
DEOKS�R�BONÜKLE�K AS�T (DNA)'�N ET�LENGL�KOLLÜ VE GL�SEROLLÜ 
ORTAMDA RENATURASYONU 

                                             

 

ÖZET 
Nükleik asitler biyokimyasal dünyada az bulunacak derecede bir öneme sahiptirler. 

Sadece birçok önemli reaksiyonu içermezler, bunun yan�nda genetik bilgiyi de ta��rlar. Bu 

bilgi bir organizmadan di�erine ve bir ku�aktan di�er ku�a�a aktar�ls�n diye tam olarak kopya 

edilmek zorundad�r. Yine de bu bilgi de�i�kenlik üretilebilmek için dönü�ümlü olmal�d�r 

çünkü her bir hücre kendi ihtiyac� kadar protein sentezler. Sonuç olarak DNA ile ilgili 

ara�t�rmalar önemlidir. 

 

Bu çal��mada DNA, etilen glikol ve gliserin içeren salin sitrat tamponunda �s�t�larak 

denatüre edilmi� ve renatürasyon kineti�i incelenmi�tir. Etilen glikol ve gliserinin, DNA'n�n 

�s�ya dayan�kl�l���n� dü�ürdü�ü, çözeltinin iyonik �iddetini ise etkilemedi�i bulunmu�tur. 

 

Anahtar sözcükler: DNA'n�n renatürasyonu, Etilen glikol, kinetic, hipokromik etki. 
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RENATURATION OF DNA (DEOXYRIBONUCLEIC ACID)    IN ETHYLENE 
GLYCOL AND GLYCEROL 

HAKAN AKAT and NAZM�YE AYTAÇ 

 
ABSTRACT 

Nucleic acids occupy unique position in the biochemical world. Not only are they 

involved in many important reactions, but they carry genetic information, which must be 

faithfully duplicated so that it can be passed from one cell generation to next and from one 

organism to next. Nonetheless this information must be mutable to produce the variability on 

which the evolutionary selection process feeds. The DNA must be selectively transcribed so 

that each cell can synthesize the proteins it needs. Consequently researches with DNA are 

very important. 

 

At present study, DNA was denatured by heating in saline-citrate buffer which 

contained ethylene glycol and glycerol also the kinetics of renaturation was studied. It was 

found that EG and Glyc reduces the thermal stability of DNA but the ionic strength of EG and 

Glyc solutions have no effect on the thermal stability. 

 
Key Words: Renaturation of DNA, Ethylene glycol, kinetics, hypochromic effect. 
 

1.  INTRODUCTION 

 
Complete denaturation of DNA by heat, basic or denaturating chemicals leads to the 

separation of the complementary strands. Renaturation is the process by which the separated 

strands come back together in register. The kinetics of renaturation have been extensively 

reviewed by Marmur and Schildkraut.[1]

The effects that denaturate the DNA molecule separate the complementary strands of 

the DNA and they can also destroy the four bases and sugar moieties. Using the developments 

in radiobiologie the separation and reassociation of the strands of DNA can be searched and 

the damages can be investigated chemically [2][3][4][5][6][7]. Even a small damage in the structure 

of genome can affect the reassociation of the strands and can result in mutation. 

Denaturation of DNA and renaturation of separated strands under several conditions 

have been studied by many researchers [3] [8][9]. 
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Renaturation of DNA in aqueous solutions of formamide is studied by McConaughy 

and co-workers [10] and in aqueous solutions of N;N-dimethlyformamide is studied by 

Cortadas et al. [11] and Erdin [12] . The present study explores the renaturation of DNA in 

aqueous solutions of ethylene glycol (EG) and glycerol (Glyc). 

2.  MATERIALS AND METHODS 

2.1 Materials 

Optical measurements were carried out in Shimadzu 160 A uv-visible 

spectrophotometer with thermostatic cell holder. Agrant and Web prüfgerate work circulating 

baths were used to control the temperature. All optical measurements on nucleic acid were 

made at 260 nm. 

The calf tymus DNA was obtained from Sigma Chemical Co. Glycerol were purchased 

from Riedel-de Haen AG, ethylen glycol and other chemicals were purchased from Merck 

Chemical Co. All experiments were made in saline-citrate buffer (SSC). 1xSSC buffer 

involved 0.15 M NaCl and 0.015 M Na3-citrate and pH was 7.0. 

 

2.2 Methods 

Denaturation experiments were carried out at a DNA concentration of 50 �g/ml in 

cuvets with a 1 cm path legth, covered with mineral oil to prevent evaporation during the 

renaturation. Melting and reassociation experiments were performed in SSC buffer, pH 7.0 

with various salt, EG and Glyc concentrations. 

After denaturation at a heat rate of �1.50C/min up to 900C, the cuvette block was cooled 

down to 300C within 1-2 min by using another thermostat. 

The subsequent decrease in optical density monitored as a function of time  

2.3 The second order renaturation reaction  

Let A� be the absorbance of native DNA at the maximum of the ultraviolet spectrum. 

Let Ao be the absorbance of denatured DNA at a temperature above the melting temperature. 

The hyperchromicity factor was found as 
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Ao - A� = 0.42 A�                           (8) 
 

PT the total DNA phosphate concentration [2][3]: 

 

PT = 1.47.10-4 A� mol/l                    (9) 

 

If A is the absorbance when P is the concentration of denatured bases in solution, then 

 

P = (A - A�/Ao - A�).( PT)             (10) 

 

If the reaction obeys second-order kinetics, we define k2 as 

 

- (dP/dt) = k2.(P/2)2                       (11) 

 

In this equation P/2 is the concentration of denatured bases belonging to one strand. 

 

Ao - A�/A - A� = ( k2. PT/2 ) t+ 1       (12 ) 

 

or using the hyperchromicity factor, 

 

1 / A - A� = 1.75.10-4 . k2.t + 1/0.42. A�     (13) 

 

Either equation (12) or (13) may be used to determine the experimental second-order 

renaturation rate constant, k2. 

 

The quantity A� may be measured or may be obtained from Ao, and the 

hyperchromicity equation 

 

A� = Ao / 1.42 

Thus, it is only necessary to know the absorbance of denatured DNA at a temperature 

well above the melting temperature, Ao, and the absorbance, A, as a function of time to 

determine the rate constant, k2. 
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3.  RESULTS 
3.1 Denaturation and renaturation of DNA in the presence of EG 

  A plot of the optical absorbance at 260 nm versus temperature is known as a melting 

curve. From the sigmoid melting curves, the mean-points (Tm) were determined graphically 

(fig 3.1).    
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Figure 3.1: Determination of melting points of DNA in various EG concentrations. 
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Figure 3.2: The melting curves of DNA in 30% EG solutions with various ionic 

strength. 
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The results presented in figure 3.3 show that a linear relationship exists between the Tm 

and percent EG 

 

 
 

Figure 3.3: Dependence of the Tm of DNA upon the concentration of EG (in 1SSC). 

 

The hypochromic spectra were determined for each solution. The hypochromic 

spectrum is a difference spectrum showing the increase in absorbance upon denaturation of 

the DNA and results from the increased absorbance of the chromophores of the base rings 

upon rupture of hydrogen bonds and/or stacking forces present in native DNA. To get the 

hypohromic spectra two absorption spectra from 230 to 300 nm at 10 nm intervals were 

measured for each sample that was used for the melting temperature curves. The first 

spectrum was taken at room temperature; the second temperature at which the absorbance at 

260 nm had reached its maximum. 
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Figure 3.4: Hypochromic spectra of DNA in SSC Buffers and 30% EG solutions with 

various ionic strength. 

The hypochromic spectrum is the difference between the two spectra and was calculated 

for each sample where �A=A� (high temperature)- A�(room temperature) in which A� is 

absorbance at wavevelength �.[13][14]

Ao - A� / A- A�
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Figure 3.5: Second-order rate plot for the renaturation of DNA in various EG 

concentrations. 

3.2 Denaturation and renaturation of DNA in the presence of Glyc 

The melting curves obtained in Glyc solutions are shown Fig 3.6 and 3.7. 
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Figure 3.6: Determination of melting points (Tm) of DNA in various Glyc concentrations. 

                AT/A30 

0,9
1

1,1
1,2
1,3
1,4
1,5
1,6 3SSC

3SSC 30%
5SSC
5SSC 30%
7SSC
7SSC 30

 
                                                     Temperature (0C) 

Figure 3.7: Melting points (Tm) of DNA in 30% Glyc solutions with various ionic 

strength . 
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Figure 3.8 : Hypochromic spectra of DNA in 30% Glyc solutions with various ionic 

strength. 

 
Figure 3.9: Dependence of the Tm of DNA upon the concentration of Glyc (in 1SSC) 
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Figure 3.10: Second-order rate plot for the renaturation of DNA in various Glyc 

concentrations. 

 

 
Figure 3.11: The fraction of DNA reassociated in 1SSC with various EG concentrations. 

(�): 1SSC, (�): 1SSC+20% EG, ( ): 1SSC+30% EG,(�): 1SSC+40% EG, (�): 1SSC+50% 
EG. 
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Figure 3.12: The fraction of DNA reassociated in SSC with various ionic strengths and 

30% EG. (�): 1SSC+30% EG, (�): 3SSC+30% EG, ( ): 5SSC+30%EG,(�): 7SSC+30% EG. 
 

 
 
 
 
Figure 3.13: The fraction of DNA reassociated in 1SSC with various Glyc 

concentrations. (�): 1SSC, (�): 1SSC+20% Glyc, ( ): 1SSC+30% Glyc, 
(�):1SSC+40%Glyc, (�):1SSC+50% Glyc. 

 
 

 
 
 
 
Figure 3.14: The fraction of DNA reassociated in SSC with various ionic strengths and 

30% Glyc. (�): 1SSC+30% Glyc, (�):3SSC+30% Glyc, ( ): 5SSC+30% Glyc, (�): 
7SSC+30% Glyc. 
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4.  DISCUSSION 

DNA denaturation has become an essential step of all the methods used in genetic 

engineering of course in coupling with renaturation. The maximum rate of renaturation occurs 

some 25oC below the Tm. However in studies of nucleic acids of complex organisms where 

reaction times are prolonged, or where biological activity must be preserved, exposure of 

nucleic acids to high temperatures presents obvious disadvantages such as chain scission and 

depurination. These difficulties may be avoided by the use of high concentration of certain 

salts, such as 6.2 M NaClO4 or of aqueous solutions of various organic solvents in which the 

thermal stability of double-stranded polynucleotides is greatly reduced. 

The effect of some substances on nucleic acid annealing or hybridization reactions have 

been studied by various researchers [2][9][10][11][12]. This study explores the relationships among 

the denaturation and renaturation of calf thymus DNA and the concentrations of EG and Glyc. 

Wetmur and co workers [2] have been found that the melting point of T4 DNA in 70% EG 

solution was 630C and it was 860C in 36% Glyc solution. 

 

The rate of renaturation of DNA was followed by the absorbance change at the 

maximum of the DNA absorption spectrum. To find the optimal renaturation temperature the 

solution of denaturated DNA was cooled to various temperatures as quickly as possible and 

renaturation was follwed. The maximum rate of renaturation was found at 30 0C. (Table 4.1) 

 

Table 4.1: Effect of temperature on the rate of renaturation 

 

Temperature        60 oC        40 oC        30 oC 

k2 (M-1s-1)        2.46        4.70        7.66 

 

The effectiveness of EG and Glyc in reducing the thermal stabilty of calf tymus DNA 

was determined by the melting plots.The melting points are given in Table 4.2 and Table 4.3 

.The decrease of melting points with the concentration  of EG can be seen in Table 4.2 and 

Figure 3.1. 

The melting point of DNA was not changed as the ionic strength of EG solutions 

increased. But in the solutions without EG the melting point of DNA increases with ionic 

strenght. 
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Until the maximum temperature 90 0C which was obtainable with the thermostatic 

heater the denaturation of DNA was not completed in 2SSC, 5SSC and 7SSC. For this reason 

the melting points in 2SSC, 5SSC and 7SSC were not shown in Table 4.2 and 4.3. 

It was found that the melting point of calf thymus DNA in 1SSC buffer decreased with 

increasing Glyc concentration. The relationship between the melting point and Glyc 

concentration is shown in Figure 3.9. 

The melting point of DNA did not change, when the ionic strength of Glyc solutions 

increased. 

It was thougth that EG and Glyc can interact with some groups in DNA and show a 

hypochromich effect. It can be seen in Figure 3.4 and 3.8 that the spectra are shifted with EG 

and Glyc with increasing ionic strength. It is difficult to say that the shift in 5SSC and 7SSC 

is due to the hypochromism since the denaturations in those buffers were not completed.  

Table 4.2 Melting points and renaturation rate constants of DNA in various EG 

solutions (M: Concentration and s: second k2: second order rate constant)  

 
SOLUTIONS Tm k2(M-1s-1) 
1SSC 85.5 7.656 
1SSC+20%EG 78.3 6.643 
1SSC+30%EG 73.3 3.805 
1SSC+40%EG 68.7 2.328 
1SSC+50%EG 63.3 1.331 
3SSC 87.5 4.480 
3SSC+30%EG 78.1 3.336 
5SSC+30%EG 76.8 4.731 
7SSC+30%EG 78.8 4.551 

 
Table 4.3: Melting points and renaturation rate constants of DNA in various Glyc 

solutions 
 

SOLUTIONS Tm k2(M-1s-1) 
1SSC 85.5 7.656 
1SSC+20%Glyc 77.5 2.592 
1SSC+30%Glyc 75.5 1.885 
1SSC+40%Glyc 72.5 1.438 
1SSC+50%Glyc 69.0 0.795 
3SSC 87.5 4.480 
3SSC+30%Glyc 83.3 3.274 
5SSC+30%Glyc 83.4 5.184 
7SSC+30%Glyc 84.4 4.291 
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The renaturation rate constants which were calculated with equation (13) are also shown 

in Table 4.2 and Table 4.3. 

It was found that the renaturation rate constant k2 decreased with increasing EG and 

Glyc concentrations. k2 was smaller in Glyc solution than in the solution with EG. That is 

Glyc is more retardative than EG in renaturation of DNA. This is an expected result because 

of the higher dielectric constant of Glyc. The fractions of denatured DNA in 1SSC with 

various EG and Glyc concentrations are shown in Table 4.4 and Table 4.5. 

 
 
 
 
Table 4.4 Fractions of denatured DNA at various temperatures in various EG solutions 
 

SOLUTIONS  Percent of denaturation 
    60 0C    70 0C    80 0C    85 0C 
1SSC        -          6.3    12.6    57.0 
1SSC+20%EG        -          6.4    68.8    87.4 
1SSC+30%EG    3.5    24.6    96.7    100 
1SSC+40%EG    3.2    61.3    98.4    99.6 
1SSC+50%EG    22.5    90.1    99    100 

 

Table 4.5 Fractions of denatured DNA at various temperatures in various Glyc solutions 

 
SOLUTIONS  Percent of denaturation 
    700C    800C      850C 
1SSC    6.3    12.6      57.0 
1SSC+20%Glyc    6.3    49.8      100 
1SSC+30%Glyc    8.0    80.6      97.6 
1SSC+40%Glyc    29.7    86.9      96.0 
1SSC+50%Glyc    64.2    100      100 

 

It can be seen that the fraction of denatured DNA increases when the solutions have EG 

and Glyc. For instance although in 1SSC at 70 0C the fraction of denatured DNA is 6.3%, in 

1SSC+40% EG 61.3% of DNA is denatured and in 1SSC+40% Glyc 29.7% of DNA is 

denatured. It can be seen from these results that EG accelerates the denaturation of DNA more 

than Glyc. 
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Table 4.6 Reassociated amount of denatured DNA in various concentration of EG 
 

SOLUTIONS  Percent of reassociated DNA 
 5 (min) 10 (min) 15 (min) 20 (min) 
1SSC    16.0     18.0    18.3    18.6 
1SSC+20%EG    14.6    17.0    17.3    17.7 
1SSC+30%EG    10.2    13.4    14.1    14.5 
1SSC+40%EG    7.3    8.9    9.6    10.0 
1SSC+50%EG    4.7    6.6    7.2    7.6 

 

 
Table 4.7 Reassociated amount of denatured DNA in various Glyc solutions 
 

SOLUTIONS Percent of reassociated DNA 
 5 (min) 10 (min) 15 (min) 20 (min) 
1SSC    16.0     18.0    18.3    18.6 
1SSC+20%Glyc    9.1     11.0    11.6    12.1 
1SSC+30%Glyc    7.3    9.1    9.8    10.1 
1SSC+40%Glyc    6.0    7.7    8.1    8.5 
1SSC+50%Glyc    4.0    4.8    5.1    5.4 

 
The similar results during renaturation are shown in Table 4.6 and Table 4.7.It can be 

seen that the existence of EG and Glyc decreases the amount of reanneled DNA and increases 

the reanneling time. In 1SSC+40% EG solution 10% of renaturation has occurred in 20 

minutes but in 1SSC+40% Glyc solution 8.5% of renaturation has occurred in 20 minutes. 

Because of this property EG and Glyc are convenient substances for hybridization reactions. 
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SYMBOLS AND ABBREVIATIONS 

Abbreviations             Explanation                                                         

DNA                         Deoxyribonucleic Acid 

EG                            Ethylenglycol 

Glyc                          Glycerol 

SSC                           Saline-citrate buffer  

REFERENCES 

[1].Doty P., Marmur, J., Schilkraut ,C., Pro.Nat.Sci.USA. 46(4), 461-476 (1960) 

[2]. Wetmur, J.G., Davidson N. J.Mol.Biol.349-366 (1968) 

[3]. Bertman, H.M., Hagen, U., Biochimica et Biophisica Acta, 312- 323  (1979) 

[4]. Stratton, E.C., Ross, W.E., Chapman, S., Biochemical Pharmacolgy, 1497-1500 (1981) 

[5]. Cullis, P.M., Langman, S., Podmore, I.D., Symons, M.C.R., J. Chem.Soc. 3267-3271 

(1990) 

[6]. Zhil’tsova, V.M., Kruglyokava, K.Ye., Gindin, L.G., Biofizika, 615- 617 (1966) 

[7]. Rogan, E.G., Katomski, P.A., Roth, K.W., Cavareli, E.L., J.Biol.Chem, 7055-7059 

[1979] 

[8]. Stratton, E.C., Ross, W.E., Chapman, S., Biochemical Pharmacolgy, 1497-1500 (1981) 

[9]. Dutch, R.E., Lehman, I.R., Journal of Virolgy, 6945-6949 (1993) 

[10]. McConaughy, B.L., Laird C.D., Mc Carthy B.J., Biochemistry, (8) 3289 (1969) 

[11]. Cortadas, J., Subirana, J.A., Biochimica et Biophisica Acta, 203-206  (1977) 

[12]. Erdin, N., Journal of Faculty of Science Ege Universty, 37- 48  (1990) 

[13]. Anderson, j.A., Kuntz, g.p.p., Evans, H.H., Swift J.J., Biochemistry, 4368-4374 

(1971) 

[14]. Thomas, R., Gene, 77-79 (1993) 

 

 

 

 

 

15


