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Fatty acid desaturase enzymes are capable of inserting double bonds between carbon 
atoms of saturated fatty acyl chains to produce unsaturated fatty acids. The enzymes are 
used by the Antarctic microorganisms to increase the amount of cellular unsaturated fatty 
acids, which maintain the proper membrane fluidity at low temperatures. The ∆9-fatty 
acid desaturase enzyme catalyses introduction of the first double bond between C9 and 
C10 positions of saturated fatty acyl chains, a critical step in the biosynthesis of many 
polyunsaturated fatty acids. Although many ∆9-fatty acid desaturases were studied from 
animals, plants and bacteria, to date the number of the ∆9-fatty acid desaturase enzymes 
reported from Antarctic bacteria is very limited.The main objectives of this research 
were to clone and functionally express Δ9-fatty acid desaturases. Five isolates of 
Antarctic bacteria were screened for their ability to produce unsaturated fatty acids at 
low temperatures and identified as Pseudomonas sp. A3, Pseudomonas sp. A8,
Arthrobacter sp. 1B, Arthrobacter sp. 3B and Arthrobacter sp. PB based on 16S rDNA
identification supported by morphological characteristics and biochemical tests. The 
bacteria were positive palmitoleic and oleic acids producers except Arthrobacter sp. 1B. 
Presence of a double bond at C9 positions of these fatty acids suggested that the isolates 
would be potential ∆9-fatty acid desaturase producers. Total unsaturation was observed 
to be higher in Arthrobacter sp. 3B (47.24%), followed by Pseudomonas sp. A8 
(45.09%), Pseudomonas sp. A3 (33.17%), and Arthrobacter sp. PB (31.92%). Although
Arthrobacter sp. 3B had the highest unsaturation, isolation of Δ9-fatty acid desaturase 
gene from this bacterium was unsuccessful. Hence, Pseudomonas sp. A3 and 
Pseudomonas sp. A8 were selected for Δ9-fatty acid desaturase gene isolation. The 
genes were successfully PCR amplified from Pseudomonas sp. A3 and Pseudomonas 
sp. A8, cloned and heterologously expressed in Escherichia coli Transetta (DE3) under 
the control of T7 promoter. The genes isolated from Pseudomonas sp. A3 and 
Pseudomonas sp. A8 were designated as PA3FAD9 and PA8FAD9, respectively each 
having an open reading frame of 1,185 bp coding for 394 amino acids with a predicted 
molecular weight of 45 kDa. Three dimensional structures of both the Δ9-fatty acid 
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desaturases were predicted using YASARA software with suitable templates and used 
to perform molecular docking of palmitic acid, which predicted the ability of the 
enzymes to use palmitic acid as a substrate during the in vivo studies. Functional 
expression of each gene was confirmed by GCMS, which showed functionally expressed 
Δ9-fatty acid desaturases capable of increasing the overall cellular palmitoleic acid 
content of the recombinant E. coli cells that carried PA3FAD9 and PA8FAD9 genes 
leading to two-fold increase upon expression at 15 and 20 oC, respectively. Exogenous
stearic acid was incorporated into the E. coli phospholipids before it was desaturated by 
the ∆9-fatty acid desaturases to produce oleic acids when added into the E. coli growth 
medium. The results confirmed novel Δ9-fatty acid desaturases that could be used to 
enhance unsaturated fatty acid production in suitable hosts. In conclusion, the two Δ9-
fatty acid desaturase proteins were functionally expressed and increased the overall 
cellular unsaturated fatty acid contents of the recombinant E. coli. The enzymes could 
be used in polyunsaturated fatty acids production through co-expression with other genes 
of desaturases and elongases in a host that can produce unsaturated fatty acids using the 
recombinant DNA technology.
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LEMAK DESATURASE DARI ANTARKTIKA Pseudomonas sp. A3 DAN 

Pseudomonas sp. A8

Oleh   

LAWAL GARBA 

Mac 2017 

Pengerusi :  Profesor Raja Noor Zaliha Raja Abd. Rahman, PhD  
Fakulti :  Bioteknologi dan Sains Biomolekul

Enzim desaturase asid lemak mampu memasukkan ikatan antara atom karbon tepu 
rantaian asil lemak untuk menghasilkan asid lemak tak tepu. Enzim ini digunakan oleh 
mikroorganisma Antarktika untuk meningkatkan jumlah asid lemak tak tepu di dalam 
sel, yang mengekalkan kebendaliran membran yang betul pada suhu rendah. Enzim ∆9-
asid lemak desaturase menjadi pemangkin pengenalan kepada ikatan berganda yang 
pertama antara C9 dan C10 pada kedudukan rantaian acyl lemak tepu, satu langkah yang 
kritikal dalam biosintesis pelbagai asid lemak tidak tepu. Problem. Walaupun banyak
desaturases asid lemak Δ9 telah dikaji daripada haiwan, tumbuh-tumbuhan dan bakteria, 
setakat ini hanya sejumlah enzim yang sangat terhad telah dikemukakan daripada 
bakteria Antartika. Objektif utama kajian ini adalah untuk mengklon dan mengzahirkan 
fungsi Δ9-asid lemak desaturases. Δ9-Asid lemak enzim desaturase mejadi pemangkin 
kepada pengenalan ikatan kembar pertama antara C9 dan kedudukan C10 tepu rantaian 
lemak asil, satu langkah yang kritikal dalam biosintesis asid lemak tak tepu yang banyak. 
Sebahagian besar “Open Reading Frame” (ORF) pada Δ9-asid lemak desaturase enzim 
telah diterjemah dari genom spesies Antarktika Pseudomonas dan dikemukakan kepada 
pangkalan data awam tanpa apa-apa maklumat mengenai fungsi mereka. Objektif utama 
kajian ini adalah untuk mengkaji pengklonan molekul dan pengzahiran fungsi Δ9-asid 
lemak desaturases. Lima pencilan bakteria Antarktika telah disaring untuk keupayaan 
mereka menghasilkan asid lemak tak tepu pada suhu rendah dan dikenal pasti sebagai 
Pseudomonas sp. A3, Pseudomonas sp. A8, Arthrobacter sp. 1B, Arthrobacter sp. 3B 
dan Arthrobacter sp. PB berdasarkan pengenalan 16S rRNA disokong oleh ciri-ciri 
morfologi dan ujian biokimia. Bakteria-bakteria tersebut adalah penghasil asid 
palmitoleic positif dan asid oleik kecuali Arthrobacter sp. 1B. Kehadiran ikatan kembar 
pada kedudukan C9 asid lemak menunjukkan bahawa pencilan-pencilan tersebut 
berpotensi sebagai penghasil Δ9-asid lemak desaturase. Jumlah asid tak tepu yang 
dihasilkan di dalam Arthrobacter sp. adalah paling tinggi, 3B (47.24%) diikuti oleh 
Pseudomonas sp. A8 (45.09%), Pseudomonas sp. A3 (33.17%) dan Arthrobacter sp. PB 
(31.92%). Walaupun Arthrobacter sp. 3B mempunyai asid lemak tak tepu tertinggi, 
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pengasingan gen Δ9-asid lemak desaturase dari bakteria ini masih sukar difahami. Oleh 
itu, Pseudomonas sp. A3 dan Pseudomonas sp. A8 telah dipilih untuk pengasingan Δ9-
asid lemak desaturase gen. Gen Δ9-asid lemak desaturase telah berjaya digandakan oleh 
PCR bagi Pseudomonas sp. A3 dan Pseudomonas sp. A8, kemudian gen tersebut diklon 
dan dizahir secara heterolog di dalam Escherichia coli Transetta (DE3) di bawah 
kawalan T7 promoter. Gen yang diasingkan daripada Pseudomonas sp. A3 dan 
Pseudomonas sp. A8 telah diberikan panggilan sebagai PA3FAD9 dan PA8FAD9, di 
mana gen tersebut mempunyai bingkai bacaan terbuka sebanyak 1185 bp pengekodan 
untuk 394 asid amino dengan berat molekul yang dianggarkan sebanyak 45 kDa. Ketiga-
tiga dimensi Δ9-asid lemak desaturases tersebut telah dianalisa dalam perisian YASARA 
menggunakan templat yang sesuai dan digunakan untuk melakukan dok molekul asid 
palmitik. Penzahiran fungsi setiap gen telah disahkan oleh GCMS yang menunjukkan 
penzahiran Δ9-asid lemak desaturases yang mampu berfungsi untuk meningkatkan 
jumlah palmitoleate di dalam sel E. coli rekombinan secara keseluruhan yang sekaligus 
membawa PA3FAD9 dan PA8FAD9 gen kepada peningkatan dua kali ganda penzahiran 
pada suhu 15 dan 20 oC. Asid stearik luaran telah dimasukkan ke dalam E. coli
phospholipid sebelum ia dinyahtepukan oleh Δ9-asid lemak desaturases untuk 
menghasilkan asid oleik apabila ditambah ke dalam medium pertumbuhan E. coli. Hal 
ini telah membuktikan bahawa Δ9-asid lemak desaturases yang baru dari spesies 
Antarktika Pseudomonas boleh digunakan bagi meningkatkan pengeluaran asid lemak 
tak tepu dalam bakteria yang sesuai. Kesimpulannya, kedua-dua gen pengekodan bagi 
protein Δ9-asid lemak desaturase ini berjaya berfungsi dan dizahirkan bagi 
meningkatkan kesuluruhan kandungan asid lemak tak tepu di dalam sel E. coli
rekombinan. Hasil kajian ini boleh digunakan untuk meningkatkan pengeluaran asid 
lemak politaktepu oleh penzahiran bersekali gen desaturases dan elongases yang lain 
dalam hos yang boleh menghasilkan asid lemak tak tepu melalui teknologi rekombinan 
DNA.
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CHAPTER 1 

1 INTRODUCTION 

Fatty acid desaturase enzymes create double bonds between carbon atoms of fatty acyl 
chains to produce mono- or polyunsaturated fatty acids through desaturation reactions. 
The reactions require molecular oxygen with reducing equivalents derived from the 
electron transport systems and usually eliminate two hydrogen atoms at position of the 
double bonds insertion (Shanklin, 2009). The Δ9-fatty acid desaturases are critical 
enzymes of lipid metabolism that introduced the first double bond between number  9
and 10 carbon atoms of stearic acid (C18:0) and palmitic acid (C16:0) to produce oleic 
acid (C18:1) and palmitoleic acid (C16:1), respectively. These are monounsaturated fatty 
acids making-up the key ingredients of of polyunsaturated fatty acids (PUFAs) synthesis 
such as docosahexaenoic acid (DHA, 22:6n-3) and eicosapentaenoic acid (EPA, 20:5n-
3) (Lee et al., 2016; Xue et al., 2016). PUFAs play several biological roles such as
preventing non-alcoholic fatty liver disease (Gormaz et al., 2010; Liu et al., 2011), 
autoimmune responses (Simopoulos, 2008) and other chronic diseases such as 
cardiovascular disease (Superko et al., 2014), cancers (Fasano et al., 2015), and diabetes 
(Zheng et al., 2012).  

1.1 Problem statement  

Many Δ9-fatty acid desaturases have been reported from animals, plants and bacteria. 
However, to date, very limited number of Δ9-fatty acid desaturases was reported from 
Antarctic bacteria. Moreover, several open reading frames (ORF) of Δ9-fatty acid 
desaturases have been sequenced in the genomes of many Antarctic Pseudomonas
species and submitted to public database without any knowledge about their functions. 

1.2 Hypothesis 

The Δ9-fatty acid desaturase of Pseudomonas sp. A3 and Pseudomonas sp. A8 may 
increase the overall unsaturated fatty acid contents of Escherichia coli when they are 
functionally expressed. 
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1.3 Objectives 

The main objectives of this research were to clone and functionally express Δ9-fatty acid 
desaturase from Antarctic bacteria through the following specific objectives:  

1 To screen and identify unsaturated fatty acids producing-Antarctic bacteria. 
2. To clone and express Δ9-fatty acid desaturase gene from the identified 

bacteria. 
3 To predict three dimensional structure of the ∆9-fatty acid desaturase and 

to conduct molecular docking with palmitic acid.     
4. To functionally express the Δ9-fatty acid desaturase in Escherichia coli.  
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