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Isolation Of Nitrate Reductase Gene In Sago Palm Via Polymerase Chain Reaction 
Using Gene-Specific Primers 

Fatimah Binti Elie 

Resource Biotechnology 

Faculty of Resource Science and Technology 


University Malaysia Sarawak (UNIMAS) 


ABSTRACT 

The reduction of nitrate to nitrite catalyzed by nitrate reductase (NR) enzyme is considered to 
be the rate-limiting and regulated step of nitrate assimilation, a major metabolic pathway 
occurri ng in a wide range of organisms which in turn supply the nutritional nitrogen 
requirements for other forms of life. An attempt to identify and clone the gene which encodes 
for nitrate reductase enzyme in sago palm was carried out in this study. The mini-prep 
extraction of total genomic DNA from sago using eTAB method produced a satisfactory result 
whereby fine bands were observed on 1 % agarose gel electrophoresis. Isolated DNA was 
subjected to peR amplification using 2 sets of general NR primers. Due to the non-specificity 
of the primers used, the first trial of peR amplification produced multiple bands. However this 
has been overcome by increasing the annealing temperature of the reaction. The fragments were 
excised from gel, then cloned into pGEM-T vector and subsequently transformed into E. coli 
JMI09. Selected white colonies obtained from the Luria Broth Agar plates were analysed to 
detect the presence of inserted DNA fragments. However restriction enzyme digestion of the 
plasmid failed to detect the presence of inserted fragment. 

Keywords: Nitrate reductase, nitrate assimilation, eTAB, peR 

ABSTRAK 

Penurunan nitrate kepada nitrite yang dikatalisis oleh enzim nitrate reductase merupakan 
langkah yang terhad-kadar dan terkawal dalam penyerapan nitrate, iaitu proses metabolik 
yang berlaku dalam kebanyakan organ ism a untuk membekalkan keperluan nitrogen. Percubaan 
untuk mengesan dan mengklonkan gen yang mengkodkan enzim nitrate reductase dalam pokok 
sagu telah dijalankan dalam kajian ini. Pengekstrakan mini DNA genomik dari pokok sagu 
menggzmakan teknik CTAB telah menghasilkan jalur DNA yang jelas setelah dilihat melalui 
1% elektroJoresis gel agarose. DNA tersebut kemudian disertakan dalam proses PCR dengan 
menggullakan 2 set primer nitrate reductase yang umum. Disebabkan oleh ketidak spesifikkan 
primer tersebut, percubaan pert ama untuk proses PCR telah menghasilkan banyak Jragmen. 
Walau bagaimanapun, masalah ini dapat diatasi dengan meningkatkan suhu annealing. 
Fragmen PCR tersebut diekstrak daripada gel, kemudian diklonkan ke dalam vektor pGEM-T 
dan selerusnya ditransJomasikan ke dalam E. coli JM109. Koloni putih pada plate Agar Luria 
Broth kemudiannya dipilih dan dianalisis bagi mengesan kehadiran Jragmen DNA yang telah 
dimasukkan .. Walaubagaimanapun pemotongan plasmid menggunakan enzim pemotong gagal 
mengesan kehadiran Jragmen yang dimasukkan. 

Kaw kunci: Nitrate reductase, penyerapan nitrate, CTAB, peR 



1.0 INTRODUCTION 


Nitrate is a major source of nitrogen for higher plants, algae, fungi, yeast, and 

bacteria, besides ammonium and atmospheric nitrogen. However, in addition to 

supporting faster growth, nitrate application also leads to major changes in the 

metabolism, growth and phenology of the higher plants (Kruger et aI., 1999). These 

include an increased capacity for nitrate uptake and assimilation, increased levels of 

amino acids and proteins, accumulation of malate, decreased starch, altered levels of 

phytohormones, decreased rates of root growth relative to shoots growth, and a delay of 

tuberisation and flowering (Kruger et aI., 1999). These far-reaching changes imply that 

nitrate or metabolites that are derived from nitrate assimilation are acting as signals to 

regulate many facets of plant metabolism and growth. 

Nitrate is converted by nitrate assimilating enzymes to ammOnIa as an end

product and incorporated into ammo acids such as glutamate and glutamine. 

Assimilatory nitrate reductase (NR) catalyzes the initial step of reducing nitrate to 

nitrite and is considered to be the rate limiting step in nitrate assimilation (Solomonson 

and Barber, 1990). Phototrophic eukaryotes contain NAD(P)H NR, which transfers two 

electrons from NAD(P)H to nitrate. NR is a multicentered protein containing the three 

redox prosthetic groups: molybdopterin, heme, and FAD (Song and Ward, 2004). 

According to Song and Ward (2004), the synthesis and the activation of NR are 

typically regulated by light, carbon metabolism, and nitrogen sources. Genetic analysis 

ofNR genes showed that gene expression was primarily regulated at the transcriptional 

level (Song and Ward, 2004). In higher plants and fungi, NR transcription is induced by 
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nitrate and repressed by ammonia (Solomonson and Barber, 1990). It also has been 

shown that activation ofNR was regulated by light and darkness. 

NR genes have been cloned from various higher plants, fungi, yeast, and algae 

and their evolutionary relationships have been investigated (Stolz and Basu, 2002). The 

cloning method typically involves isolating of genomic DNA, fragmenting a desired 

gene by breaking down the DNA into manageable pieces, a process normally 

accomplished by DNA cleaving enzymes or restriction endonucleases, then combining 

genomic DNA with a vector (plasmid, lambda, or cosmid) followed by introducing the 

recombinant molecule into a host where it is replicated (Burden and Whitney, 1995). 

This NR gene study was conducted on sago (Metroxylon sagu), a fresh water 

swamp inhabiting palm. This plant has been widely studied from its agronomic and 

industrial point of view, especially for the purpose of production of starch. Potential 

applications of starch from sago include its use as raw materials in the food industry, as 

well as in other industries such as paper, textiles, plastic, and in the manufacture of 

adhesive, glucose, alcohol and other product. Sago produce a higher yield of starch per 

hacte compared to other sources of starch. In Sarawak, production of starch from sago 

has become an important industry and contributes a significant income for the state. 

Currently, there is no information available for NR genes in sago palm, although 

important biochemical and physiological characteristics of nitrate reduction and 

assimilation in other plants are well known. Besides, the genomic sequences of nitrate 

reductase genes are only now becoming available (Miflin and Lea, 1990). 

Because of such potential in sago and the important of nitrogen as a potentially 

h iting nutrient, it is important to understand nitrogen metabolism in sago palm 
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(Metroxylon sagu). This report describes the isolation and cloning of nitrate reductase 

gene from sago, which include the isolation genomic DNA, peR amplification, and 

cloning of the peR fragment. This study is conducted in order to isolate and purify sago 

palm genomic DNA and later characterize the nitrate reductase gene through peR 

technique using degenerate NR primers. 
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2.0 LITERATURE REVIEW 

2.1 Sago palm (Metroxylon sagu) 

Sago (Metroxylon sagu), a fresh water swamp inhabiting palm, has been widely 

studied for its potential in the production of starch which is used as a raw material 

mainly in the food industry. In its natural habitat, sago palm covers a million hectares 

that stretch over South East Asia and Oceania, particularly in Papua New Guinea, 

Indonesia, Malaysia, Thailand and Philippines (Flach; 1984). Sago starch is a 

commodity with a growing market. According to Flach (1984), sago starch has several 

advantage compared to other sources of starch: 

I. 	 it produces sizing pastes of lower viscosity at a given concentration than such 

pastes from maize and potato. 

ii. 	 sago pastes are less inclined to gelate at low temperature than maize pastes, and 

are easier to handle. 

iii. 	 sago pastes show low retrogradation; their viscosity is high when kept for long 

periods at near boiling point, provided they are boiled for two hours before use. 

From an agronomic point of view, the sago palm is rather important because: 

I. 	 the palm grows well in swampy areas which can only developed for other crops 

at high costs. 

ii. 	 the crop is a perennial and suitable for humid tropical lowlands where 

permanent cropping of annuals without irrigation is still an unsolved problem. 

iii. 	 in the production of food, the sago palm produce more yields compare to any 

other crops. 
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In addition to its traditional use as food and in industry, growth is to be expected in its 

use as a feedstock for the production of high fructose syrup (Flach, 1984). Moreover, 

there may be potential for its development as a feedstock for the production of ethanol 

which can be used as biofuel. Other potential uses of sago are summarized in the chart 

below. 

production 
of si ngle 
cell protein 

for human 
foo d products 
ego In bread 

Sago palm 

in animal 
feed as a biodegradabl 

fi.l ter plastics 

Figure I: The innumerable uses of the sago palm. 

(F1ach. 19 84) 
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2.2 Nitrate reductase 

Proteins are required in p ~ants for growth and these molecules are made of 

nitrogen among other elements. So when plants are continuously growing, nitrogen IS 

required at different stages. Although nitrogen-fixing plants (such as legumes in 

symbiosis with certain bacteria) can obtain part of their nitrogen from atmospheric N2, 

most plants are totally dependent on soil nitrogen, usually in the form of nitrate, although 

some are capable of taking up ammonium, if present (Pike et aI., 2002). Once the root 

takes up nitrogen, there must be some mechanisms to transform it into an organic 

molecule. Reduction reactions allow the nitrate molecule to be converted into an 

ammonium molecule and able to be incorporated into an amino acid molecule. 

Nitrate is converted in two-step reactions, first to nitrite and then to ammonium, 

which is then incorporated into amino acids and ultimately into the whole range of 

nitrogen containing compounds. This process requires nitrate-assimilating enzymes to 

catalyses the reactions that called nitrate reductase (NR) and nitrite reductase (NiR) 

(Pike et aI., 2002). 

(1) nitrate reductase: N~- + NAD(P)H + W - .N02- + NAD(P)+ + H20 

(2) nitrite reductase: NQz- + 6 ferredoxinreduced + 8 W -·~NH/ + 6 ferredoxinoxidized + 2 H20 

Assimilatory nitrate reductase, which catalyzes the initial step of reduction nitrate to 

nitrite, considered to be the rate-limiting step in nitrate assimilation. This enzyme is a 

cytoplasmic enzyme which is usually found in both roots and shoots. According to 

Pike et al., (2002) NR exists as homodimers and homotetramers of:::::: 100- 110 kDa 

units. It is a muIticentered protein containing three redox prosthetic groups or 
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cofactor: FAD, heme, and molybdopterin (Song and Ward, 2004). Electrons are 

transferred from the nicotinamide coenzyme to FAD, then to iron-heme, and finally to a 

molybdenum-pterin cofactor, which reduces the nitrate (Pike et ai., 2002). These three 

functional domains are separated by protease-sensitive hinge region. Figure 2 shows the 

structure of nitrate reductase. 

CcR 

MC-NR Cb CbR 

~ ~ ® 

NitrateN~~~~-;~}-C reductase (NR) 

N

0) 
N-terminus 

Acidic N·terminal region 

o Hinge 2 

CbR Cytochrome b reduc1ase fragment ofNR 

- C Cote rminus Cb Cytochrome b fragment or domain 

~ Hinge 1 Fe Heme-Fe binding site 

Mo Molybda1e/molybdopterin binding site 

NOj Nitrate binding and 
reduction site CcR Cytochrome c reductase fragment ofNR 

FAD FAD-binding site 
MC-NR Molybdenum-containing nitrate-reducing 

Ficure 2: Structure of nitrate reductase which contain the three co factors : FAD, iron-heme and 
molybdenum-pterin (Rhodes, 2001). 

According to Lillo et ai., (2004) the activity of nitrate reductase is generally 

regulated by light and darkness. In light, the main reaction catalyzed is the reduction of 

nitrate into nitrite. Nitrite is then further reduced and assimilated in the chloroplasts. 

Nitrate is partitioned between an active metabolic pool in the cytosol and a storage pool 

in the vacuole (Li lIo et ai., 2004). This compartmentation can be important for the 

regulation of nitrate reduction since the vacuolar nitrate is not readily available for 

uction, and therefore restricts substrate availability for the NR enzyme (Lillo et ai., 
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2004). In darkne s NR is phosphorylated on a regulatory Ser residue in the hinge I, and 

then binds 14-3-3 proteins and is inactive (Lillo et at., 2004). Light induces 

dephosphorylation and thereby activation of NR. The balance between activities of 

kinases and pho phatases acting on NR and NR-P determines the phosphorylation 

status of the enzyme (Lillo et at., 2004). NR(-P) is degraded at a constant rate in light 

as well as darkness, independently of post-translational phosphorylation of the 

regulatory Ser. The higher level of NR protein in the light appears to be caused by the 

positive effects of light on NR synthesis, transcription, and translation (Lillo et at., 

2004). NR also catalyses a side-reaction which converts nitrite into nitric oxide (NO). 

Nitric oxide has regulatory as well as toxic effects in plants. The main reactions of NR 

(nitrite fonnati on) as well as the side reaction (nitric oxide formation) are regulated by 

phosphorylation of the regulatory Ser in hinge I of NR (Lillo et at., 2004). Figure 3 

shows a schematic diagram of the regulation of nitrate reductase activity. 

r(~ducl.i()n 
___....,~ to ammonia and 

srrutll :Issimilalion into 
metabolic orgllllic compoumls

pool 

NO

~~NO-<"",'",.. ,ff.o" 

NR cytotoxic cffC'Cts 

(jl" .1 1'1111111 

./ DA.RK:'\t:SS 
stimulates ~YllthCOtS of #t il)actjY3tcs NR 


and activates NR 


NR-P 

14-3-3 

re 3: Simplified scheme for regulation of nitrate reductase activity by light and darkness. (Lillo et 
) 
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3.0 MATERIALS AND METHODS 


3.1 Plant material 

The Young leaves of sago palm (Metroxylon sagu) were collected from 

UNIMAS plant house. The leaves were weighed and wiped with 70 % ethanol to 

discard contaminating microorganisms on the surface. 

3.2 Isolation of total genomic DNA 

Isolation of total genomic DNA from sago was carried out using the CTAB 

(hexadecyl trimethyl ammonium bromide) method described by Doyle and Doyle 

(1990) with slight modification by Gillies and Bush for miniprep extraction for PCR. 

Approximately O.lg of leave is grinded in the presence of liquid nitrogen and Iml 

eTAB buffer. The mixture was then incubated in water bath at 65°C for 1 hour, 

followed by addition of 400J.lI of chloroform: isoamylalcohol (24: I). The mixture was 

mixed gently and centrifuged at 13,000 rpm for 5 minutes at 4°C. Then the upper 

aqueous layer was transferred to a new eppendorf tube prior to addition of 600J.l1 ice

cool isopropanol and mixed gently. The tubes were left to stand for overnight at -20°C. 

The next day, the mixture was centrifuged at 13,000 rpm for 2 minutes at 4°C, 

and then the supernatant was pour away. I ml of wash buffer was added to the tube to 

ash the pellet and the supernatant was discarded after centrifugation at the same 

condition as before. The pellet was air dried for approximate 15 minutes and dissolves 

in the 100J.l1 ofTE buffer, and stored at 4°C until required. 

To determine the presence of isolated DNA, 5J.l1 of the DNA solution was 

yzed using I% of agarose gel electrophoresis. 
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Thermal Cycler (Perkin-Elmer 

3.3 DNA quantification 

DNA was quantified using UJtrospec ® 1100 pro. 5 ~I of DNA was diluted in 

95f.L1 of distilled deionized water and placed in a quartz cuvette. The absorbance of 

diluted DNA sample at wavelengths 260nm and 280nm (A26o and A28o) was measured. 

The ratio of A260 : A280 was subsequently calculated based on the reading showed by 

the spectrophotometer. The concentration of DNA determined by the spectrophotometer 

was used to calculate the total amount of DNA extracted from the plant using the 

formula as indicated below. 

Total amount of DNA= 

DNA concentration (~gI~L) x amount ofTE buffer used to dilute sample (~L) 

Primer design and Polymerase Chain Reaction 

Polymerase Chain Reaction (PCR) is an in vitro method for enzymatic synthesis 

of specific DNA sequences, using two oligonucleotide primers that hybridize to 

opposite strands and flank the region of interest in the target DNA (Erlich, 1989). The 

primer used to isolate nitrate reductase gene from sago was constructed based on the 

uence of similar gene that have been isolated from other plants for example maize, 

Arabidopsis, spinach and potato. The PCR was carried out in the DNA 

Cetus Instruments) using DNA from sago palm as a 

template. The composition of PCR reaction mixture which used in this study is as 

II 



Table 1: The composition ofPCR reaction mixture 

Reagents Primer set 1 Primer set 2 

lOx PCR buffer without 2.51lL 2.51lL 
magnesium 

lOmM dNTPs JilL 1 ilL 

25mM MgCh 3.01lL 1.5).!L 
II 

25pmol/,.t1 of each primer I ilL 1 ilL 

Taq DNA Polymerase O.5).!L O.5IlL 
(5u/).!l) 

DNA template 
I 

21lL 21lL 

Sterilized ultra pure 14.01lL 15.51lL 
water 

I 

Final volume 25).!L 251lL 

The parameter for PCR amplification is indicated by the following table: 

Table 2: The parameters for PCR reaction 

Steps 

Step I Initial denaturation 

Step 2 Denaturation 

Step 3 Annealing 

Step 4 Elongation 

Step 5 Step return to step 2 for 30 cycles 

tep 6 Final extension 72 5 

Temperature (Oe) Time (min) 


94 
 2 


94 


53 
 1.30 


72 
 1.30 
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Th 

resuspended in 2SmL of ice-cold 

The product obtained from PCR reaction was run on I % agarose gel electrophoresis 

containing lO~glmL of ethidium bromide and then visualized under UV light. 

DNA fragments extraction from agarose gel 

Extraction of DNA fragments from agarose gel was performed using a 

Gel Cleanup kit. The protocols for this extraction were undertaken 

following manufacturer 's recommendations . 

•6 Preparation of CaJcium Chloride (CaCh) Bacterial Competent Cell 

E. coli JM109 stock culture was obtained and inoculated into IOmL of LB, then 

im:ubated overnight at 37°C with shaking at 200rpm until OD600 reading of about O.S. 

culture was transferred into SOmL Falcon tubes and allowed the cells to coolon ice 

approximately 20 minutes. Then, it was centrifuged at 3S00rpm for about S minutes 

4°C. After centrifugation, the supernatant was discarded and the cell pellets were 

100mM Calcium Chloride (CaCh) for 10 minutes . 

The cells were further centrifuged at the same condition as mentioned above, and then 

supernatant was discarded again. Glycerol stocks were prepared by adding 400lli of 

,l""III!~nl with 1600f.l1 of Calcium Chloride (CaCh) into each tube. After that the mixture 

aliquot into I.S mL Eppendorf tubes with 	I mL in each tube. The competent cells 

tb n stored at -80°C until used. 

13 

http:1600f.l1


leming of the peR fragment 

Following purification of PCR fragments from agarose gel, the fragments were 

ligated into pGEM®- T Vector plasmid supplied by Promega. The protocol for ligation 

of fragments was based on manufacturer's recommendations. The composition of the 

ligation reaction mixture is as follows: 

Table 3: The mixture for ligation of peR fragment into pGEM®- T vector 

I 

Reagents Volume (ilL) 

DNA sample 0.5 

pGEM®- T 0.5 

2 X Buffer 2.5 

T4 Ligase 0.5 

Sterile distilled water 1 

Final volume SilL 

r that the reaction was incubated overnight at 4°C for the maximum number of 

The next day, transformation of ligation product was carried out using E. coli 

109 competent cells. The transformation process begun with mixing of 50111 cold 

.Q)elnQc~Q E. coli JM109 competent cells with 2111 ligation product. The mixture was 

ji)Cubllled on ice for 30 minutes followed by heat shock at 42°C for 50 seconds. After 

the tubes were immediately transferred into ice and allow to chill for 2 minutes. 
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Then, 950~1 of Luria Broth was added to the tubes and incubated at 37°C for I hour 30 

minutes prior to centrifuge at 1000rpm for 10 minutes. The supernatant was discarded 

the pellet was resuspended with 200~1 of LB. Finally, the cells were plated on Pre-

warmed LB agar containing ampicillin (50mg/~I), X-Gal (20J..lg/ J..lI) and 100mM of 

IPTGand incubated at 37°C for overnight. 

Plasmid isolation 

The alkaline lysis method as suggested by Zyskind and Bernstein (1992) was 

employed for plasm id isolation of white colonies observed in the transformation plates. 

ingle white colon ies picked from the plate after transformation was inoculated into 

SmL of Luria Broth (LB) and incubated overnight at 37°C. Following day, the cells 

were pelleted by centrifugation at 13,000 rpm for I minute at room temperature and the 

18UJleI'IllltaJllt was discarded. Then, 200~1 of ice cold Solution I (GTE solution), 300~1 of 

Iy prepared Solution II (Lysis solution) and 300~1 of Solution HI (Potassium 

acetate. acetic acid and sterile water) were added to the tubes accordingly to dissolve 

pellet and incubated on ice for 10 minutes after each addition. 

The supernatant was transferred into a new Eppendorf tubes after centrifugation 

13000 rpm for 10 minutes at 4°C. Then equal volume of phenol: chloroform: 

IIOImvlal<;ohol (25:24: 1) was added to the tubes and further centrifugation was carried 

using the same condition as previous. The upper layer was transferred into a new 

ppendorf tubes and 0.1 volume of 3M sodium acetate and 2/3 volume of 

IODIroDillDol were added. T he mixture was left to stand at -20°C for overnight. The next 

mixture was centrifuged with the same condition and the pellets were 
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pended with cold ethanol, re-pelleted and lastly dissolved in TE buffer before 

ring at -20°C. The presence of isolated plasmid was detected using 1% agarose gel 

Restriction enzyme digestion of plasmid DNA 

After isolation of plasmid DNA from selected white colonies, restriction enzyme 

digestion was carried out to detect the presence of inserted fragment and this method 

performed using EcoR I restriction enzyme. The composition of the reaction 

mi ture is as follows:

Table 4: The composition of restriction enzyme digestion of plasmid using EcoR I 

Reagents Volume (ilL) 

lOX EcoR I buffer with BSA I.I , 

Isolated plasmid 2.5 

EcoR I restriction enzyme 0.5 

Sterile distilled water 5.9 

Final volume 10 
I I 

mixture was then incubated at 37°C for 1 hour and 30 minutes prior to agarose gel 

analysis for detection of digested fragments . 
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.........,.,.

lJIiifiCWClII1 by Polymerase Chain Reaction. 

,.HZ«Kt using 1 % agarose gel electrophoresis. 

The isolation of DNA from plants is a fundamental requirement for most 

lllllOl1'lC characterization and isolation of specific genes for genetic engineering. The 

of DNA from plants is relatively tough as they may contain high 

IIOJ!.cc:hi8J'i1cles and secondary metabolites. Furthermore, it has been investigated that 

all method is suitable for all the plants especially for the woody ones. However, the 

plldjl:KI of total genomic DNA by the CTAB method described by Doyle and Doyle 

, with slight modification by Gillies and Bush, is relatively simple, and has been 

_d:succ::essifully for a wide range of monocot and dicot species. The method may be 

ither fresh or dehydrated plant material. Although the DNA obtained is not 

purity, it is generally of sufficient quality for restriction analysis or for 

The CTAB method which was employed in this study has produced a good yield 

from the sago palm as shown in the figure 4. The presence of DNA was 
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82 3 4 5 6 7 

.. : Agarose gel electrophoresis of extracted genomic DNA from sago palm. Lane I was the I kb 
Lanes 2·8 were the bands for DNA extracted. Altogether, there were 7 samples have been 

~lJ8ljization using gel electrophoresis showed that distinct bands were observed in 

al l the lanes especially in lane 4 and 5. However, for lane 2 and 3, there were 

contamination either by salt residue or RNA. This may be because the salt was 

completely removed during the washing process, or the pellet was not properly 

before addition ofTE buffer to dissolve the DNA. Whereas, DNA sample in lane 

7 were probably a contaminated by RNA, and to overcome this problem, RNAse 

_.Ilt need to be carried out before peR can be performed. There was also a faint 

in lane 8, perhaps indicating a small amount of DNA presence. 
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.1 DNA quantification 

The concentration of DNA was determined using spectrophotometer. The 

absorbance for each sample was measured at ratio of A 26o : A28o. The reading for each 

ble 5: The absorbance and concentration reading of DNA samples measured using spectrophotometer. 

A260 A280 A260 / A280 DNA concentration (Ilg/ Ill) 

0.400 0.278 1.890 1.297 

0.576 0.373 1.973 2.049 

0.813 0. 515 2.004 2.975 

0.616 0.379 1.962 2.422 

0.212 0.125 1.973 0.890 

0.771 0.511 1.925 0.710 

0.062 0.04 1.965 0.232 

According to Brown (1990), the absorbance is normally measured at A26o, 

A26IJ of 1.0 corresponds to 50 Ilg of double stranded DNA per mL. The reading 

rbance at ratio of A26o: A280 should be more than 1.8. If the absorbance is less 

1.8 then the sample was probably contaminated with phenol or protein (Brown, 

All the samples obtained showed ratio of more than 1.8. Therefore, it can be 

flWCl[UCk!d that all the DNA samples were relatively free from protein or phenol 
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Dtaminants. Based on the reading of DNA concentration, total amount of extracted 

was calculated using the formula as indicated below. 

DNA concentration (1lg/IlL) x amount ofTE buffer used to dilute sample (ilL) 

mere1tore total amount of DNA extracted for each sample was as follows: 

Sample 5 

0.890llg/IlL x 100ilL = 89.01lg 

Sample 6 

0.7101lg/IlL x 100ilL = 71.01lg 

Sample 7 

0.2321lg/IlL x 1 OOIlL = 23.01lg 

rbaer design and Polymerase Chain Reaction 

The DNA obtained was later used as template for the Polymerase Chain 

_UOD (peR) amplification in order to isolate the desired DNA fragment (NR gene) 

o sets ofNR degenerate primers. 
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