


,eroustokoon 

(0181 un1ve;.:;:t1 S01ns Don feknologl MOIOVSIO (KUSTE),1\ 

1100036801. 

1100036801 
Isolation or phytoene synthase gene from marine microalgae 

(chlorella sp.) / Fatimah Afifah Alias. 

PERPUSTAKAAN 

KOL&J UNIVERSITI S:AINS & TEKNOLOGI MALAYSIA 

21030 KUALA TERENGGANU 

11000368(1 

HAI< MILIK 

PF.RPUST�KAAN KUSTEM 

Lihat sebelah 



ISOLATION OF PHYTOENE SYNTHASE GENE FROM MARINE 
MICROALGAE (Chlorella sp.) 

By 

Fatimah 'Afifah binti Alias 

Research report submitted in partial fulfillment of 
the requirements for the degree of 

Bachelor of Science (Biological Sciences) 

Department of Biological Sciences 
Faculty of Science and Technology 

KOLEJ UNIVERSITI SAINS DAN TEKNOLOGI MALAYSIA 

2005 



Fatimah, A.A. Isolation of phytoene synthase gene from marine microalgae, 
Chlorella sp.. Undergraduate thesis, Bachelor of Science in Biological 
Sciences, Faculty of Science and Technology, University College of Science 
and Technology Malaysia, Terengganu. 62 p. 

No part ofthis project report may be produced by any mechanical, photographic or 
electronic process, or in the form of phonographic recording, nor may it be stored in a 
retrieval system, transmitted, or otherwise copied for public or private use, without 
written permission from the author and the supervisor of the project. 

1100036801 



_., JABATAN SAINS BIOLOGI

FAKUL Tl SAINS DAN TEKNOLOGI 

KUSTEM KOLEJ UNIVERSITI SAINS DAN TEKNOLOGI MALAYSIA 

PENGAKUAN DAN PENGESAHAN LAPORAN 

PROJEK PENYELIDIKAN I DAN II 

Adalah ini diakui dan disahkan bahawa laporan penyelidikan bertajuk 

...... ;,l��i�ti�n �f phyt���� synthase gene from madne. microalgae· ( Ch/ore/la Sp.)"

oleh · · Fatimah 'Afifah bin ti Alias no. matrik: ......... UK .7!:>1.5. . tel ah
diperiksa dan semua pembetulan yang disarankan telah dilakukan. Laporan ini dikemukakan 
kepada Jabatan Sains Biologi sebagai memenuhi sebahagian daripada keper\uan 
memperolehi ljazah .... ... -�a_rjcina ���a..?�i�� �-?�i��-��?1°.gi . . . . . . . . . . . . . . .  , Fakulti Sa ins dan 
Teknologi, Kolej Universiti Sains dan Teknologi Malaysia. 

Disahkan oleh 

DR. CHA THYE SAN 
Pensyuah 

Jaba1an Sains BioloJi 

Nama Fakulli Sains dan Tck.nolo&i

Kolcj Universi1i Sains dan Teknologi Malaysia

Cop Rasmi (KUSTEM) 
21030 Kuala Tercng,anu. 

Penyelia Kedua Uika ada) 
Nama: 
Cop Rasmi 

PltOF. MADYA OR. NAKISAI-I BT. MAT AMI,! 
Ketua 

Jabatan Sains Biologi 
Fakulti Sains dan Teknologi 

Koltj Universiti Sains dan Teknologi Malaysia 

····-� .... ................. 21030 ���:\;�
)
ngg3nu

Ketua Jabatan Sains Biologi 
Nama: 
Cop Rasmi: 

Tarikh 

Tarikh: ........ ............ . 

Tarikh: ... d.f.(<)_ �: 



ACKNOWLEDGEMENT 

Special thanks to my supervisor, Dr. Cha Thye San for his support and professionalism. 

A heartiest thanks for his help and cooperation in guiding me throughout my project. 

I would like to thank other lecturers of Faculty Science and Technology, especially to 

those who had teached me from first year until now. Their contributions in give me a lot 

of knowledge are very useful and give me a confidence to make this project. 

A lot of thanks dedicate to all staffs of Biological Department as well as other 

researchers, beloved parents and friends for their contribution and supportive. I really 

appreciate your kindness and may the Lord bring all of you His blessing. 

II 



TABLE OF CONTENTS 

Page 

APPROVAL FORM 

ACKNOWLEDGEMENT 
. .

II 

LIST OFT ABLES 
. . .

Ill 

LIST OF FJGURES lV 

LIST OF ABBREVIATIONS V 

LIST OF APPENDICES 
. .

VII 

ABSTRACT Vlll 

ABSTRAK IX 

CHAPTER! INTRODUCTION 1 

CHAPTER2 LITERATURE REVIEW 3 

2.1 Chlorella sp. 3 

2.1.1 Taxonomy of Ch/ore Ila sp. 5 

2.2.2 Nutrient Composition in Ch/ore/la sp. 5 

2.2 Vitamin A (Beta Carotene) 8 

2.3 Carotenoid 10 

24 Carotenoid Biosynthesis Pathway 11 



CHAPTER3 

3. I Materials 

MATERIALS AND METHODS 

3. I. I Sample Sources

3.1.2 Chemical Reagents 

3.1.3 Kits and Enzymes 

3.2 Methods 

3.2. l Sterilization 

3.2.2 The Culture of Ch/ore/la sp. 

14 

14 

14 

14 

16 

16 

16 

17 

3.2.3 Genomic DNA Extraction from Ch/ore/la sp. 17 

3.2.4 Primer Design 18 

3.2.5 Amplification ofPhytoene Synthase Gene with PCR Technique 19 

3.2.6 Purification of Putative DNA Fragment 20 

3.2.7 Cloning of PS Fragment 

3.2.7.a Competent Cell Preparation 

3.2.7.b Ligation 

3.2.7.c Transformation 

3.2.7.d Confirmation of Putative Phytoene Synthase Gene with 

Colony PCR 

3 2.8 Plasmid Extraction of Clone pPS 

3.2.9 Digestion of Plasmid, pPS 

CHAPTER4 RESULT 

4.1 The Culture of Ch/ore/la sp. 

20 

21 

21 

22 

22 

23 

24 

25 

25 



4.2 Genomic DNA Extraction from Ch/ore/la sp. 25 

4.3 Primer Design 30 

4.4 Amplification of Phytoene Synthase Gene with PCR Technique 33 

4.5 Purification of Putative DNA Fragment 36 

4.6 Cloning of PS Fragnent 36 

4.6. l Confirmation of Putative Phytoene Synthase Gene with 39 

Colony PCR 

4.7 Plasmid Extraction of Clone pPS 39 

4.8 Digestion of Plasmid, pPS 42 

CHAPTERS DISCUSSION 44 

CRAPTER6 CONCLUSION 49 

REFERENCES 50 

APPENDICES 54 



LIST OFT ABLES 

Table Page 

2.1 Microalgae classification 6 

2.2 Nutrient composition in microalgae 7 

4.1 The purity and the quantity of the extracted genomic DNA 28 

from Ch/ore/la sp. 

4.2 The nucleotide sequences of the heterologous forward 32 

primers and heterologous reverse primers 

4.3 The characteristics of primers 32 

4.4 Putative PCR bands amplified from different primer 34 

combinations 

4.5 The purity and the quantity of the extracted plasmid 41 

for clone pPS 

A. I TAE buffer 55 

A.2 PCR buffer 56 

B. l F2 Guilland (1995) Medium 57 

B.2 LB Medium (liquid) 58 

B.3 LB Ampicillin Agar Medium 59 

B.4 SOC Medium 60 

111 



LIST OF FIGURES 

Figure Page 

2.1 The structure of beta carotene 9 

2.2 Carotenoid biosynthesis pathway 12 

4.1 The culture of Chlorella sp. sample 27 

4.2 Agarose gel electrophoresis of genomic DNA 29 

4.3 Multiple sequence alignments of phytoene synthase cDNA 31 
with Clustal W 

4.4 Agarose gel electrophoresis of amplified PCR product 35 
from four different primer combinations 

4.5 Agarose gel electrophoresis of the 600 bp PCR 37 
Purified band 

4.6 Putative recombinant single colonies obtained after 38 
overnight incubation at 37

°
C on LB agar ampicillin 

(50µg/µL) plate 

4.7 The confirmation of the inserted DNA with colony-PCR 40 
by using pGEM-T SP-6 and pGEM-T T7 primers 

4.8 EcoRl digestion of pPS plasmid 43 

4.9 Internal EcoR l site in pPS 43 

C. l pGEM-T® Vector Map and Sequence Reference Point 61 

C.2 pGEM-T® Vector Multiple Cloning Sequences 62 

JV 



at 

�- carotene 

bp 

cDNA 

cp 

de 

DNA 

GGPP 

ha 

KCI 

LB 

le 

MgClz 

NaCl 

NADH 

NADPH 

NaOH 

nt 

OD 

i>eroustolr.oan 

r.0101 un1versrt1 Sorns Don Teknoloor Molovsro IKUSTEI 1 

LIST OF ABBREVIATIONS 

Arabidopsis tha/iana 

Beta-carotene 

Base pair 

Complementary DNA 

Citrns x paradise 

Daucus Carota 

Deoxyribonucleic acid 

Geranyl-geranyl pyrophosphate 

Helianthus annuus 

Potassium chloride 

Lurie Bertani 

Lycopersicon esculentum 

Magnesium chloride 

Sodium chloride 

Reduced Nicotinamide Adenine Dinucleotide 

Reduced Nicotinamide Adenine Dinucleotide Phosphate 

Sodium hydroxide 

Nucleotide 

Optical density 

V 



PCR 

PS 

pPS 

PDS 

TAE 

Tm 

ZDS 

Polymerase chain reaction 

Putative phytoene syntase purified product 

Putative plasmid of phytoene synthase 

Phytoene desaturase 

Tris-acetate-EDT A 

Melting temperature 

Zeta-carotene desaturase 

Vl 



Appendix 

A 

B 

C 

LIST OF APPENDICES 

Solutions and Buffers 

Media 

pGEM-T Vector 

. .

VII 

Page 

55 

57 

61 



ABSTRACT 

Pyhtoene synthase gene converts geranylgeranyl pyrophosphate to phytoene in the 

carotenoid biosynthesis pathway in plants. The cDNA clones of this enzyme have been 

isolated and sequenced in several carotenoid producing species such as carrot and 

tomato. Nowadays, microalgae that include Ch/ore/la sp. are known as one of the 

source of beta carotene supplement. There is not much information about the 

carotenoid biosynthesis process in this species. As an initial step towards the 

understanding the role of phytoene synthase gene in Ch/ore/la sp., we have designed 

two heterologous forward primers (PS-Fl and PS-F2) and two heterologous reverse 

primers (PS-Rl and PS-R2) based on the conserved region of phytoene synthase gene 

from five different plant species. Putative phytoene synthase gene was isolated by 

using PCR-based method with PS-F2/PS-R2 primer combination, which successfully 

produced a clear 600 bp band. Methods for the purification and cloning of PCR 

product from Chlorelfa sp. are presented . .EcoRl digestion confirmed the successful 

cloning of the putative phytoene synthase gene from Ch/ore/la sp .. This is the first 

communication to document on the isolation and cloning of putative phytoene synthase 

gene in Ch/ore/la sp .. 
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PEMENCILAN GEN PHYTOENE SYNTHASE DARI MIKROALGA MARJN 

(Clilorella sp.) 

ABSTRAK 

Gen phytoene synthase merupakan enz1m yang menukarkan dua sebatian 

geranilgeranil pirofosfat kepada phytoene dalam tindakbalas biosintesis carotenoid 

pada tumbuhan. Urutan cDNA bagi enzim ini telah dipencil dan di sirikan daripada 

beberapa spesis yang menghasilkan karotenoid seperti lobak dan tomato. Kini, 

mikroalga seperti Ch/ore/la sp. dikenali sebagai sumber makanan tambahan bagi beta

karotin. Tiada banyak maklumat tentang proses biosintesis karotenoid dalam spesis ini. 

Sebagai permulaan untuk memahami peranan gen phytoene synthase ini dalam 

Ch/ore/la sp., kami telah mereka bentuk empat pencetus yang heterologus berdasarkan 

kawasan terpelihara bagi lima spesis tumbuhan yang berbeza. Gen jangkaan phytoene 

synthase dipencilkan dengan kaedah PCR iaitu dengan kombinasi pencetus PS-F2/PS

R2 yang menghasilkan jalur 600 bp yang jelas. Kaedah untuk menulen dan mengklon 

gen jangkaan ini turut dinyatakan. Proses pencernaan oleh EcoR1 membuktikan 

kehadiran gen jangkaan phytoene synthase ini. Dokumen ini merupakan dokumen 

pertama yang menerangkan tentang proses pemencilan dan pengklonan gen jangkaan 

phytoene synthase dalam Ch/ore/la sp .. 
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