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ABSTRACT 

 

 

 

 

Our ultimate dependence on fossil fuels will lead to dramatic depletion of 

these limited resources. Some developed countries have started to use renewable 

energy, which efficiently utilizes physical or environmental resources. Hydrogen has 

been expected to be the energy carrier of the future to replace fossil fuels. Hydrogen 

can currently be produced using many methods, most of which use fossil fuels. 

Biological hydrogen production is gaining wider interest now due to the cleaner 

production process. Hydrogenase is among the main enzymes involved in bacterial 

hydrogen production. Among the four types of hydrogenases reported, hydrogenase 

3 is considered as the enzyme responsible for hydrogen production only. The others 

are involved in hydrogen production and utilization. In this research, Citrobacter sp. 

strain L17 was used. 15 genes in the putative hydrogenase 3 operon of this particular 

bacterial strain have been successfully detected and amplified. All the clustered 

genes have been predicted to be coded by 13,456 nucleotides. It has been predicted 

to be translated into 15 different proteins of 4,485 amino acids. EXPASY 

TRANSLATE was used to predict the amino acid sequence of the proteins coded by 

the hydrogenase 3 operon. The results of this study will guide future research of 

biohydrogen generation by Citrobacter sp. L17, in terms of maximizing biohydrogen 

yield via metabolic engineering. 
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ABSTRAK 

 

 

 

 

 Kebergantungan mutlak kita kepada bahan api fosil akan membawa kepada 

pengurangan dramatik sumber-sumber yang terhad.Beberapa negara maju telah mula 

menggunakan tenaga boleh diperbaharui, yang menggunakan sumber fizikal atau 

alam sekitar dengan efisien.Hidrogen telah dijangkakan menjadi pembawa tenaga 

masa depan bagi menggantikan bahan api fosil.  Hidrogen kini boleh dihasilkan 

menggunakan banyak kaedah, yang kebanyakannya menggunakan bahan api 

fosil.Kini, pengeluaran hidrogen biologi semakin menarik minat ramai kerana proses 

pengeluaran yang lebih bersih.Enzim hydrogenase adalah antara enzim utama yang 

terlibat dalam pengeluaran hidrogen oleh bakteria.Antara empat jenis hydrogenase 

yang dilaporkan, hydrogenase 3 dianggap sebagai enzim yang bertanggungjawab 

untuk pengeluaran hidrogen sahaja.Hidrogenase jenis lain terlibat dalam kedua-dua 

pengeluaran hidrogen dan penggunaannya. Dalam kajian ini, Citrobacter sp. strain 

L17 telah digunakan.15 gen dalam operon yang dianggap hydrogenase 3 bagi strain 

bakteria tertentu ini telah berjaya dikesan dan dibesarkan.Kesemua gen yang 

dikelompokkan telah diramal untuk dikodkan oleh 13,456nukleotida.Ianya telah 

diramal untuk diterjemahkan kepada 15 protein yang berbeza daripada 4485 asid 

amino.EXPASY TRANSLATE telah digunakan untuk meramal jujukan asid amino 

yang dikodkan oleh operon hydrogenase 3.Keputusan kajian ini akan membimbing 

penyelidikan masa depan bagi penjanaan biohidrogen oleh Citrobacter sp. L17 dari 

segi memaksimumkan hasil biohidrogen melalui kejuruteraan metabolik. 
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CHAPTER 1 

 

 

 

 

INTRODUCTION 

 

 

 

 

1.1 Background of Study 

 

 

Energy has been playing a main role in global prosperity, but the excessive 

reliance on fossil fuels as the basic source of energy can lead to global warming, 

environmental issues and health complications (Levinet al., 2004). Over the past few 

years, further considerations have been taken towards hydrogen gas and its powerful 

applications in transport and electrical generation. This is basically due to hydrogen 

being an unpolluting gas, renewable energy source, have high ratio of energy product 

and does not lead to greenhouse gas effect (Agrawal et al., 2008). 

 

 

Generally, hydrogen gas can be produced by several ways such as electrolysis 

of water, thermocatalytic reformation of organic materials and biological processes 

(termed biohydrogen) (Mielenz et al., 2007). There are two main mechanisms to 

produce biohydrogen: sunlight microbial photosynthetic mechanism, which utilizes 

water or organic substrate; and dark fermentations by heterotrophic bacteria using 

starch, sugar and other substrates. Biohydrogen production mechanisms are primarily 

based on hydrogen producing enzyme, hydrogenase (Hallenbeck et al., 2002). 
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Hydrogenase is an essential enzyme that can oxidise molecular hydrogen (H2) 

reversibly in various microorganisms. These microorganisms have four kinds of 

hydrogenases. E. coli carries many hydrogenases operons, for example hyaABCDEF 

which encodes for hydrogenase 1(hyd-1), hybABCDEFG encodes for hydrogenase 2 

(hyd-2) (Richard et al., 1999), hycABCDEFGHI encodes for hydrogenase 3(hyd-3) 

(Bagramyan et al., 2003), and hyfABCDEFGHIR encodes for hydrogenase 4 (hyd-4) 

(Andrews etal., 1996). Hyd-1 and hyd-2 are hydrogen consuming only, hyd-4 has 

investigated to be inactive, and hyd-3 has both activity of hydrogen production and 

consumption (Maeda et al., 2008). 

 

 

Hydrogenase 3 (hyd-3) is a [NiFe]-type of hydrogenase which has hydrogen 

synthesis activity (Rossmann et al., 1994). hycABCDEFGHI operon encodes the 

seven subunits of hyd-3 (Sauter et al., 1992). hycB and hycF genes encode small 

subunits thought to have role in transferring the electron within the FHL complex, 

hycE genes encodes the hydrogenase large subunit that contains the Ni–Fe center 

while hycG encodes the hydrogenase small subunit, and the hycC and hycD genes 

encode polytopic membrane proteins. The hycH gene encodes a hydrophilic protein, 

which probably to include a portion of the hyd-3 complex. hycA encodes a repressor 

(anti-activator) of the hyc operon, and hycI encodes a protease that is essential for 

maturation of the hyd-3 large subunit (Dragal et al., 1998; Magalon etal., 2000, 

Bagramyan et al., 2002). 

 

 

 

 

1.2 Problem Statement 

 

 

Hydrogen production pathway in Citrobactersp. L17 is not understood yet. In 

addition, most studies have focused on understanding the biochemical and molecular 

aspects of hydrogenase 1 and 2.  This study was performed to characterize the operon 

encoding hyd-3 structural components that is responsible for biohydrogen uptake and 

production by extracting the Citrobactersp. L17 genome, amplifying the operon 
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encoding hydrogenase 3 structural components and finally sequencing the hyd-3 

subunit genes and accessory proteins. 

 

 

 

 

1.3 Objective of Study  

 

 

The objectives of this study are: 

 

1. To extract the genomic DNA of Citrobacter sp. L17. 

2. To amplify the genes coding for hyd-3 enzyme subunits and accessory 

genes by PCR. 

3. To sequence the amplified genes and to verify the identity of hyd-3 by 

using bioinformatics analysis. 

 

 

 

 

1.4 Scope of Study  

 

 

This study was conducted to characterize genes for hyd-3 operon Citrobacter 

sp. strain L17. The whole genome of this particular bacterial strain has been 

extracted. The gene coding the hyd-3 operon has been amplified using polymerase 

chain reaction (PCR). Finally the sequencing of these genes has been performed, 

followed by bioinformatics analysis. 
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1.5 Significance of Study 

 

 

Hydrogenase is an important enzyme which has hydrogen synthesis activity 

(Rossmann etal., 1994). Hydrogen considers as one of the most powerful and 

unpolluted carrier of energy (Thompson et al., 2008). By utilizing the fuel cell, 

hydrogen can be improved to electricity, which is recently applied in developed 

countries (Nakada et al., 1999). This study will focus on molecular characterization 

of the subunits and accessory genes of hyd-3 in Citrobacter sp. L17. And the 

knowledge will be used in the knock-out study to understand biohydrogen production 

by Citrobacter sp. L17. 
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