
 1

OPTICAL STUDY OF DNA MELTING 
 

 
DNA is a unique molecule in that it is the only common 
molecule capable of directing its own synthesis. DNA is a 
double helix. The outer edges are formed of alternating 
ribose sugar molecules and phosphate groups, which make a 
phosphor-ribose backbone. Each strand has a direction, 5’-
3’, and the two strands go in opposite directions. The 
nitrogenous bases are “inside” like rungs on a ladder. There 
are two types of nucleobases: purines (A and G) an d 
pyrimidines (C and T/U). Adenine on one side pairs with 
thymine (uracil in RNA) on the other by hydrogen bonding, 
and cytosine pairs with guanine. Note that the C-G pair has 
three hydrogen bonds while the A-T pair has only two, 
which keeps them from pairing incorrectly.  
 
  

 
DNA denaturation, also called DNA melting, is the 
process by which double-stranded DNA unwinds and 
separates into single-stranded strands through the 
breaking of hydrogen bonding between the bases. For 
multiple copies of DNA molecules, the melting 
temperature (Tm) is defined as the temperature at which 
half of the DNA strands are in the double-helical state 
and half are in the "random-coil" states. The melting 
temperature depends on both the length of the molecule, 
and the specific nucleotide sequence composition of that 
molecule. 

 
The process of DNA denaturation can be used to analyze some aspects of DNA. Because cytosine / 
guanine base-pairing is generally stronger than adenosine / thymine base-pairing, the amount of 
cytosine and guanine in a genome (called the "GC content") can be estimated by measuring the 
temperature at which the genomic DNA melts. Higher temperatures are associated with high GC 
content. 
 

 
 
 
 
 
 
 
 
 
 
  

 

Short oligonucleotides melt in the all-or-none fashion. Long DNA melts in zones. 
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Double-stranded DNA (dsDNA) can be melted to single-stranded DNA (ssDNA), which means that 
the two strands of DNA duplex dissociate upon increase of temperature.  Factors that affect DNA 
melting are:  

 heat – shifts the equilibrium from helix to coil  
 pH extremes – ionization of DNA bases shifts the equilibrium towards base pair disruption  
 denaturing agents (formamide, urea) - interfere with hydrogen bonding and stacking 

interactions destabilizing double helix  
 salt extremes - affect electrostatic interactions between charged DNA strands  

 
Each of the four nucleotide bases has a slightly different 
absorption spectrum, and the spectrum of DNA is the average 
of them. A pure DNA solution appears transparent to the eye, 
and absorption doesn't become measurable until 320 nm. Moving 
further into the UV region, there is a peak at about 260 nm, and 
beyond this the solution becomes essentially opaque in the far 
UV.  A solution of double stranded, native DNA, with a 
concentration of 50 µg/mL has an absorbance of about 1.0 at the 
260 nm peak.  The absorbance of DNA in the UV is the reason 
UV radiation can be used to sterilize: the absorbed energy 
destroys the DNA and kills the organism. It is also the reason 
UV causes skin cancer: the absorbed radiation causes mutations 
which inactivate regulatory mechanisms needed to control cell 
division. 

 
When the nitrogen bases are hydrogen 
bonded and in close proximity they cannot 
absorb light as well as when they are 
exposed.  When DNA is denatured, the 
duplex DNA is transformed into single-
stranded DNA which results in an increase 
of absorbance at 260 nm.  The temperature 
at which denaturing occurs (Tm) is what will 
be measured experimentally.  
 
 
 
 

 
Based on the calibration curve (Tm versus AT/GC 
content), the approximate AT/GC content of the 
DNA strand can be estimated. 
 
 
 
 
 
 
 


