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Molecular Characterization of Rhodotorula mucilaginosa Mutants 

Jackson Kong 

Resource Biotechnology 
Faculty of Resource Science and Technology 

University Malaysia Sarawak 

ABSTRACT 

Natural fossil fuel has been overexploited and is near its depletion. This problem results in the race to find an 
alternative for fossil fuel, one of which is biodiesel. Biodiesel can be produced by chemically mixing alcohol 
and lipids, that can be collected from either plant, animals or microorganism. Among these three, 
microorganisms have the major potential to produce lipids compared to plants and animals because they have 
shorter life cycles and are easy to obtain. Rhodotorula mucilaginosa is one of the potential large lipid producer 
among other microorganisms. In this study, genetic diversity of selected R. mucilaginosa mutants were 
investigated to improve the ability of R. mucilaginosa to produce more lipids. DNA of 23 isolates including 
parental and mutants of R. mucilaginosa were extracted and subjected to Polymerase Chain Reaction (PCR) 
DNA amplification with M-13 as primer then run in agarose gel. About 10 to 14 DNA bands ranging in size 
from about 0.3 kbp to 1.8 kbp were found. The PCR fingerprints were analyzed using PyElph software to check 
genetic distances of parental and mutant strains. By the end of this study, we have identified the genetic 
diversity between parental R. mucilaginosa and selected R. mucilaginosa mutant strains. 

Keywords: Rhodotorula mucilaginosa, Polymerase Chain Reaction, M-13 fingerprinting, mutant strain 

ABSTRAK 

Bahan api fosil telah giat digunakan menyebabkan sumber tersebut berkurangan. Perkara ini telah 
menyebabkan persaingan untuk mendapatkan alternatif untuk bahan api fosil, antaranya ialah biodiesel. 
Biodiesel boleh dihasilkan dengan campuran reaksi kimia alkohol dan lipid. Lipid boleh diperoleh sama ada 
daripada tumbuhan, haiwan atau mikroorganisma. Antara tiga organisma ini, mikroorganisma mempunyai 
potensi untuk menghasilkan lipid berbanding dengan tumbuhan dan haiwans disebabkan mikroorganisma 
mempunyai jangka hidup yang pendek dan senang untuk diperoleh. Rhodotorula mucilaginosa adalah salah 
satu penghasil lipid antara mikroorganisma lain. Dalam penyelidikan ini, kepelbagaian genetik mutan 
R.mucilaginosa telah dikaji untuk meningkatkan keupayaan R, mucilaginosa untuk menghasilkan lebih banyak 
lipid. Sejumlah 23 pencilan DNA R. mucilaginosa termasuk induk dan mutan telah diekstrak dan diarahkan 
dengan Polymerase Chain Reaction (PCR) untuk memperbanyakkan DNA dengan M-13 sebagai primer. 
Sebanyak 10 hingga 14 jalur DNA dengan saiznya dalam linkungan 0.3 kbp hingga 1.8 kbp. Produk PCR telah 
dianalisa dengan menggunakan perisian PyElph untuk membandingkan jarak genetik antara corak induk 
dengan mutan. Pada akhir penyelidikan ini, kita telah mengenalpasti jarak genetik antara jalur induk R. 
mucilaginosa dan mutan R. mucilaginosa yang dipilih. 

Kata kunci: Rhodotorula mucilaginosa, Polymerase Chain Reaction, Analisa corak M-13, corak mutan. 
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CHAPTER 1 

INTRODUCTION 

1.0 Introduction 

With the advancement of biotechnology, characterization of many organism can be done 

within a short amount of time. For example, the discovery of green fluorescent protein (GFP), 

polymerase chain reaction (PCR), and other development in other field of biology have 

helped the advancement of the progress of scientific research (Zaromytidou, 2000). The 

progressing of machine helped the process such as PCR simply less time consuming and 

easy. 

The advancement in molecular biology has provided other new technologies such as 

gene knockout technology, and gene therapy. PCR was introduced in 1980s and it is now 

becoming a tool in biomedical and molecular research. It is sensitive for the detection and 

analysis of low abundance DNA (Robinson et al., 2000). 

With the potential of Rhodotorula mucilaginosa in lipid and carotenoid production, 

it is important to study the molecular differences between R. mucilaginosa mutants and 

parental. In this study, we performed molecular characterization of R. mucilaginosa mutants. 

According to Vicente (2006), molecular characterization or characterization of genetic 

resources is a process in which accessions are identified. It is the detection of variation in 

either DNA sequences or specific genes or modifying factors. This may require the 

application of biochemical assays that detect the differences between isozymes or protein 

profiles, the identification of specific sequences through diverse genomic approaches and 

the application of molecular markers. Molecular characterization provides reliable 

information for assessing, among other factors, the amount of genetic diversity, the structure 

of diversity in samples and populations, rates of genetic divergence among populations and 
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the distribution of diversity in populations found in different locations (Vicente, 2006). By 

conducting molecular characterization of the R. mucilaginosa mutants, we can detennine the 

genetic differences from these mutants to the parental R. mucilaginosa strains. 

1.1 Objectives 

The objectives of this study are to: 

1. Characterize the molecular fingerprints of the selected R. mucilaginosa mutant 

strains. 

11. Compare the genetic relations between the parental and mutant strains of selected R. 

mucilaginosa. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Rhodotorula mucilaginosa 

Rhodotorula species is a common environmental yeast that can be found in soil, air, ocean 

water, lakes, milk, and fruit juice. This species produce pink to red colonies and 

blastoconidia that are unicellular lacking pseudohyphae and hyphae (Wirth & Goldani, 

2012). Some of the Rhodotorula species are R. glutinis, R. minuta, R. mucilaginosa. 

Susceptible patients are easily infected by Rhodotorula sp. as Rhodotorula sp. is an 

opportunistic pathogen. Fungemia caused by Rhodotorula usually associated with central 

catheters in patients with haematologic malignancies. Immunocompetent and 

immunocompromised patients usually been infected on certain body part or organ with 

diseases such as endophthalmitis, onychomycosis, prosthetic joint infections, meningitis, 

and peritonitis (Wirth & Goldani, 2012). 

R. mucilaginosa is commonly found in large variety of foods and beverages such as 

peanuts, cherries, apple cider, fresh fruits, fruit juice, sausages, cheese, crustaceans, and 

edible molluscs (Wirth & Goldani, 2012). It can carry out copper transformation, production 

of biosurfactants, carotenoids and have high yields of unsaturated fatty acids although it is 

one of the opportunistic pathogen for humans and animals (Deligios et al., 2015). R. 

mucilaginosa can utilize the carbon sources such as glucose, sucrose and lactose as food 

resource (Aksu & Eren, 2005). R. mucilaginosa can be cultured in room temperature 

environment (Oh et al., 2009). 
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2.2 Molecular characterization 

Molecular characterization also known as molecular typing or fingerprinting is the 

estimation of the variability within population, definition of specific clonal lineages, 

comparison of similar species from different geographical locations, and the changes within 

the population over time (Pagoto et al., 2005). It is useful to identify the genetic contents of 

a particular organism (Pagotto et al., 2005). The collection of strains in the database can help 

the interpretation of the characterization. DNA identification analysis, identity testing, 

profiling, fingerprinting, typing, or genotyping refers to the characterization of one or more 

relatively rare features of an individual's genome or hereditary makeup. Every living things 

and sexually reproduced plant has a characteristic physical appearance because each 

possesses a unique hereditary composition (Kirby, 1990). There are many ways of analyzing 

phylogenic of the organisms, such as random amplified polymorphic DNA PCR (RAPD) 

analysis, pulsed-filed gel electrophoresis (PFGE), multilocus sequence typing (MLST), and 

analysis of variable of tandem repeats (VNTR). Multilocus enzyme electrophoresis (MLEE) 

also help to identify the phylogenic relationship between different species and within the 

species (Pagotto et al., 2005). This technique is used in forensic DNA analysis because of 

its statistical interpretation results has become more and more reliable with advance 

computer technology (Rudin & Inman, 2001). 
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2.3 Deoxyribonucleic acid (DNA) 

Deoxyribonucleic acid (DNA) is the genetic material in humans and in almost all the living 

organisms (Albert, 2017). The DNA in the cell can be found in mitochondria anltcell nucleus. 

The information of DNA in the form of nucleotides with four different chemical bases, 

adenine (A), thymine (T), cytosine (C), and guanine (G). The bases are attached with a sugar 

molecule and a phosphate molecule. These codes will form a sequence which determine the 

phenotype of the organism (Routh, 2003). Double helix of the DNA as the DNA's winding 

forming the spiral shape (Routh, 2003). The DNA prepare itself during cell replication. It 

unwind, split into two strands of DNA and acts as a template to build two new double 

stranded DNA. In Figure 2.1, the DNA bases will pair up in such a way, A with T and C 

with G by the covalent bond to form base pairs (Alberts, 2017). The phosphate groups in the 

DNA cause it to be negatively charged (Elkins, 2012). 

DNA , NITROGENOUS 
BASES 

' .. • • NH, ·sy", fr) .... . -..._ 
NH p 

• • ·ffl§,!IIIM 
•'I! yM·· 0 ~-" ,,, ... tu'3 • "«} NH rf'J....NH2 

i..r· M l$1H:iie\:F 
~ ... 0 
~ ,--4 '­ .. ◄v-- NH.l,,0 ~ M 11,Nuli,iW 

~ ... t: .. ,,,.,-, % 
·y"· M ETIN 

Figure 2.1. Structure of Deoxyribonucleic acid (DNA) with its respective nitrogenous bases 
(Source: https://www.medicalnewstoday.com/articles/3 l 98 l 8.php ). 
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2.4 Ml3 DNA sequence 

M13 sequence is a bacteriophage vector use to detect a distinct set of hypervariable 

minisatellites in animal and human DNA (Vassart et al., 1987). As shown in Figure 2.2, it is 

a filamentous bacteriophage of Escherichia coli (Kieny et al., 1983). This M13 also been 

improved to carry out mutagenesis such as inserting sequences of DNA, deletions and base 

pair changes (Norrander et al., 1983). The vector contains EcoRI, BamHI Hindlll, Smal, Sall 

and Pstl. New bacteriophage M13mp7 was designed to contain extra unique restriction 

recognition sequences for enzymes EcoRV, Kpml, SstI, Sphl and Xbal (Kieny et al., 1983). 

'pVIII, tJ pill, (/PVI, ~plX,,pVII, : 

• 
Endoglucanase 

Exoglucanase 

B-glucosidase 

Figure 2.2. The structure of Ml 3 bacteriophage with a single-stranded DNA (Source: 
http://201 1.igem.org/ Team:Edinburgh/Phage_Display). 
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2.5 Oleaginous yeast 

The oleaginous yeasts have the ability to accumulate high content oflipids which considered 

as alternatives for biodiesel production (Ratledge & Wynn, 2002). "' 

According to Zheng et al. (2012), microbial production of fatty alcohol was reported 

in Escherichia coli and Saccharomyces cerevisae by introducing fatty acyl-CoA reductase 

(far) gene into the host. In E. coli, the acyl-acyl carrier proteins (acyl-ACP) was generated 

and converted to fatty acid by thioesterase then to fatty acyl-CoA by acyl-CoA ligase and 

then to fatty alcohols by far gene. Type 1 fatty acid synthesis system can be advantageous 

for fatty alcohol synthesis commonly found in mammals and fungi. 

2.6 DNA extraction 

DNA extraction is the separation of proteins and other cellular materials from the DNA 

molecules (Butler, 2009). The DNA extracted when unwind is stabilize by magnesium as 

the DNA is negatively charged. Basically, the DNA extraction have the step which lyse the 

cells, then separate the DNA from other cell components and isolate the DNA (Elkins, 2012). 

The cell membrane can be disrupted by using heat, dithiothreitol (DTT) or detergent. Protein 

such as nuclease can be denatured by heat or using proteinase K. DNA can be separated from 

other organic matter by centrifuging to the bottom of the tube (Elkins, 2012). 
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2. 7 Polymerase Chain Reaction (PCR) 

Polymerase Chain Reaction (PCR) is a method developed by Kary Mullis in the 1980s 

(Rabinow, 2011). It is based on the ability of DNA polymerase to synthesize new DNA 

complementary strand to the template strand. This is Because the DNA polymerase can add 

a nucleotide DNA template strand with the help of primer. At the end of the PCR reaction, 

the target sequence will be accumulated in billions of copies. High temperature is required 

to split the double stranded DNA. Specific primer complementary to, the target sequence is 

used to generate new DNA from the end of the primer with the help of DNA polymerase 

(Rabinow, 2011). 

DNA polymerase is an enzyme that synthesis new strand of DNA that 

complementary to the target sequence. Taq DNA polymerase are commonly used as they are 

heat resistant and can copy high number of DNA (Bartlett & Stirling, 2003 ). 

There are 3 general PCR steps, DNA denaturation, DNA ligation and DNA 

elongation (Figure 2.3). DNA denaturation during PCR is the process of splitting the double 

stranded DNA into two single strands of DNA (Wang et al., 2014). DNA can be denatured 

by heating, sonication and introduction to chemical like dimethyl sulfoxide (DMSO). 

Commonly, DNA is heat to a high temperature causing the hydrogen bonds between two 

strands of DNA to break into two single strands that will act as templates for new strands of 

DNA. DMSO enables the lowering of the melting temperature of the DNA so that DNA is 

easy to denature. The sonication usually used to do fragmentation of DNA. (Wang et al., 

2014). 

DNA ligation occur when the DNA fragments bind with the template complementary 

DNA strand (Wang et al., 2014). The renaturation of DNA can achieve by adding 

hybridization buffer. Primer is added and attached to specific location on the templates DNA 
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strands by hydrogen bonding. According to Wang et al. (2014), the primers are a single 

strand of DNA designed to be complementary to the targeted DNA sequences that need to 

be copied. The primers act as a starting point for DNA elongation. 

~ 
During DNA elongation, the reaction is heated to enable DNA polymerase to add a 

new DNA bases. Usually the DNA polymerase used is Thermus aquaticus (Taq) DNA 

polymerase enzyme which is stable at high temperature. The optimum temperature for Taq 

DNA polymerase is about 72 C (Gelfand, 1989). According to Steitz (1999), the Taq 

polymerase is one of the DNA polymerase I. It attached to primer and start catalyzing 

exonuclease reaction from 5' to 3' direction. This will result a new double stranded DNA 

formed. The process will be repeated and the new DNA strands will also serve as templates 

for PCR reaction. This result a large copies of specific DNA sequence in a short time. 

nucleotide S' 
I •--- ./"3• s 3 n h)'drogen ~ - bond a 

s' DIDI 3° ,, " s·---■3' 0 Denaturation 3' s' . ........... ...... :, 3··--- 5' .,"=» oNAprimer ", z 3 

0 Annealirlg 

original ONA 
to be replicated 

0 Elongation 

~ 
.,,,,.,,,,, 

I - 3' ........... 
S' 

'- " 
0 1, ... 
0 0 
0 0 - ~ - i 

,/" ........... 
3' .,,,,...,,, 

.......... 

Figure 2.3. The basic concept of PCR with the basic steps, denaturation, annealing and 
elongation (Source: https://www.quora.com/What-is-the-main-function-of­ 
primers-in-PCR). 
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