 

General protocol 

The PCR reaction was performed usmg a GeneAmp 9700 thermal cycler (Applied 

Biosystems, Singapore). For each amplification, 25 III reactions were set up using component 

concentrations summarised in Table AI. Supertherm Taq DNA polymerase, PCR buffer and 

MgCh used for the amplification process were supplied by SR Products. 

Table Al PCR reagents and fmal concentrations used in a standard PCR protocol 

Component 

Primer concentration 

dNTP mixture (Roche, Germany) 

MgCh 

Taq polymerase buffer 

Template DNA 

Supertberm Taq polymerase 

A2 Standard ligation protocol 

Final concentration 

200 pM 

40llM 

ImM 

IX 

2 ng/1l1 

0.02 UIIlI 

Purified DNA fragments (insert DNA) were ligated to the respective linearised vectors in 

a reaction comprising I Ilg of insert DNA, 400 ng vector, 2 U ofT4 DNA ligase (Roche) and IX 

ligation buffer. The reaction volume was made up to lOllI, mixed well and incubated for 20 h at 

16°C. 

A3 Standard transformation protocol 

Competent E. coli cells were allowed to thaw on ice. Ten microlitres of ligation mix or 

pure plasmid DNA (ca 10 ng) was added to the competent E. coli cells and mixed gently. The 

transformation mix was incubated for 10 min on ice. The cells were heat shocked by incubation 

for 5 min at 37°C and immediately thereafter on ice for 2 min. Nine hundred microlitres of LB 
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broth was added to the transfonned cells and incubated for 45 min at 37°C with vigorous shaking. 

Fifty microlitres of the transfonnation mix was plated on LB agar plates (supplemented with the 

appropriate antibiotic) and incubated for 16 h at 37°C. 

A4 Plasmid extraction 

Plasmid DNA was isolated using the High Pure Plasmid Extraction Kit (Roche). Bacterial 

cells (ca. 1.5 ml) were centrifuged for 60 s at 6000 x g at RT. The supernatant was discarded and 

250 J!l of Suspension Buffer added to the pellet. The contents were mixed well and 250 III of 

Lysis Buffer was added. The contents were mixed well and thereafter incubated for 5 min at RT. 

Three hundred and fifty microlitres of chilled Binding Buffer was added to the tube and the 

contents mixed gently. The tube was incubated for 5 min on ice and thereafter centrifuged for 10 

min at 14000 x g at RT. A High Pure fllter tube was inserted into one collection tube. The sample 

was transferred using a pipette to the upper reservoir of the fllter tube. The sample was 

centrifuged for 60 s at 14000 x g in a microcentrifuge. The flow through was discarded and the 

filter tube combined again with the same collection tube. Five hundred microlitres Wash Buffer I 

was added to the upper reservoir and centrifuged for 60 s. The flow through was discarded and 

the filter tube again combined with the collection tube. Seven hundred microlitres of Wash Buffer 

II was added and the sample centrifuged and recovered as described above. An additional 

centrifugation step for 60 s at 14000 x g was perfonned. The flow through solution and collection 

tube was discarded and the fllter tube inserted into a clean 1.5 ml reaction tube. The DNA was 

eluted using 50 III elution buffer, which was pipetted onto the filter tube and centrifuged for 60 s 

at 14000 x g. The purified DNA was stored at 4°C. 

AS peR Product purification 

Amplified DNA was purified using the High Pure PCR Product Purification Kit (Roche). 

Two hundred and fifty microlitres Binding Buffer was added to a 50 III PCR reaction and mixed 

well. The High Pure fllter and collection tubes were combined and the sample pipetted into the 

upper reservoir. The sample was centrifuged for 60 sat 14000 x g in a microcentrifuge. The flow 

through was discarded and the fllter tube combined again with the same collection tube. Five 

hundred microlitres Wash Buffer was added to the upper reservoir and centrifuged for 60 s. The 
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flow through was discarded and the filter tube again combined with the collection tube. Two 

hundred microlitres of Wash Buffer was added and the sample centrifuged and recovered as 

described above. The collection tube was discarded and the filter tube inserted into a clean 1.5 ml 

reaction tube. The DNA was eluted using 50 JlI elution buffer, which was pipetted onto the filter 

tube and centrifuged for 60 s at 14000 x g. The purified DNA was stored at 4°C. 

A6 Purification of DNA from agarose gels 

The DNA fragments excised from agarose gels were purified using the High Pure PCR 

Product Purification Kit (Roche). The excised agarose gel slice was placed in a sterile 1.5 ml 

Eppendorf tube and the mass was estimated. For every 100 mg of excised agarose 300 JlI of 

Binding Buffer was added to the Eppendorf tube. The tube was vortexed for 60 s to resuspend the 

gel slice in Binding Buffer. The suspension was incubated for 10 min at 56°C and vortexed 

briefly every 2-3 min during this period. For every 100 mg of agarose gel slice in the tube 150 JlI 

of isopropanol was added and vortexed thoroughly. The High Pure filter and collection tubes 

were combined and the sample pipetted into the upper reservoir. The sample was centrifuged for 

60 s at 14000 x g in a microcentrifuge. The flow through was discarded and the filter tube 

combined again with the same collection tube. Five hundred microlitres Wash Buffer was added 

to the upper reservoir and centrifuged for 60 s. The flow through was discarded and the filter tube 

again combined with the collection tube. Two hundred microlitres of Wash Buffer was added and 

the sample centrifuged and recovered as described above. The collection tube was discarded and 

the filter tube inserted into a clean 1.5 ml reaction tube. The DNA was eluted using 50 Jll elution 

buffer, which was pipetted onto the filter tube and centrifuged for 60 s at 14000 x g. The purified 

DNA was stored at 4°C. 

A 7 Standard PAGE conditions 

To each sample, 5X SDS loading buffer (0.225 M Tris, pH 6.8; 50% glycerol; 5% SDS; 

0.05% bromophenol blue; 0.25 M DTT) was added. Samples were incubated for 8 min in a 

boiling water bath and immediately thereafter placed on ice. Ten microlitres of the denatured 

sample was electrophoresed on a 12.5% polyacrylamide gel (40% BDH acrylamide mix; 1.5 M 

Tris, pH 8.8; 10% SDS; 10% ammonium persulphate; 10 Jll TEMED; made up to 10 ml), which 
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included a 5% stacking gel (40% BDH acrylamide mix; 0.5 M Tris, pH 6.8; 10% SDS; 10% 

ammonium persulphate; 5 I.d TEMED; made up to 5 ml). The sample was electrophoresed for 3 h 

in IX SDS PAGE running buffer (10 g SDS; 30.3 g Tris; 144.1 g glycine) at 30 rnA. Gels were 

stained for 1 h with Coomassie staining solution (2.5 g Coomassie Brilliant Blue R-250; 450 ml 

methanol; 100 ml glacial acetic acid; made up to 1000 ml with sterile distilled water) and 

thereafter destained overnight in destaining solution (450 ml methanol; 100 ml glacial acetic acid; 

made up to 1000 ml with sterile distilled water). 
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AppendixB 

Primer seguences 

Table Bl List of primers used for cloning and sequencing 

Primer name Primer sequence 

XvRG6Fl 5' atggccccgtctaaaaccttcttc 3 ' 

XvRG6Rl 5 ' ctacggtgttgctggaggaattc 3' 

XvRF17Fl 5' atggcgtcttgtggaggaaactg 3 ' 

XvRFl7Rl 5' gggagagatagatgacgcctatttg 3 ' 

M13F 5' gtaaaacgacggccagt 3' 

M13R 5' ctaccagtatcgacaa 3 ' 

Table B2 List of primers used for real time peR 

Primer name Primer sequence 

XvRG6F2 5' ggaggcagcacagaggtctattc 3 ' 

XvRG6R2 5' atcggtctggctgggttgtgg 3' 

XvRF17F2 5' caacccctacaactgcaaatgagc 3 ' 

XvRF17R2 5' gtccata.acatacaaataagtccctgatc 3 ' 

18SF 5' caggcgcgcaaattacccaatcc 3' 

18SR 5' cctaccgtcccgtcccaaggtc 3 ' 
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