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ABSTRACT 

Cerrena unicolor mainly belonging to the family of Polyporaceae (Basidiomycetes) was studied in terms of its 
ability to produce ligninolytic enzyme and also expression of manganese peroxidase gene under different 
growth condition. A comparative study on the production of manganese peroxidase was carried out by using oil 
palm empty fruit brunch (OPEB), rice husk and sago waste. The growth conditions were varied by using liquid 
media containing high and low nitrogen, while Iignocelluloses were used as the carbon source. MnP enzyme 
activity was detected the highest in low nitrogen condition on day 15 in sago waste, recoded as 0.039 U/m!. The 
total RNA was extracted from the highest MnP production between two different conditions of growth culture. 
Low total amount of RNA extracted was detected and quantified. RT -PCR was used as tool to estimate and 
analyze the transcriptions level of mnp genes. 

Key words: Cerrena unicoior, RNA, mnp, High nitrogen, low nitrogen, RT -PCR 

ABSTRAK 

Cerrena unicoI or berasal daripada keluarga Polyporaceae (Basidiomyta) telah dikaji dalam keupayaannya 
untuk menghasilkan enzim ligninolytic dan juga ekspressi gen mnp pada keadaan nutrisi yang berbeza. Kajian 
perbandingan di daiam penghasilan enzim manganese peroksida teiah dijaiankan dengan menggunakan 
OPEFB, sekam padi dan ham pas sagu. Keadaan nutrisi pertumbuhan yang berbeza dengan penggunaan media 

cecair yang mengandungi tahap nitrogen yang rendah dan tinggi, mana kala lignoselulosa digunakan sebagai 
sumber karbon. Penghasilan enzim MnP yang tertinggi ialah pada tahap nitrogen yang rendah iaitu pada hari 
ke 15 menggunakan hampas sagu sebagai substrat iaitu, 0.039 Ulml. Jumlah RNA diekstrak dari penghasilan 
enzim MnP yang tertinggi diantara dua keadaan nutrisi pertumbuhan yang berbeza. Jumlah penghasilan RNA 
diekstrak adalah rendah telah dikenal pasti dan dikira. RT-PCR digunakan untuk menganalisa dan menganggar 
tahap transkripsi gen mnp. 

Kala kunci: Cerrena unicolor. RNA, mnp nitrogen linggi, nitrogen rendah. RT-PCR 
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CHAPTER 1: INTRODUCTION 


White rot fungi comes from the species of basidiomycetes are expert at digesting and 

decomposing nutrient sources not available to many other organisms. White rot fungi cause 

white rot decay in wood where its biological function is as an oxidative lignin degradation in 

rotting wood. They have been chosen as the experimental model because they can be grown 

on various substrate and able to produce large amount of extracellular enzyme such as laccase 

and peroxidase. The white rot fungi used for this study is Cerrena unicolor. There are three 

types of enzyme produced which are lignin peroxidase, manganese peroxidase and laccase. 

Lignin peroxidase (LiP) and manganese peroxidase (MnP) are group heme-containing 

proteins and has structurally related genes. Compared with other lignolytic fungus, molecular 

biology of lignin degradation by Phanerochaete chrysoporium was mainly determined 

because P. chrysoporium is much better characterized on the two lignin modifying 

extracellular peroxidases, lignin peroxidise (LiP, EC 1.1 1.1.14) and manganese peroxidase 

(MnP, EC 1.11.1.13), were first isolated from this fungus. 

The main focus on this study was targeted on manganese peroxidase gene from locally 

isolated white rot basidiomycetes, Cerrena unicolor. The utilization of lignocelluloses as the 

carbon source and growth nutrient on the fungus was to induce the production of enzyme. 

Enzymatic reaction was carried out in order to detect on which days the enzyme production is 

the highest. Manganese regulations of gene transcription were studied at the molecular level 

by isolating the RNA. The studies on mnp gene regulation were conducted by the synthesis of 

complementary DNA from the unstable, single stranded mRNA as the template for the in 

vitro synthesis of very stable cDNA molecules. 

In this study, RT-PCR was used as tool to analyze and investigate mnp gene expression 

even though R T -PCR is very sensitive method for the detection mRNA expression. 
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Moreover, mRNA isolation from the fungus is not easy to be done due to high content of 

polyphenolic compounds which causing difficulties to get a clean separation and bands. Thus, 

different methods of isolation are performed to get a very good quality and yield of RNA. 

RT-PCR is used in converting the mRNA to more stable form cDNA. Other than that, RT

PCR also is used to quantitate the levels of the transcripts by comparing it against a control, 

which is on housekeeping gene act as the internal reference. 

Overall, the main objectives of the study are: 

1. 	 To identify highly expressing manganese peroxidase cDNA of locally isolated white 

rot fungi in different substrate and conditions. 

2. 	 To study mnp gene regulations at the molecular level after the induction in different 

substrate and growth condition on highly expressed enzyme production. 

3. 	 To investigate mnp gene encoding for ligninolytic enzyme in particular MnP by 

ultilizing RT-PCR. 
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CHAPTER 2 


LITERA TURE REVIEW 


2.1 White Rot Basidiomycetes Fungi 

White rot fungi have lignin degrading enzymes which assist in degrading lignins when 

used as carbon sources. With it's capabilities for degrading lignin, white rot fungi and its 

degrading enzyme has been studied intensively for biotechnological applications such as 

biobleaching (Takano et al., 2001) and biodecolorization (Dias et al., 2003) and 

bioremediation (Beltz et al., 2001). The most widely studied white rot fungi is Phanerochaete 

chrysoporium, while others are Pleurotus ostreatus (Kamitsuji et al., 2004) and Trametes 

versicolor (Johansson et al., 2002). The lignin degrading enzymes secreted by the fungi are 

lignin peroxidase (Ee 1.11.1.14), manganese peroxidase (Ee 1.11.1.13) and laccase (Ee 

1.10.3.2). These extracellular enzymes are formed in secondary metabolism and have been 

isolated from various white-rot basidiomycetes, such as Trametes (Corio Ius) versicolor and 

Phanerochaete chrysoporium. (Tomas et al., 2002). 

2.2 Manganese Peroxidase, MnP 

Manganese peroxidase oxidizes phenolic compounds in the presence of H20 2 and 

manganese. A sufficient amount of Mn2+ in the culture is required for MnP production, where 

this ion help to regulates MnP expression at the transcriptional level in several fungi 

(Martinez et al., 2002). Manganese peroxidase is considered one of the key enzymes involved 

in lignin degradation caused by white rot fungi. MnP oxidizes Mn2+ to Mn3+ in a H20 2

dependent reaction (Hakala et al., 2006). MnPs in white-rot fungi also have conserved amino 
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acid sequences for metal binding regions, and the nucleotide sequences in those regions can 

be used as the peR primers for gene cloning (Kim et al., 2003; Kim et al., 2005). 

2.3 Cerrena unicolor 

Cerrena is from an Italian fungus, unicolor means "of one color." comes from 

Basidiomycetes family of Polyporaceae (Gary Emberger, 2008). The laccase activity of 

Cerrena unicolor is known to vary by growing conditions season, temperature, etc. Based on 

the previous studies done, purifications of Cerrena unicolor able to produced lacccase 

homogenously in a very active state (Kim et al., 2002). In the previous study, Cerrena 

unicolor produced high laccase activity after 10 days of submerged fermentation of mandarin 

peelings. It has been said that Cerrena is one of the fungi that is able to accumulated high 

levels of laccase and a promising producer of MnP in both synthetic and complex media as 

well (Elisashvili et al. 2009). 

2.4 Effect of lignocelluloses as substrate 

Lignocelluloses wastes refers to plant biomass waste often used in fermentation 

processes, it is because these materials are mainly composed of three groups of polymers, 

namely cellulose, hemicellulose, and lignin (Figure 1) (Mussatto and Teixeira, 2010). A 

variety of lignocelluloses are grouped into different categories such as wood residues 

(including sawdust and paper mill discards), grasses, waste paper, agricultural residues 

(including straw, stover, peelings, cobs, stalks, nutshells, non food seeds, bagasse, domestic 

wastes (lignocellulose garbage and sewage), food industry residues, municipal solid wastes 

and the like (Qi et aI., 2005; Roig et aI., 2006; Rodriguez et al., 2008). Lignocellulose wastes 
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are mounting up every year In large quantities, causing environmental problems. During 

fermentation, lignocellulose producing lignocellulolytic enzymes, more specifically 

cellulases and xylanases, have been produced by SSF on various agricultural residues 

(Couto,2008). 

LIGNIN 

HEMICELLULOSE 

Figure 1: Representation of lignocellulose structure showing cellulose, hemicellulose 

and lignin fractions . 

Various laboratory tests have been used to evaluate white rot fungi on their ability to 

delignify wood (Mohebby, 2003). The white rot fungi degrade wood by removing cellulose, 

hemi cellulose and lignin more or less simultaneously. 'Selective delignification' 

characteristics of several white rot fungi have causing wood decay and this characteristic is 

associated with lignin degrading fungi in industrial potential such as biopulping, biobleaching 

and so on. Selective delignification, sparsely distributed throughout the wood, and a 

simultaneous rot resulting in the removal of all cell wall components (Metla Terho, 2007). 

Inhibition mechanisms used by selective white-rot fungi caused oxidative degradation of 

polysaccharides by wood rotting basidiomycetes (Fackler et at., 2007). The fungus used its 

hyphae to attack the wood cells and lie along the lumen walls where they secrete the enzyme 

to depolymerize the hemi-cellulose, cellulose and fragmentation lignin (Kirk and Dan Cullen, 

2005). 
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2.5 Influences of nitrogen on manganese production 

The white rot fungi, such as P. chrysosporium, secrete ligninolytic enzymes only after the 

exhaustion of all nitrogen or carbon sources in the culture medium (Fujihara et 01., 2010). 

Nitrogen limitation induces lignin peroxidase and manganese peroxidase enzyme activity 

during decoloration by P. chrysosporium (Spadaro et 01., 1992) and also Trametes versicolor 

(Swamy et 01., 1998). White rot fungi are also capable of producing ligninolytic enzymes 

only when a nitrogen-limited medium was used (Podgornik et 01., 2001; Rogalski et 01., 

2006; Singh and Chen, 2008). 

2.6 Reverse-Transcriptase Polymerase Chain Reaction 

RT-PCR (reverse transcription polymerase chain reaction) is a highly sensitive method for 

the conversion of RNA to DNA and subsequent amplification of the DNA that has been 

reversely transcribed. The main goal of RT-PCR is to determine the RT-CPR product, to 

compare the levels of mRNA in different sample populations, characterize patterns of mRNA 

expression, to discriminate between closely related mRNAs and to analyze RNA structure. 

RT -PCR exponentially amplifies small amounts of nucleic acid. This sensitivity enables the 

detection of rare mRNAs, mRNAs from small amounts of tissue, and mRNAs that are 

expressed in mixed cell populations (Schmittgen et 01., 2000). RT-PCR also performed by 

using housekeeping gene (Figure 2) as the internal references as for the assessment of RNA 

and cDNA quality (Vandesompele et 01.,2002). 
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CHAPTER 3 

MATERIALS AND METHOD 

3.1 Fungus inoculation 

... 


White rot fungus, Cerrena unicolor was maintained on malt extract agar (DIFCO) for a week. 

Then, the fungus plague (1 cm 2) was cut out from the agar and transferred into 100 ml malt 

extract liquid and incubated for about a week. 

3.2 Fungus culture conditions 

After a week, the fungus was harvested and homogenized using a blender in order to prepared 

the inoculums. The flasks containing 5 g of lignocelluloses (Oil Palm Empty Fruit Brunches, 

rice husk, and sago waste) were inoculated with 10% (v/v) ofthe homogenized mycelium and 

grown as the pre-culture for 5 days. Later, the fungus were cultivated in submerged condition 

containing low nitrogen (2.0 mM), LN-AS medium, 240 11M MnS04 and 0.1 % of Tween 20 

supplemented with 5 g (dry weight) of either sago waste, OPEFB or rice husk as carbon 

source. Each culture flasks contained liquid media with a total volume of 75 ml and incubated 

at 28°C for 5, 10, 15 and 20 days with conical flasks covered using aluminium foil to prevent 

contamination. Before that, each of the lignocelluloses was shredded and grinded, and then 

was subjected to a sieving procedure followed by autoclaving at 121°C. As for the control, 

the carbon source was replaced with glucose instead of lignocelluloses and without the 

growth nutrient. The experiments were repeated in a similar way as on the high nitrogen 

(20mM), HN-AS medium. 
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3.3 Enzymatic assay 

3.3.1 Manganase peroxidase 

The fungus culture that was grown on 5, 10, 15 and 20 days, respectively was harvested in 

order to perfonn MnP enzyme assay. The fungus was filtered and separated from the 

lignocelluloses and crude enzyme. Each of the crude enzymes obtained was centrifuged 

before use. According to the previous study (Hakala et al., 2006), MnP activity is detennined 

by using spectrophotometer at 468 nm by the formation of Mn3 
+-malonate complex at pH 4.5 

in the reaction mixture contains 2.5 ml of 20 mM sodium tartarate buffer at pH 4.5, 1.0 ml of 

1 mM MnS04, 1.0 ml of 1.0 mM 2, 6- dimethoxyphenol (2,6-DMP), 1.0 ml enzyme extract 

and 0.5 m) of2 mM H202. The reaction was started by adding H202. One unit (U) of enzyme 

activity is defined as the amount of MnP that oxidizes 1 j.tmol of 2,6-DMP per minute. An 

extinction coefficient of 49 600 M-I cm- I for Mn3 
+-tartrate complex was used for calculation 

of enzyme turnover number. 

3.3.2 Data Analysis 

One unit activity represents the amount of enzyme oxidizing 1 micromole of substrate per 

minute. Calculation of enzyme activity was according to the standard fonnulation as below: 

F
minuteEnzyme activity, U/ml 

Culture volumes 

Where F = factor liE x TV/SV x lid x 1110-6 

E = Extinction coefficient of each enzyme 
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TV total volume of solution in cuvette (ml) 

SV = sample volume in solution (ml) 

d Light path (cm) 

3.4 Nucleic acid isolation 

After performing the assays for all batch cultures, the mycelial mats were harvested for RNA 

isolation on high activity of enzyme of growth cultures on OPEFB, rice husk and sago 

wastes, respectively. They were then were filtered and frozen to -80°C, and the total RNA 

were extracted by using different methods in order to optimized the extraction of total RNA 

produced. One of the method is such as using N-cetyl-N,N,Ntrimethyl- ammonium bromide 

(CT AB)-based buffer (Hilden et al., 2005) and STE method (Shui et al., 2008). 

Table 1: CTAB Buffer composition 

100 ml 

CTAB (Cetyl Trimethyl Ammonium Bromide) 2% 2g 

NaCI 2M 11.68 g 

0.5 M EDT A, pH 8.0 20mM 4mI 

1 M TRIS, pH 8.0 JOOmM lOmI 

PoIyvinyIpyrolidone (PVP) 2% 2g 

Ultrapure water Add to 100 mI 

*1 % of beta-mercapethanol was added to the buffer before using it. 
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Frozen samples were ground in liquid nitrogen. Total RNA was extracted using RNA 

extraction buffer (Table 1). The CTAB buffer was pre-heated to 65°C before use. The 

samples were transferred into 1.5 ml Eppendorf tube containing 500 JlI of CTAB buffer and 

500 Jll of chloroform: isoamyl alcohol (24: 1). The total solutions inside the tube were 

vortexes in 1 minute and centrifuged at 13000 rpm for about 15 minutes. Later, the upper 

phase of the aqueous phase was transferred into the fresh tube and again chloroforms: 

isoamyl alcohol (24:1) was added to the solution. Supernatant was transferred into another 

new Eppendorf tube and equal volume of (1 : I) isopropanol was added into it. The solutions 

were briefly vortexed and centrifuged at 12000 rpm for 10 minutes, and then the isopropanol 

was discarded. The pellet was then washed with 500 JlI of 70% absolute ethanol, centrifuged 

for 5 minutes by 9000 rpm to recover RNA pellet, the ethanol was decanted and the pellet left 

air dried for about 10 minutes. Lastly, the total RNA was dissolved in 50 JlI DEPC- ddH20. 

Another method was done by using STE method. In this method, 500 Jll of extraction 

buffer (0.1 M Tris-HCl (pH 8.0), 2 mM EDTA (pH 8.0), 0.2 M NaCl and 1% SDS) and an 

equal volume of PCl (Phenol/chloroform/isoamyl alcohol (25:24:1)) was added. Later, the 

supernatant was transferred into another new tube and PCl was added again. As for the 

precipitation, 1110 volume of sodium acetate (pH 5.5) and 2.5 volume ethanol were added. It 

was kept for overnight at -20°e. The pellet was washed using 70% ethanol and air dried 

before resuspended in DEPC treated water. 

3.5 Agarose Gel Electrophoresis 

One percent of (w/v) agarose gel added with 1 JlI of ethidium bromide was prepared and the 

extracted RNA samples were analyzed using gel electrophoresis. Each 4JlI samples of RNA 

was mixed with 2Jll of 6X gel loading dye before loaded into agarose gel which was 

submerged in T AE buffer. RNA bands were then visualized and analyzed using GEL

II 
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Documentation System (Bio-Rads, USA). Appearance of band at the predicted size of fungal 

RNA marked by the RNA marker ladder (Fermentas) indicating successful total RNA 

extractions. 

3.6 Quantitation and purification of RNA 

The total RNA extracted was quantified by measuring it using spectrophotometer at the 

absorbance with wavelength of 230 nm (A23o), 260 nm (A26o) and 280 nm (A2so). The 

readings measured the RNA concentration and ratio between the absorbance values at 260 

and 280 nm to gives an estimated value of RNA purity. Approximately, 1 0 ~l of RNA was 

diluted with 990 ~l DEPC treated water in clean glass cuvette. When measuring RNA 

samples, be certain that cuvettes are RNase-free. This can be accomplished by washing the 

cuvettes used with O.IM NaOH, I mM EDTA followed by washing with RNase-free water. 

The quantified RNA was purified with DNase} (RNase-free) kit according to the protocol 

provided by the manufacturer. 

3.7 First strand cDNA synthesis and RT-peR 

After the RNA was quantified, 1 0 ~g of RNA was transferred to 0.5 ml microcentrifuge tube 

for purification step. The RNA was purified using DNasel (RNase-free) kit provided. An 

amount of 10 ~g of RNA was resuspended in IX DNase I Reaction Buffer to a final volume 

of 1 00 ~l. Along with the additions of 2 units of DNase I, the reaction mixture was mixed 

thoroughly and incubated at 37°C for 10 minutes. Then, the mixture was heat inactivated at 

75°C for 10 minutes. The total reaction mixture was then mixed with absolute ethanol and 

centrifuged for about 15 minutes to obtain the pellet. The supernatant was discarded and the 

pellet obtained was dissolved in DEPC treated water before further use to make the first 

strand of cDNA synthesis. The first cDNA strain produced was synthesized according to the 
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manufacturer's instructions. Then, the Reverse-Transcription reaction was performed 

according to the Vivantis product protocol. RT-PCR approach is used after the induction of 

the fungi in nitrogen limited and high conditions and to study the effect of lignocelluloses on 

the expression of mnp genes. 

Table 2: Gene specific primer sequences 

I Primer Sequences 
Annealing 

temperature 

mnp 1 (forward) 

mnp 1 (reverse) 

5' - CCG ACG GCA CCC GCG TCA GC - 3' 

5'- CGA GCG GGA GCG GCG ACG CC - 3' 
60°C 

elf(forward) 

elf (reverse) 

5' ATTGGAAACGGA TATGCTCCA-3' 

5' - TCC TTA CCT GAG CGC CTG TCA 3' 
55°C 

For the first strand of cDNA synthesis, the RNA-primer mixture was prepared first in a 0.2 

ml microcentrifuge tube, 10 Ilg of total RNA was mixed with ] III of oligo-d(T), 10 mM 

dNTPs mix and the mixture was added with nuclease free water until total solution of 10 Ill. 

All the mixture was incubated at 65°C for 5 minutes and chilled on ice for 2 minutes. The 

mixture was briefly spun down before 10 III cDNA synthesis mixtures were prepared in the 

order indicated in Table 3. 

Table 3: cDNA synthesis mix 

Component Volume 

lOX Buffer M- MuLV 2 )11 

M-MuL V Reverse Transcriptase 100 unit 

Nuclease-free water Top up to 10 )11 

13 
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The 1O~1 of the cDNA mixture was added into each RNA-primer mixture and gently mixed 

and centrifuged. The tubes were then incubated at 85°C for 5 minutes and ehilled on ice. The 

synthesized eDNA was then used directly in PCR with addition of 1-2~1 of the eDNA 

reaction mixture to a 25~1 PCR reaction. Sets of primer (Table 2) were used to identify the 

size of transcripts of mnp gene. A transcription of mRNA corresponding to elf was examined 

as the housekeeping gene. The mnp transcripts level was compared with the level of elf 

transcript. 

The PCR conditions are as follows with pre-denaturation at 94°C for 2 minutes 

followed by 30 cycles of denaturation at 94 °c for 30 s, annealing at 60°C for 30 sand 

elongation at 72°C for 30 s, and a final elongation at 72°C for 7 minutes. The amplified 

fragments were run in 1% agarose gels and viewed to verify the specificity of the amplified 

products. 
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CHAPTER 4 

RESULT AND DISCUSSION 

4.1 Fungus inoculation and enrichment 

4.1.1 Malt Extract Agar 

Cerrena unicolor was grown in solid media for cultivation and maintenance, since the 

fungi need to keep in the longer period of time. The fungus was kept inside the incubator with 

the temperature of 27°C for about a week. Malt extract agar media was chosen because it's 

contained a source of carbon, nitrogen and vitamins for the fungus to grow (Pitt, 2000). 

Besides it is also a good growth medium as well as for soil fungi, fungi isolated from wood, 

basidiomycetes, etc. The fungus also can be kept in 4°C for a longer period of time. Figure 3 

show Cerrena unicolor grown on MEA. The fungus was periodically sub-cultured in order to 

make sure that the pure culture was free from contamination. 

Figure 3: Cerrena unicolor grow on MEA 
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4.1.2 Malt Extract Liquid Medium 

As for the enrichment, the fungus was grown chemically defined malt extract (Oxoid) 

liquid culture and maintained unshaken for about 10 to 14 days. Several Basidiomycetes 

require a source of organic nitrogen as they cannot utilize nitrate or ammonium as their sole 

nitrogen source (Deacon, 2006). According to the manufacturer, malt extract broth provides 

the carbon, protein, and nutrient sources required for growth of microorganisms including 

fungi. The acidic pH of the media allows for the optimal growth of molds and yeasts while 

restricting bacterial growth. 

The fungus was grown in ME liquid media (Figure 4) for the inoculums. Then, was 

homogenized using Waring blender to prepare the inoculums and besides that it is to make 

sure that the amount of the fungus grown on the lignocelluloses were equals as others. This is 

the most crucial part because based on the trials that has been made, the fungus that grown on 

non-sterile condition would not grow, the contaminants were observed grown on the cultures 

(eg, bacteria). 

Figure 4: Cerrena unicolor grow in 100 ml ME liquid media. 
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4.2 Manganese peroxidase enzyme activities 

4.2.1 Effect of lignocelluloses in manganese peroxidase production 

The fungus, C. unicolor has shown that it has the ability to grown on different types of 

lignocelluloses which were used as the substrate (OPEFB, rice husk, sago waste). Two types 

conditions (high and low nitrogen) have been applied in order to investigate the production of 

MnP enzyme. The cultures were supplemented with MnS04 because MnP enzyme activity 

was negligible without Mn2+ according to the previous study done by Hakala et. al 2006. In 

order to induce the production of MnP, 240 11M of Mn2+ was used, while different type of 

lignocelluloses were used as the carbon source. The Mn2+ was added in the presence of 1% 

Tween 20 to enable the uptake of Mn2+ by the fungus , which produces a hydrophobic surface. 

Addition of Tween 20 alone did not affect gene expression (Cohen et al., 2002). The result 

obtained shows that the production of MnP was different among the types of lignocelluloses 

and nitrogen condition. 

Figure 5: Cerrena unicolor inoculums grow on sago waste (pre-culture). 
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