
Identification and characterization of a novel triyne 
and cinnamate 4-hydroxylase in Helichrysum 

aureonitens Sch. Bip. 
 

 

by 

SAYED MAHDI ZIARATNIA 

 

A thesis submitted in partial fulfillment of the requirements for the degree of 

              PHILOSOPHIAE DOCTOR 

Forestry and Agricultural Biotechnology Institute (FABI) 
Department of Plant Science 

 

In the 

Faculty of Natural and Agricultural Sciences 
University of Pretoria 

 

Promoter:  
  Prof. J.J.M. Meyer 

 
Co- promoter:  

Prof. K.J. Kunert 
 

2009 

©©  UUnniivveerrssiittyy  ooff  PPrreettoorriiaa  

 

 
 
 



DECLARATION 

I, Sayed Mahdi Ziaratnia, declare that the thesis submitted herewith, for the degree 

Philosophiae Doctor, to the University of Pretoria, contains my own independent work and 

has not previously been submitted by me for a degree to this or any other tertiary institution. 

 

S.M. Ziaratnia 

May 2009 

 

 
 
 
 
 

 
 
 



 
 

CONTENTS 

Abstract ................................................................................................................................VII 
Thesis composition...............................................................................................................XI 
Acknowledgements........................................................................................................... XIII 
List of Figures...................................................................................................................... XV 
List of Schemes...................................................................................................................XIX 
List of Tables ....................................................................................................................... XX 
List of Abbreviations..........................................................................................................XXI 
 
 
 
Chapter 1: Introduction 
 

1.1  Medicinal plants past, present....................................................................................... 2 

1.1.1  Medicinal plants and human health care.................................................................... 2 

1.1.2  Medicinal plants in trade............................................................................................ 4 

1.1.3  Medicinal plants: opportunities.................................................................................. 7 

1.1.4  Medicinal plants: limitations ...................................................................................... 9 

1.1.5  Production of medicinal compounds ........................................................................ 9 

1.1.5.1   Traditional cultivation............................................................................................ 9 

1.1.5.2   Tissue and cell suspension cultures...................................................................... 10 

1.1.5.3   Genetic manipulation of medicinal plants ........................................................... 12 

1.1.5.4   Pathway engineering in medicinal plants ............................................................. 13 

1.2   Medicinal plants in South Africa................................................................................ 15 

1.3   The genus Helichrysum ................................................................................................ 16 

1.3.1   Compounds isolated and identified from the genus Helichrysum ............................. 16 

1.3.2   Helichrysum aureonitens .............................................................................................. 17 

1.3.3   Medicinal properties of H. aureonitens...................................................................... 19 

1.4   Aim of the study ...................................................................................................... 21 

      1.5   Objectives of this study .......................................................................................... 22 

i 

 
 
 



 

 

Chapter 2: Production of galangin in the cell suspension cultures of 
Helichrysum aureonitens 

 
2.1  Abstract ...................................................................................................................................... 24 
2.2  Introduction .............................................................................................................................25 
2.3  Material and methods ...........................................................................................................27 
2.3.1  Induction of plant callus and establishment of cell suspension cultures..................... 27 
2.3.2  Extraction and thin layer chromatography (TLC)...........................................................27 
2.3.3  GC-MS analysis ...................................................................................................................... 28 
2.4  Results ........................................................................................................................................ 29 
2.5  Discussion................................................................................................................................. 35 
2.6  Conclusions ..............................................................................................................................36 
 

 
Chapter 3: Isolation, identification and bioactivity of a novel 

chlorophenol derivative from Helichrysum aureonitens cell 
suspension cultures 

 
3.1  Abstract ...................................................................................................................................... 39 
3.2  Introduction .............................................................................................................................40 
3.3  Materials and methods .........................................................................................................42 
3.3.1  Induction of plant callus and establishment of cell suspension cultures..................... 42 
3.3.2  Extraction................................................................................................................................ 42 
3.3.3  Thin layer chromatography (TLC) .....................................................................................42 

      3.3.4  Isolation and purification of the compound from the ethanol extract of the cell  
suspension cultures............................................................................................................... 43 

3.3.5 Identification of the isolated compound from the cell suspension cultures................43 
3.3.6 Bioassays ................................................................................................................................... 44 
3.3.6.1 Antituberculosis activity .....................................................................................................44 
3.3.6.2 Cytotoxicity assay ................................................................................................................ 45 
3.4  Results ........................................................................................................................................ 46 
3.4.1 Isolation and purification of compound 1..........................................................................46 
3.4.2 Identification of compound 1 ...............................................................................................46 
3.4.3 GC-MS analysis of detection of the triyne in the cells and leaves sample ...................47 
3.4.4  Instability of the triyne.......................................................................................................... 56 
3.4.5 Bioassays ................................................................................................................................... 57 
3.4.5.1  Antituberculosis activity ....................................................................................................57 
3.4.5.2  Toxicity and anticancer activity........................................................................................57 
3.5  Discussion................................................................................................................................. 59 

 ii

 
 
 



 

3.6  Conclusions ..............................................................................................................................63 
 
Chapter 4: Biosynthetic pathway for flavonoids in cell suspension 

cultures of Helichrysum aureonitens  
       
      4.1  Abstract ...................................................................................................................................... 65 

4.2  Introduction .............................................................................................................................66 

4.3  Materials and methods .........................................................................................................71 

4.3.1  Plant materials ........................................................................................................................ 71 

4.3.2  GC-MS analysis ...................................................................................................................... 71 

4.4  Results ........................................................................................................................................ 72 

4.5  Discussion................................................................................................................................. 81 

4.6  Conclusions ..............................................................................................................................87 

 
Chapter 5: Isolation and characterization of cinnamate-4-hydroxylase 

(C4H) in Helichrysum  aureonitens 
 
5.1  Abstract ...................................................................................................................................... 89 

5.2  Introduction .............................................................................................................................90 

5.3  Materials and methods .........................................................................................................92 

5.3.1  Plant materials ........................................................................................................................ 92 

5.3.2  Genomic DNA extraction ...................................................................................................92 

5.3.3  PCR amplification of an internal fragment of C4H using degenerated primers ....... 92 

5.3.4 Gel recovery and TA cloning ...............................................................................................94 

5.3.5 Sequencing and alignment.....................................................................................................94 

5.3.6  Genome walking .................................................................................................................... 96 

5.3.6.1 Genomic DNA restriction digestion ...............................................................................96 

5.3.6.2  Ligation................................................................................................................................. 96 

5.3.6.3  PCR amplification .............................................................................................................. 97 

5.3.7  Phylogenetic analysis ............................................................................................................. 98 

 iii

 
 
 



 

5.3.8  Secondary structure of C4H from H. aureonitens ..............................................................98 

5.4  Results ........................................................................................................................................ 99 

5.4.1  Amplification of an internal fragment of C4H using degenerated primers................ 99 

5.4.2 Genome walking ...................................................................................................................102 

5.4.2.1  Genomic DNA restriction digestion ............................................................................102 

5.4.3  Amplification of the full length cDNA and genomic C4H from H. aureonitens.......105 

 5.4.4 Molecular characterization of the nucleotide sequence of C4H from                       

H. aureonitens .........................................................................................................................106 

5.4.5  Phylogenetic tree..................................................................................................................112 

5.4.6  Secondary and tertiary structures of C4H from H. aureonitens.....................................114 

5.5 Discussion................................................................................................................................118 

5.6 Conclusions .............................................................................................................................121 
 
 

Chapter 6: C4H expression in Pichia pastoris 
 

 
6.1  Abstract ....................................................................................................................................123 

6.2  Introduction ...........................................................................................................................124 

6.3  Materials and methods .......................................................................................................131 

6.3.1  Plant materials ......................................................................................................................131 

6.3.2  Total RNA isolation and cDNA synthesis .....................................................................131 

6.3.3  C4H full gene amplification and digestion......................................................................131 

6.3.4  Preparation of the pPICZαC expression plasmids........................................................132 

6.3.5  Directional cloning of C4H ORF into pPICZαC ........................................................133 

6.3.6  pPICZαC plasmid and C4H insert ligation.....................................................................134 

6.3.7  Preparation of competent TOP 10F’ E. coli ...................................................................134 

6.3.8  Transformation of E. coli (competent TOP 10F) with ligated pPICZαC.................135 

6.3.9  Selection of transformed TOP 10F’ E. coli clones.........................................................135 

6.3.10  Linearisation of the expression vector for transformation into Pichia pastoris........137 

 iv

 
 
 



 

6.3.11  Transformation of Pichia pastoris with linearized plasmids .........................................137 

6.3.12  PCR screening of recombinant GS115 clones.............................................................138 

6.3.12.1  Genomic DNA isolation ..............................................................................................138 

6.3.12.2  PCR screening of recombinant GS115 cells from the isolated genomic DNA.139 

6.3.13  Optimization of the conditions for the expression of C4H in the GS115 cells....140 

6.3.14  Sodium dodecyl sulphate-polyacrylamide (SDS-PAGE) analysis ............................140 

6.3.15  Silver staining......................................................................................................................141 

6.3.16  Western blot analysis of the expressed C4H in Pichia pastoris....................................141 

6.3.17  Ammonium sulphate precipitation ................................................................................143 

6.3.18 Purification of the polyhistidineine-tagged protein......................................................144 

6.3.19 Protein determination ........................................................................................................144 

6.4  Results ......................................................................................................................................145 

6.4.1  Total RNA isolation and cDNA synthesis .....................................................................145 

6.4.2 Cloning of C4H with restriction sites (XhoI and Sac II) in a pGEM cloning       

vector.....................................................................................................................................146 

6.4.3 Transformation of the pPICZαC containing the C4H ORF into E. coli              

TOP 10F’..............................................................................................................................148 

6.4.4  C4H expression in the GS115...........................................................................................153 

6.4.5  Precipitation of C4H expressed in the GS115 ...............................................................153 

6.4.6  Histidine-tagged C4H purification and quantification..................................................156 

6.5  Discussion...............................................................................................................................158 

6.6  Conclusions ............................................................................................................................159 

 

Chapter 7: General discussion and perspectives  
 
7.1 Introduction ...........................................................................................................................161 

7.2 Cell suspension cultures of Helichrysum aureonitens .............................................................162 

7.3 Characterization of flavonoid biosynthesis in Helichrysum aureonitens.............................163 

 v

 
 
 



 

7.4 Characterization of cinnamate 4-hydroxylase in Helichrysum aureonitens ........................164 

7.5 Further work ............................................................................................................................165 

 
References ..............................................................................................................................................167 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 vi

 
 
 



 

Identification and characterization of a novel triyne 
and cinnamte 4-hydroxylase in Helichrysum 

aureonitens Sch. Bip 
 

 

by 

Sayed Mahdi Ziaratnia 
Forestry and Agricultural Biotechnology Institute, Department of Plant Science, University 

of Pretoria, Pretoria, 0002, South Africa. 
 

Supervisor: Prof. J.J.M. Meyer 
Department of Plant Science, University of Pretoria, Pretoria, 0002, South Africa. 

 
Co-supervisor: Prof. K.J. Kunert 

Forestry and Agricultural Biotechnology Institute, Department of Plant Science, University 
of Pretoria, Pretoria, 0002, South Africa. 

 

 

 

ABSTRACT 

For centuries people have used plants as medicine or food additives with varying success to 

cure and prevent diseases. Written records about medicinal plants date back at least 5 000 

years to the Sumerians. According to World Health Organization (WHO) around 80 % of 

the population in developing countries is dependent on herbal medicine for basic healthcare 

needs. Even at the dawn of the twenty-first century, 11 % of the 252 drugs considered as 

basic and essential by WHO were exclusively of flowering plant origin.  
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The genus Helichrysum, belongs to the family Asteraceae and is represented by 

approximately 600 species in Africa, of which 244 species are indigenous in South Africa. 

In Helichrysum aureonitens, galangin is one of the flavonol compounds with good 

medicinal properties. H. aureonitens was targeted to be enhanced via cell suspension 

culture to potentially produce valuable natural products. In ethanol extracts of cell 

suspension cultures, galangin was not detected even though it was present in the leaves of 

the intact plants. Some other compounds were induced in higher amounts in the cells of H. 

aureonitens suspension cultures when compared to that produced in the intact plants. To 

find out the reasons for the absence of galangin in the cells of H. aureonitens suspension 

cultures, some of the intermediates of the 4’-OH biosynthetic pathway for production of 

flavonols were analyzed by GC-MS, including cinnamic acid, p-coumaric acid, naringenin 

and kaempferol. None of these were detected in the H. aureonitens cell suspension cultures. 

The major compound from H. aureonitens cell suspension cultures was isolated and 

identified as a new chlorophenol compound named 4-chloro-2-(hepta-1,3,5-triyne-1-yl)-

phenol (a triyne). This triyne has previously been proposed as being an intermediate in the 

acetylene biosynthetic pathway in Helichrysum spp., however only the methyl ether form 

had previously been isolated from the roots of H. coriaceum. The triyne isolated from the 

H. aureonitens cell suspension cultures in the present study was detected in intact plant 

extracts, but at very low concentrations. Results of the anti-tuberculosis assay of the cell 

suspension culture extracts and the triyne showed that the minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC) of the ethanol extract 

of cell suspension cultures against Mycobacterium tuberculosis H37Rv were found to be 
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1.0 mg/ml and 2.0 mg/ml respectively and the triyne was not active at 200 µg/ml. The 

ethanol extract of the cell suspension cultures and the triyne were also evaluated for their 

cytotoxicity against monkey kidney Vero cells and human prostate epithelial carcinoma 

(DU145) cell lines. The inhibitory concentrations (IC50) of the crude extract and the triyne 

was found to be 12.11 and 1.51 µg/ml against the Vero cells respectively. The crude extract 

and the triyne showed similar activity in the prostate cancer cell lines by exhibiting IC50 

values of 3.52 and 2.14 µg/ml respectively. The triyne therefore warrants further 

investigation for its potential as an anticancer drug. 

Flavonoids represent the major phenolic compounds which are responsible for the 

medicinal properties in the Helichrysum genus. Some of flavonols, including kaempferol, 

quercetin, and galangin are also present in H. aureonitens. In this study both galangin and 

kaempferol (containing a 4’-OH group) were detected in leaf samples of H. aureonitens. 

But GC-MS analysis of the leaf samples of H. aureonitens did not show the existence of 

biosynthetic intermediates such as p-coumaric acid and naringenin (compounds having a 

4’-OH) while cinnamic acid and some other compounds with no OH at the 4’ position on 

the B ring, were detected. The chemical structure analysis of the isolated compounds 

showed that they are pinocembrin chalcone, pinocembrin, pinobanksin and galangin, all 

containing no OH group at the 4’ position. This indicates that some part of the 4’-OH 

biosynthetic pathway for 4’-OH flavonoids is not functional in H. aureonitens. Since the 

only (yet identified) enzyme responsible for hydroxylation at the 4’ position on the B ring 

is cinnamate 4-hydroxylase (C4H), it can be postulated that C4H might be able to 

hydroxylate other substrates in H. aureonitens plants.  
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One copy of C4H was isolated and cloned from H. aureonitens. It has 1518-base pairs 

(including stop codon, TAA) and an open reading frame encoding a 506-amino-acid 

polypeptide. It showed the highest homologies to Echinacea angustifolia (Asteraceae) C4H 

with 83.6 % identity on the nucleotide level but 93 % identity on the amino acid level. The 

genomic DNA sequence of the isolated C4H from H. aureonitens indicates the presence of 

three introns with a longer size compared to the Arabidopsis thaliana C4H gene structure. 

The presence of the first intron has not been reported before in the C4H gene from other 

plants and it is therefore a new finding from the isolated C4H in H. aureonitens.  

To check the putative isolated C4H, the full length cDNA of C4H was isolated from H. 

aureonitens and for the first time integrated in a secreted expression vector, pPICZαC, and 

transformed into Pichia pastoris. After the 48 hrs induction protein was collected, 

precipitated by ammonium sulphate and finally column purified. The results of SDS-PAGE 

electrophoresis and Western blot showed the expression of a protein with a size of 50-60 

kDa. The calculated mass of C4H with regarding to a polyhistidine tag is about 60.5 kDa. 

The secreted expression was found as an effective system for the production of a soluble 

C4H protein with easy purification.  

 

 x

 
 
 



 

THESIS COMPOSITION 

Chapter 1: Introduces briefly the history of medicinal plants in the world and discusses its 

benefits for human health. It also reviews the current situation of the medicinal plant 

product trade in the world focusing on the international trade of these plants. This chapter 

discusses the opportunities and limitations of the production of products from medicinal 

plants and also reports on the application of modern techniques for natural products 

production. In the last part of the chapter, there is an introduction to the genus of 

Helichrysum as well as a description of the medicinal properties of the isolated compounds 

from H. aureonitens.  

Chapter 2: Reports on the establishment of H. aureonitens cell suspension cultures. This 

chapter focuses on the chemical analysis of the galangin intermediates based on the 4’-OH 

biosynthetic pathway of flavonols.  

Chapter 3: Deals with the isolation and identification of the major compound from the H. 

aureonitens cell suspension cultures. The chapter also reports on the characteristics of the 

major compound and crude extracts of the H. aureonitens cell suspension cultures 

including, their toxicity, anti-TB (Mycobacterium tuberculosis) as well as anticancer 

activity.  

Chapter 4: Investigates the 4’-OH biosynthetic pathway for flavonol production in H. 

aureonitens by the detection of flavonol intermediates in the leaf samples. It also reports on 
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the detection of some other intermediates of the non 4’-OH biosynthetic pathway of 

flavonols which can be involved in the galangin production of H. aureonitens plants. 

Finally it is postulated that the difference between these two biosynthetic pathways is the 

functionality of cinnamate-4-hydroxylase (C4H).  

Chapter 5: Focuses on the full length isolation and characterization of C4H in H. 

aureonitens. It includs the neucleotide, amino acid sequence, gene structure and the 

phylogenetic relationships between the isolated C4H from H. aureonitens and those in 

other plants.  

Chapter 6: Presents the expression of C4H in the yeast, Pichia pastoris with the secreted 

system of expressed protein into the medium. The precipitation and purification of C4H 

will also be discussed in this chapter.  

Chapter 7: Summarizes the results of this study regarding the novel phenolic compound 

isolated from H. aureonitens, and as well as the characterization of the isolated and 

expressed C4H. Finally this chapter outlines possible further research which includes the 

functional expression of the isolated C4H from H. aureonitens in yeast and also determine 

the function of this gene in the H. aureonitens cells as well as the characterization of C4H 

from other Helichrysum species.  
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