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ABSTRACT 

Deoxyribonucleotide acid (DNA) is one of the vital materials for studies in molecular biology. Good 
preservation of this material in proper storage buffers can maintain the integrity and quality of the DNA. This 
study focuses mainly on the quality of DNA stored in different storage buffers. The quality of DNA was 
determined by the degree of degradation in variety of buffers under a different storage condition. Our main 
objective was to find out whether or not the DNA stored in different storage buffer has different effect on the 
DNA. The DNA extracted from nasopharyngeal carcinoma (HKI) cell lines was used to facilitate this study. The 
extracted DNA was subjected to agarose gel electrophoresis (AGE) for qualitative analysis and Ultraviolet (UV) 
spectrophotometer for quantitative analysis. Three different storage buffers which are Tris-EDT A (TE) buffer, 
Tris-EDT A-NaCl (TES) buffer and nuclease free water was used under different storage period (ranging from 1 
week to 1 month) and different temperatures (from -80°C to room temperature). The study concluded that 
nuclease free water is the most suitable storage buffer to store DNA at any temperatures for any storage period. It 
also states that TE buffer is the most unstable buffer that causes variation in DNA purity reading. 

Keywords: DNA, quality, storage buffers, UV spectrophotometer and AGE. 

ABSTRAK 

DNA adalah salah bahan penting dalam penyelidikan khususnya dalam penyelidikan bidang Biologi 
Molekul. Penyimpanan rapi DNA dalam buffer penyimpanan yang sesuai akan menyebabkan kualiti dan integriti 
terpelihara. Kajian ini khasnya bertujuan untuk mengkaji kualiti DNA dalam pelbagai buffer penyimpanan. 
Kualiti DNA akan ditentukan melalui tahap degradasi sesuatu DNA dalam buffer penyimpanan setelah disimpan 
dalam kondisi yang tertentu. Tujuan utama kajian ini adalah untuk menentukan sama ada penyimpanan DNA 
daripada cell line nasopharyngeal carcinoma dalam pelbagai buffer penyimpanan akan memudaratkan kualiti 
DNA. DNA yang diekstrak akan dianalisis secara kualitatif dengan menggunakan Agarose Gel Electrophoresis 
(AGE) dan secara kuantitatif dengan menggunakan Ultraviolet (UV) spectrophotometer. Buffer penyimpanan 
yang diguna dolam kajian ini adalah buffer Tris-EDTA (TE), buller Tris-EDTA-NaCl (TES) dan 'nuclease free 
water' dimana DNA yang disimpan dalam buller- buffer ini akan dikaji semula secara kuantitatij dan kualitatif 
setelah disimpan pada suhu dan jangka masa tertentu. Suhu yang diguna adalah -BOoC hingga suhu bilik dan 
jangka musa yang diguna adalah daripada 1 minggu hingga 1 bulan. 

Kata kunei : DNA, kualiti, buffer penyimpanan, UV spectrophotometer dan AGE 
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1.0 INTRODUCTION 

DNA can be found either in the nucleus or specific organelles such as mitochondria (animal) 

and chloroplast (plant) where the condition or environment inside the cells is optimal to 

prevent DNA from degrading. Hence, after the DNA isolation or extraction it should be stored 

in suitable buffers that have an optimal environment for the DNA to prevent it from 

degradation (Clancy, 2008). Storage buffer plays a major role to maintain the DNA quality for 

the entire storage duration. It mimics the environment inside the cells in order for DNA to be 

in good quali ty. 

DNA is not only stored for research purposes but it is also stored to retrieve biological 

infonnation like identification, paternal and maternal infonnation, genetic testing and more 

(Duerinck, 2001). Some foundations like Human Cloning Foundation provide commercial 

DNA storage for the possibility of future human cloning (DNA storage, 1999). Hence, to 

ensure a good and constant DNA quality for stored DNA, suitable storage buffers to preserve 

the DNA have to be studied. 

There are many buffers suitable to preserve DNA. Tris-EDTA (TE) buffer, Tris

EDTA-NaCI (TES) buffer and nuclease free water and ethanol are some examples. Each 

buffer plays its own function to protect the DNA. For instance, to protect the DNA from 

nuclease activity, to minimize the amount of water that might degrade the DNA, to provide 

optimal condition for the DNA to retains its properties and more. Since most of the storage 

buffers are made from different chemicals, there are possibilities that it could affect the 

integrity of DNA. Hence, the storage buffers should be selected according to either the 
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chemical properties of the respective buffer or downstream processes in DNA based studies 

(Waldminghaus et al. , 2008). 

Most of the time, researches store DNA according to either the tradition that has been 

practised by that particular institution, company, laboratory or their own preferences. 

Established protocols and universally available protocols are limited. Taking this into 

consideration, in this study DNA quality in different storage buffers under different 

temperatures such as -80°C, -20°C, 4°C and room temperature which stored from one week to 

four weeks will be evaluated qualitatively and quantitatively. 
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OBJECTIVES 


This study was conducted to evaluate the DNA quality in different storage buffers namely 

Tris-EDTA buffer (TE buffer), Tris-EDTA-NaCI buffer (TES buffer) and nuclease free water. 

The specific objectives were: 

~ 	To detennine the best storage buffer to store animal DNA for short or long term 

storage period and at different temperatures such as room temperature, 4DC, _20DC and 

-80°C. 

~ 	To identify whether the chemical components of various storage buffers have 

influences on storage period or storage temperature. 

~ 	To analyze the DNA quantitatively using ultraviolet (UV) spectrophotometer and 

qualitatively using agarose gel electrophoresis (AGE). 

~ 	To find out the feasibility of using Nested AN OVA and one- way ANOVA to analyze 

the data to identify the best storage buffer. 

4 
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2.0 LITERATURE REVIEW 

DNA quality 

It is important to get DNA with high purity in any extraction. A few factors detennine the 

quality of DNA such as storage buffers, storage temperature (Clark & Colton, 2001), storage 

period, the DNA -sources storage (Lalonde & Gajadhar, 2009) and the extraction method itself. 

All these matters should be taken into consideration to ensure that the infonnation stored in the 

DNA is well preserved before or after the storage. 

2.1 DNA Integrity 

DNA quality before storage depends on two conditions where the first is the DNA sources 

preservation and the second is the extraction process. DNA sources preservation involves the 

maintenance of the tissues, cells, or animal cell line in this case. Few measures need to be 

considered to make sure the cell line is free from contamination. One of it is by practicing 

aseptic techniques. For example, it is better to carry out the whole extraction in a sterile 

environment like laminar flow hood with sterilized equipments to avoid DNA contamination. 

Besides, precautions steps like wearing gloves, mask and lab coat during lab work will reduce 

the possibilities of the DNA exposed to nuclease or DNase which can be found everywhere 

(Ira & Jorgensen, 1984). In addition, DNA is very fragile material and could easily degrade at 

higher temperature (Zhang & Wu, 2005). Hence, to prevent DNA degradation, Merante et al., 

(1996) states that "the integrity of nucleic acid will be improved by maintaining harvested 

cells or tissues in cold" which means cold temperature will help to preserve the DNA better. 

This is to inhibit the nuclease activity that could degrade the DNA. 
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Besides, DNA extraction process also plays an important role in detennining the 

quality of the DNA. There are many established protocols available to extract DNA from cell 

line. For this study, the protocol suggested by Ausubel et al., (2003) was used with some 

minor modifications on the incubation temperature where SOoC was used instead of 6SoC for 

12-18 hours of proteinase K digestion. Long hours of proteinase K digestion will ensure a 

complete digestion of all cells to get high molecular weight DNA (Jackson et al., 1990). 

Moreover, the ability to disrupt the cellular components gently while maintaining the integrity 

of DNA ensures the success of DNA extraction process (Merante et a l., 1996). An overnight 

incubation after the addition of absolute ethanol at -20°C is also one of the modifications that 

were included in the extraction process. It was done mainly to precipitate polymeric nucleic 

acid efficiently (Brown, 2006). Some of the steps suggested in the original protocol such as 

shaking the extracted DNA at 6SoC in storage buffers for solubilization purpose was 

eliminated because it could degrade the DNA. Extraction procedures which involves phenol: 

chlorofonn extraction, chromatography on DEAE cellulose or hydroxyapatite and density 

equilibrium will ensure the isolation of high quality and high molecular weight DNA (Ira & 

Jorgensen, 1984). 
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2.2 Storage Buffers 

Currently, DNA stored in various storage buffers range from basic ultrapure water to low salt, 

mildly alkaline Tris- based solution. Storage buffers selection mainly depends on the 

preferences of the researchers, the tradition practiced by a research institutes or depends on the 

downstream analysis process. 

The most common storage buffer used to preserve DNA is TE buffer. This buffer 

mainly functions to provide an environment conducive for the DNA and also to protect the 

DNA from nuclease activity which could degrade the DNA. The pH of the TE buffer is 

usually adjusted according to the storage material, 7.5 for RNA storage and 8.0 for DNA 

storage where the nuclease activity is inactivated at this pH (Waldminghaus et at., 2006). 

Besides, the presence of Ethylenediaminetetraacetic Acid (EDT A) in TE buffer chelates cation 

such as magnesium ion, Mg2+ that would be needed to activate the nuclease enzyme. But the 

presence of too much of EDT A in TE buffer can also affect the quality of DNA compromising 

it for further analysis such as gene sequencing. In a study carry out by Helen and Kimmel 

(2004), different concentrations of EDT A have been chosen to chelate different mol of Mg2+ 

molecules which could result in poor sequencing analysis. To test this hypothesis, an 

experiment using different concentration of EDT A in TE buffer in a terminator reaction was 

carried out. The results showed that higher concentration of EDT A produce very low signal 

and halted the reaction. Usages of 0.25mM of EDT A can tolerate the reaction without losing 

too much signal and produce good quality sequencing results. In other downstream processes 

that require more Mg2+ such as restriction digestions, peR, ligations, and reverse transcription, 

EDTA altered to lower concentration (Waldminghaus et at., 2008). In a situation where higher 

co ntration of EDT A needed for downstream analysis, sufficient amount of Mg2+ added to 
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replace the loss to make sure that the amount of Mg2+ added will not degrade the DNA. Tris

£oTA Saline or TES buffer is another common buffer that has been used to preserve DNA. 

The content of TES is similar to TE buffer but it has additional substance which is sodium 

chloride. Besides, storage using nuclease free water is also one of the methods to preserve the 

DNA. Since TE buffer and TES buffer are water based buffers, there are higher possibilities to 

expose it to nuclease activity. Hence, it is better to store the DNA in nuclease free water at 

lower temperatures such as -70°C or -80°C where it can inhibit the activity of the nuclease 

enzyme (Lalonde & Gajadhar, 2009). 

2.3 Parameters 

Other than storage buffers, storage conditions can also affect the DNA quality. This includes 

environmental factors such as the type of tubes, temperatures, storage periods and the presence 

oflight. But only two parameters were focused in this study which include storage temperature 

and storage period. Other factor such as type of tubes was controlled to minimize its effect of 

the DNA quality. 

Lee and Smith (2004) states, that storage at different temperatures can affect the 

quality of DNA. For example, DNA stored in ultrapure water has to be kept at lower 

temperature such as -20°C and below to prevent the nuclease activity. Besides, lacking of 

buffering capacity in ultrapure water will create an acidic condition where it can lead to DNA 

hydrolysis (DNA, 2004). This can certainly affect the DNA quality. 

Moreover, studies done by Smith and Morin (2005) shows that the DNA stored at -80°C in 

any storage buffer will produce high quality DNA. It is because lower temperature will inhibit 

activity of any enzymes including DNase and nuclease. Hence, there will not be any 
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2006). 

~cant changes in the DNA quality after the storage. Unlike the DNA that stored at -20°C 

aad 4°C will leave significant changes on DNA quality after certain storage period (Wolf, 

Other than this, the storage duration can also leaves certain effect on the DNA quality. 

The study conducted by Lalonde and Gajadhar (2009) on effect of storage media, 

temperature, and time on preservation of Cryptosporidium parvum oocysts for PCR states that 

DNA can be stored in ethanol at room temperature or 4°C for more than 15 months. The 

storage of DNA up to nine months can be kept at -20°C especially if it is using 95% ethanol, 

PBS, and TE buffer as storage buffers while the 70% ethanol and A-A solution can store DNA 

up to 12 months at this temperature. 

Another study carried out by Clark and Colton (2001) regarding long term DNA 

sources storage proved that a better storage of DNA sources can produce good quality DNA. 

In the study, the fly stored for 15 months at one of the below condition: 

(1) Stored dry at room temperature (approximately 22 DC). 

(2) 100RT: stored in 100% ethanol at room temperature. 

(3) 70RT: stored in 70% ethanol at room temperature. 

(4) DMSORT: stored in 20% DMSO, 5% NaCI, 0.25 M EDTA at room temperature. 

(5) -20: stored dry at _20DC. 

(6) 100/-20: stored in 100% ethanol at _20DC. 
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After 15 months, DNA was extracted using DTAB protocol and analyzed using peR 

ad ultraviolet spectrophotometer. The outcome shows that the six different storage conditions 

produce different qualities of DNA. Most of the DNA yielded was in good quality. This is 

another study to prove DNA sources storage definitely affects the DNA quality. 
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3.0 MATERIALS AND METHODS 


3.1 Materials: 

~ Nasopharyngeal carcinoma cell line HKl passage 13 and 14 

~ Digestion buffer: 

• 100mM NaCI 

• 10mM Tris-CI pH 8.0 

• 25mM Ethylenediaminetetraacetic Acid (EDTA) ph 8.0 

• 0.5% Sodium dodecyl sulphite (SDS) 

• 1.2mg/ml proteinase K, store at room temperature 

(Since proteinase K is labile it was added fresh with each use) 

~ Iced cold Phosphate Buffer Saline (PBS) 

~ Phenol:Chlorofoam: Isoamyl 

~ 7.5M Ammonium acetate 

~ 70% and absolute ethanol 

~ Tris-EDTA (TE) Buffer, Tris-EDTA Saline (TES) buffer and nuclease 

free water 


~ Incubator at 50°C with shaking 


~ CeJl scrapper 


~ UNIV APO ECH 150 (ethanol evaporater) 


~ 4°C Centrifuge 
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3.2- Methods: 

3.2.1 DNA Source 

The DNA for this study was extracted from Nasopharyngeal Carcinoma (HKl) cell line 

passage 13 and passage 14. HKl cell line passage 13 was used as a first replicate whereas the 

HKI cell line passage 14 was used as a second replicate. The cell line was provided by Ma 

'aug Ru from Human Molecular Genomic Lab (HMGL), Department of Molecular Biology, 

UNlMAS. 

3.2.2 Positive and Negative Control 

The positive control for this study was DNA ladder. lkB DNA ladder which was 

manufactured by Fennentas was used to prepare positive control. Around 50ul of lkB of DNA 

ladder was mixed with 250ul of different storage buffers which include TE buffer, TES buffer 

and nuclease free water. Three different positive controls were prepared. In contrast, the 

negative control for this tudy was storage buffers which include TE buffer, TES buffer and 

nuclease free water. All controls (positive and negative controls) were subjected to Agarose 

Gel Electrophoresis (AGE) and Ultraviolet (UV) spectrophotometer before aliquot into 

different tubes to be stored at different parameters. 

3.2.3 DNA extraction 

The DNA extraction was carried out as suggested by Ausubel et al (2003) in his book titled 

Current Protocols in Molecular Biology. Firstly, the serum- containing -media from the culture 

flask was discarded. Then around lOml of iced cold IX Phosphate Buffer Saline (PBS) was 

used to wash the cells to make the cell membrane more penneable for the next step which was 
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process. After washing the cultured cells twice with PBS, SOOOul of digestion buffer was 

to the flask. Cell scrapper was used to detach the cells from the bottom of culture flask 

it usually fonns a layer of confluent cells during the cell culture. The solution was viscous 

to presence of high concentration of cells. Around 700ul of the solution from the cultured 

was transferred to few 2 ml Eppendorf tubes. Then, 7ul of proteinase K was added in 

tube. The tubes were then inverted to mix the solution. All tubes were incubated with 

thaking at SOoC for 18 hours. The emptied culture flask was filled with chlorox to kill any 

remaining cells in the flask before discarding it. 

The samples were clear and less viscous after 18 hours of incubation. There was thick 

sludge in some of the tubes. Equal volume of phenol: chlorofoam: isoamyl (PCI) which was 

IrOUDd 700u1 was added to each samples and centrifuged for ten minutes at 4000 rpm. There 

three different layers of mixture in the tubes after centrifugation. The upper layer 

tains DNA and the bottom layer contains the organic solvents whereas the middle layer 

CODtains proteins and cell debris from the cell line. Around SOOul of upper layer of the solution 

was transferred to new Eppendorftubes. Then ~ volumes (2S0ul) of 7.SM Ammonium acetate 

mel 2 olumes (1000ul) of absolute ethanol were added to each tube. The tubes were inverted 

carefully to precipitate the nucleic acid. To ensure complete nucleic acid precipitation, all 

aamples were incubated overnight at -20°C. 

The tubes were centrifuged at maximum speed for 10 minutes in 4°C centrifuge. Upon 

rwieval of the tubes, white DNA pellet was visible at the bottom of the tubes. The supernatant 

was discarded carefully. Then the DNA pellet was rinsed with 70% ethanol twice to remove 

any debris or contaminants. Upon addition of 70% ethanol, the tubes were also vortexed to 

most of the contaminants or cell debris was removed completely to get DNA of high 
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IUUI,IlY. Then, the tubes were air dried for several minutes. In some cases, DNA could not be 

_ICb:(l due to high DNA concentration. In this situation, UNIV APO or evaporator was used 

dry the ethanol. Lastly, the DNA was dissolved in 495ul of different storage buffers namely 

1is-EDTA (TE) buffer, Tris-EDTA Saline buffer (TES) and nuclease free water. These tubes 

wen: labeUed as master tube ofTE TES and NFW respectively. Then the extracted DNA was 

ted to Agarose Gel Electrophoresis (AGE) and Ultraviolet Spectrophotometer before 

aliquot and stored at respective storage condition. 

3.2.4 Agarose Gel Electrophoresis (AGE) 

The AGE was carried out mainJy for two reasons. Firstly, is to ensure of the presence of DNA 

in every tube and secondly, is to evaluate the extracted DNA qualitatively. 

I.Og of Agarose powder was mixed with 100m 1 of T AE buffer to prepare 1% of 

Agarose gel. The mixture was heated using microwave oven for 2-3 minutes to ensure all the 

Agarose dissolved well in TAE buffer. Then, 1.0ul of ethidium bromide was added to the 

solution and swirled well. To cast a gel, the black tags were inserted at each end of the 

electrophoresis tank and appropriate comb was used to prepare the well. Then the agarose 

solution was poured into the tray slowly, to not introduce any bubbles which might affect the 

migration of the DNA from positive to negative charge. The gel was left to solidify for 30 

minutes. Then, the tank was filled with TAE buffer until it covers the whole gel. Sui of DNA 

samples were loaded with 1 ul of loading dye. And at the end of sample load, the DNA ladder 

was loaded and the gel was run for 25 minutes at 100 Volts. Lastly, the gel was viewed under 

UV light and the image was captured using gel doc (AlphaDigiDocRT). 
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Hence there 

.5 Ultraviolet Spectrophotometer 

lQUlIDtitativeanalysis of DNA was carned out using UV spectrophotometer to determine DNA 

The DNA absorbance at different wavelengths namely 230nm, 260nm, 280nm and 

were evaluated. To get DNA purity, absorbance of DNA at the wavelength of 260 over 

was calculated. The absorbance of 260/280 within range of 1.8 to 2.0 shows good quality 

high purity DNA. The readings below that range show that the DNA was contaminated 

either protein or phenol which was used during DNA extraction. And the elevated 

teading (negative reading) at 230nm absorbance indicates that there were contaminants in the 

8IOr8ge buffers, for example tris-CI or EDT A contamination. 

Few steps were carried out before UV spectrophotometer analysis. First of all, the 

solution was diluted for 10 times with respective storage buffers. Hence, the dilution 

factorwas 100. The same procedure was repeated for the positive and negative controls of this 

study. The blank used for UV spectrophotometer analysis was respective storage buffers. 

were three different blanks for three different storage buffers. Glass cuvette 

quartz cuvette) for UV spectrophotometer analysis was provided by Genetic Engineering lab 

and the spectrophotometer machines from Dr.Hairul's lab (Ultraspec 1100 pro UVI visible 

ttophotometer) and Dr. Awang's lab (Biochrom, England) were used. 

UV spectrophotometer machine was switched on earlier for it to calibrate. It took 

around 5 to 7 minutes. After that 1000ul of blank was analyzed and the reading was taken, 

then followed by the DNA solution, positive controls and negative controls. The 

concentrations of the DNA were also determined in this analysis. 
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