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The differential scanning calorimetry (DSC) is more sensitive than UV absorption 
spectrophotometry as a tool for the measurement of DNA melting curves. The advantage of DSC 
is a direct determination of differential melting curves (DMC) obtained without numerical 
differentiation. However, the difference between the helix-coil transition enthalpies of AT and GC 
base pairs can cause distortions in the shape of melting curve. Up to date, the errors caused by 
those distortions were not evaluated. In this study, a simple procedure of recalculation of a 
calorimetric DMC into a real DMC is developed. It demonstrates that the "real" melting curve and 
differential melting curve deviate very slightly from the same two curves calculated from DSC 
data. The melting temperature and the temperature melting range are usually the same even if the 
difference in the enthalpies is several times higher than a real one.  

 
Differential scanning calorimetry – high-resolution melting profiles – DNA plasmids –  

calf thymus DNA 
 

¸ÜÂ-Ç Ñ³ÉÙ³Ý Ïáñ»ñÇ ëï³óáõÙÁ ¹Çý»ñ»ÝóÇ³É ëÏ³Ý³íáñáÕ Ï³ÉáñÇÙ»ïñÇ (¸êÎ) ÙÇ-
çáóáí ³í»ÉÇ ×ß·ñÇï ¿ ù³Ý` àõØ ëå»ÏïñáýáïáÙ»ïñÇ ÙÇçáóáí: ¸êÎ-Ç ³é³í»ÉáõÃÛáõÝÁ Ï³-
Û³ÝáõÙ ¿ Ñ³ÉÙ³Ý ¹Çý»ñ»ÝóÇ³É Ïáñ»ñÇ (Ð¸Î) áõÕÕ³ÏÇáñ»Ý áñáßÙ³Ý Ù»ç, ³é³Ýó Ãí³ÛÇÝ ¹Ç-
ý»ñ»ÝóÙ³Ý: ²ÛÝáõÑ³Ý¹»ñÓ, ²Â ¢ ¶ò-ÑÇÙù»ñÇ ½áõÛ·»ñÇ ¿ÝÃ³ÉåÇ³Ý»ñÇ ï³ñμ»ñáõÃÛáõÝÁ Ï³-
ñáÕ ¿ Ñ³Ý·»óÝ»É Ñ³ÉÙ³Ý ÏáñÇ ï»ëùÇ Ë³ËïÙ³Ý: ØÇÝã ûñë ³Û¹ ï³ñμ»ñáõÃÛ³Ùμ å³ÛÙ³Ý³-
íáñí³Í ëË³É³ÝùÇ ³ñÅ»ùÝ»ñÁ áñáßí³Í ã»Ý: ²ßË³ï³ÝùáõÙ ³é³ç³ñÏíáõÙ ¿ Ï³ÉáñÙ»ïñÇÏ 
Ð¸Î – «ÇëÏ³Ï³Ý» Ð¸Î í»ñ³Ñ³ßí³ñÏÇ ÁÝÃ³óù: ì»ñ³Ñ³ßí³ñÏÇ ÏÇñ³éáõÙÁ óáõÛó ¿ ïí»É, áñ 
«ÇëÏ³Ï³Ý» Ñ³ÉÙ³Ý ÏáñÁ ¢ Ñ³ÉÙ³Ý ¹Çý»ñ»ÝóÇ³É ÏáñÁ ³ÝÝß³Ý »Ý ï³ñμ»ñíáõÙ ¸êÎ-Ç 
ïíÛ³ÉÝ»ñáí áñáßí³Í ÝÙ³Ý³ïÇå Ïáñ»ñÇó: ì»ñçÇÝë ×Çßï ¿ Ý³¢ Ñ³ÉÙ³Ý ç»ñÙ³ëïÇ×³ÝÇ ¢ 
Ñ³ÉÙ³Ý ç»ñÙ³ëïÇ×³Ý³ÛÇÝ ÇÝï»ñí³ÉÇ Ñ³Ù³ñ ÝáõÛÝÇëÏ »Ã» ²Â ¢ ¶ò-ÑÇÙù»ñÇ ½áõÛ·»ñÇ ¿Ý-
Ã³ÉåÇ³Ý»ñÇ ï³ñμ»ñáõÃÛáõÝÁ ÙÇ ù³ÝÇ ³Ý·³Ù Ù»Í ¿ Çñ³Ï³Ý ³ñÅ»ùÇó:  

 
¸Çý»ñ»ÝóÇ³É ëÏ³Ý³íáñáÕ Ï³ÉáñÇÙ»ïñ  – μ³ñÓñ ÉáõÍáÕ³Ï³ÝáõÃÛ³Ý Ñ³ÉÙ³Ý åñáýÇÉÝ»ñ – 

åÉ³½ÙÇ¹³ÛÇÝ ¸ÜÂ – ÑáñÃÇ áõñó³·»ÕÓÇ ¸ÜÂ 
 

Измерение кривых плавления ДНК методом дифференциальной сканирующей кало-
риметрии (ДСК) является более точным, чем при использовании УФ-спектрофотометрии. 
Преимуществом ДСК является прямое определение дифференциальных кривых плавления 
(ДКП), получаемых без численного дифференцирования. Тем не менее, разница в энталь-
пияx АТ и ГЦ-пар оснований может вызвать искажения в форме кривой плавления. До нас-
тоящего времени величины ошибки, вызванной этим различием, не было определено.  

В этой работе предлагается простая процедура пересчета калориметрических ДКП в 
"истинные" ДКП. Ее применение показало, что "истинная" кривая плавления и дифферен- 
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циальная кривая плавления незначительно отличаются от аналогичных кривыx, рассчитан-
ных по данным ДСК. 

Последнее справедливо для температуры плавления и температурного интервала 
плавления даже в случае, если разница в энтальпии АТ и ГЦ-пар в несколько раз выше ее 
реальной величины. 

 
Дифференциальная сканирующая калориметрия – профили плавления высокого- 

 разрешения – плазмидная ДНК – ДНК тимуса теленка 
 

The differential scanning calorimetry (DSC) gives more accurate melting profiles 
than UV absorption spectrophotometry as a tool for the measurement of DNA melting. The 
advantage of DSC is a direct determination of differential melting curves (DMC) obtained 
from thermograms without numerical differentiation. However, there is a widely spread 
opinion that calorimetry has shortcomings that hinder exact determination of the melting 
curve, differential melting curve (DMC), melting temperature and temperature melting 
range. The most important of them is the difference between the helix coil-transition 
enthalpies of AT and GC base pairs. Because of lower enthalpy of AT base pairs, the low 
temperature part of calorimetric DMC that corresponds to melting of AT-rich regions is 
lower than real DMC that is the first temperature derivative of the fraction of melted base 
pairs (fig. 1A and 2). The high temperature part corresponding to melting of GC-rich 
regions is located above the real DMC. The calorimetric melting curve is shifted towards 
higher temperature (fig. 1B). At the same time, there is no exact evaluation of the distortion 
value caused by this effect.   

 

 
 

 
Fig. 1 A) Calorimetric differential melting curve (DMC) simulated with the Gaussian function characterized with 

the temperature melting interval T=15oC and the results of its recalculation into the real DMC for                            
HAT = 8500 cal/(mol bp), HGC=12500 cal/(mol bp). B) Calorimetric and real melting curves, which correspond with 

the differential melting curves depicted in fig. 1A. 
 
 

As the differential scanning calorimetry, the UV registration of DNA absorption 
also does not directly measure the fraction of melted base pairs, and various methods are 
required to escape experimental errors [1-3]. However, the contribution to the total change 
of absorbance is approximately the same for AT and GC base pairs at =270 nm [1, 2].  
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Fig. 2 Calorimetric DMC for calf thymus DNA and results of its recalculation into the real DMC for                  
HAT=8500 cal/(mol bp), HGC=12500 cal/(mol bp). 

 
In this study, a simple procedure of recalculation of a calorimetric DMC into a 

"real" DMC is proposed. Its use demonstrates that the method of differential scanning 
calorimetry causes negligible error in the determination of the melting curve, differential 
melting curve (DMC), melting temperature and temperature melting range.  

 
Materials and methods. Ultra pure calf thymus DNA was used (protein<0.1%, 

RNA<0.1%, molecular mass ~30 MDa). The properties of this DNA have been previously des-
cribed [6]. High-resolution melting profiles were obtained using a model of differential scanning 
microcalorimeter DASM 4 (Biopribor, Russia) with a cell volume 0,5 ml. In the DSC experiments, 
we followed standard procedures [9]. The melting was carried in 0,1 M NaCl, 5 mM Na2CO3,         
0,05 mM EDTA, pH 7.   

In this study, the first derivative of the temperature dependence of the fraction of melted 
base pairs is called a "real differential melting curve" ('T(T)) to distinguish it from the calorimet-
ric differential melting curve ('cT(T)) obtained from thermograms by subtraction of buffer baseli-
ne, sample baseline and normalization. The calorimetric melting curve c(T) is calculated by integ-
ration of the calorimetric differential melting curve 'cT(T), i.e., it is the temperature dependence of 
heat absorption normalized to the total heat absorption caused by the DNA helix-coil transition. 
Both calorimetric dependences can be expressed through the additional heat capacity caused by the 
helix-coil transition (Cp(T)):    

 

' ( ) ( ) / ( )
T

Te

c p p

Ts

T C T C t dt                                                  (1), 

'( ) ( ) ( ) / ( ) ( ) /
T

T T Te

c c p p

Ts Ts Ts

T t dt C t dt C t dt H T H 


           (2) 

 
 
where Ts and Te are the start and end of the temperature interval of the DNA helix-coil 

transition, H(T) is the heat absorption at a given temperature and H


is the total heat absorption 
caused by the DNA helix-coil transition that is equal to its enthalpy.  

Real melting temperature (Tm) and calorimetric melting temperature (Tmc) correspond to 
the half of melted base pairs and to the half of additional heat absorption caused by the helix-coil 
transition, respectively. The temperature melting range for both cases (T=1/'T(Tm) and 
Tc=1/'cT(Tmc)) were determined as the inverse of the real or calorimetric DMC at melting 
temperature. 
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The study was carried out for calf thymus DNA, EcoRI-cut pBR322 DNA, and two 

calorimetric DMC curves simulated with the Gaussian function. The latter curves correspond to 
low and high DNA heterogeneity with the temperature melting range T=3 or 15oC, respectively. 
The two values of the difference in enthalpies of GC and AT base pairs were considered: 1.1 and  
4 kcal per mole of base pairs. The first value is used in different studies [10], and is closer to the 
experiment carried out for natural DNAs of various GC content [5]. The second difference occurs 
between enthalpies of the most [GC (CG)] and the least [TA (AT)] stable duplets of the nearest 
neighbors of base pairs [1]. It is the highest possible limit of the enthalpy difference.  

The set of the thermodynamic parameters corresponding to the low (1.1 kcal) enthalpy 
difference is the following: TAT=65,2oC, TGC=107,8oC, HAT=8.4 kcal/(mol bp), HGC=9.5 kcal/(mol 
bp), SAT=SGC=24.8 cal/(mol bpK-1) [10]. It corresponds to case of entropies that are equal for AT 
and GC base pairs. The second set was used as an illustration of the extreme case of a very high 
difference in enthalpies (4 kcal/(mol bp)): TAT=65,2oC, TGC=107,8oC, HAT= 8,5 kcal/(mol bp), 
HGC=12,5 kcal/(mol bp), SAT=25,12 cal/(molbpK-1), SGC=32.81 cal/(mol bpK-1). 

For EcoRI-cut pBR322 DNA, the Poland-Fixman-Freire approach [8, 9] was used for 
direct calculation of real and calorimetric DMC for both sets of parameters. Then the method of 
recalculation developed in this study was applied to obtain a real DMC from a calorimetric one. 
Both approaches give very close real melting curves. 

 
Results and Discussion.  
 

Calculation of real melting curve from calorimetric melting curve. 
Let the temperature Tl correspond to the melting out of the DNA regions with the 

average GC composition xl. At that temperature, the majority of regions with x<xl are 
almost fully melted. If x>xl, the regions are almost fully helical. It is obvious that 

  

xl = (Tl-TAT)/(TGC - TAT)                      (3) 
 

The average per base pair enthalpy for those regions (Hl(Tl)) is given by Eq.(4): 
 

Hl(Tl)=(1- xl)HAT + xlHGC = HAT + xl(HGC-HAT)               (4) 
 

Hl(Tl) can be represented in the following way:  
 

Hl(Tl)= HAT + 
T TATl

T TGC AT




(HGC-HAT)                      (5) 

 
Using Hl(Tl), one can obtain the heat absorption at a given temperature (H(T)) and 

the total heat absorption (average enthalpy) caused by the DNA helix-coil transition 

( H ), and then calculate calorimetric melting curve as c(T)= H(T)/ H . Let us represent 
Eq.(5) in the following way: 

 
Hl(Tl)= A + BTl                                         (6) 

where 
A=(TGCHAT-TATHGC) / (TGC -TAT)              (7) 

 
B=(HGC-HAT) / (TGC -TAT)                            (8) 

 
Then the additional heat absorption that is caused by partial helix-coil transition 

under heating to temperature T is given by Eq.(9):   

' '( ) ( ) ( ) d ( ) ( )
T T

l t t

Ts Ts

H T H t t t A T B t t dt                                         (9) 
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If TTe (i.e., for full DNA melting), H(T) is equal to the average per base pair 

enthalpy ( H ):     

TBATHH e  )(                                   (10) 

where  

' ( ) d
Te

t

Ts

T t t t                                             (11) 

The calorimetric melting curve, which is the temperature dependence of the frac-
tion of heat absorption caused by the helix-coil transition, can be represented in the fol-
lowing way:    

 
T

Ts
tc TBAtttBTAHTHT   )( /]d)()([/)()( '      (12) 

Differentiating Eq.(12), calorimetric DMC can be expressed in terms of real DMC 
(Eq.(13)): 

)()](/)[()( '' TTBATBAT TTc                  (13) 

 
For our study, it is more required to obtain an expression for real DMC ('T(T)) in 

terms of calorimetric DMC (')CT(T)):  

)]()](/)[()( '' TTBATBAT TcT            (14) 

 

The expression for 'T(T) includes T  that can be found from experimental 
function 'cT(T) by the following transformation of Eq.(14):   

)/()()(/)( '' TBATTBAT TTc        (15) 

 
Then both parts are integrated with respect to T between Ts to Te. As a result, one 

obtains Eq.(16) for T :  

BACT /)( 1                                              (16) 

where A and B are given by Eqs. (7),(8) and   

 
Te

Ts
tc dttBAtC )](/)([ '                           (17) 

Thus, Eqs.(14), (16), (17) give 'T(T) in terms of 'cT(T). 
 

 
Results of calculation. As follows from Eq. (14), calorimetric DMC is located 

lower than real DMC at T T


 and higher at T T


 . It is well seen from fig. 1A and 2. It 
is also obvious that a stronger difference of a calorimetric melting curve from the corres-
ponding real melting curve occurs for a larger temperature melting range.  

Recalculation of experimental calorimetric curve 'c(T) into a real one 'T(T) 
using Eqs.(14), (16), (17) was carried out for experimental DSC curve of calf thymus 
DNA and DSC curves simulated with the Gaussian function. Additionally, the same 
expressions were used for recalculation of calorimetric melting curve computed for of 
EcoRI-cut pBR322 DNA into a real one. The melting temperature and temperature 
melting range were also determined for all types of curves.  
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If the difference in enthalpy is equal to the value obtained for DNA with different 

GC content [5, 10], i.e., ~1 kcal per mole of base pairs, then the calorimetric curves           
(c, 'cT) and real curves (, 'T) are very close in all considered cases (results of calcu-
lation are not shown). The difference in melting temperature and melting range for two 
types of curves also does not exceed 0.1oC. Unfortunately, the exact dependence of en-
thalpy on GC content, similar to that was obtained for melting temperature [1], has not 
been determined directly. Therefore we have done computation for a possible highest 
difference between enthalpies of AT and GC base pairs. Calorimetric melting studies of 
the heteropolymeric poly[d(AT)]-poly[d(AT)], poly[d(AC)]-poly[d(GT)], and 
poly[d(GC)]-poly[d(GC)] duplexes and the homopolymeric poly[d(A)]-poly[d(T)] 
duplex demonstrate that the maximal difference in enthalpies of AT and GC base pairs 
can not be higher 4 kcal per mole of base pairs [3]. The same difference occurs for 
enthalpies of the most GC (CG) and least TA (AT) stable nearest neighbors of base pairs 
[1]. However, the maximal difference between all other nearest neighbors is reliably less 
than 2 kcal per mole of base pairs [1], and the last value also exceeds the upper limit of 
the average difference between GC and AT-base pairs. 

Our calculation demonstrates that the calorimetric and real curves are also very 
close for EcoRI-cut pBR322 DNA and for the Gaussian curve with T=3oC even in the 
case of these high 4 kcal difference (the results are not shown). As follows from these 
results and Eq.(13), high deviation between real and calorimetric melting curves can take  
place only when both the temperature melting range and the difference in the enthalpy of 
AT and GC base pairs are high. Therefore the difference between calorimetric and real 
curves (fig. 1 and 2) is seen only for the calorimetric DMC curve simulated with the 
Gaussian function characterized with a large temperature melting range (T=15oC, fig. 1) 
and for DNA from calf thymus (T=10.6oC, fig. 2). Because of lower enthalpy of AT 
base pairs, the low temperature part of calorimetric DMC that corresponds to melting of 
AT-rich regions is lower than real DMC (fig. 1A and 2). The high temperature part 
corresponding to melting of GC-rich regions is located above the real DMC. As follows 
from the fig. 1B, calorimetric melting curve is always shifted towards higher temperatu-
res. However, the difference in melting temperature is less than 0.3oC. The difference in 
the temperature melting range measured for calorimetric and real melting curves is less 
than 0.05oC. However, it should be pointed that the real difference in enthalpies is 2-4 ti-
mes less then the value of 4 kcal taken for demonstration of the enthalpy effect. The ave-
rage value 1.1 kcal is rather closer to the real difference [5, 10] than the extreme case of 
4 kcal difference. Therefore, a deviation of calorimetric curves from real ones is much 
lower than that demonstrated in the fig. 1 and 2. 

Thus, the results of our work demonstrate that melting curve calculated as a 
relative heat absorbance caused by DNA helix-coil transition c(T) is very close to the 
fraction of melted base pairs (T) and can be used without any recalculation. The close-
ness of the differential melting curves, melting temperatures and temperature melting 
ranges is also demonstrated. 
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