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The Helix-Coil Transition of Plasmid DNA and Genetic Function

Yoshimi Maeda

Differential scanning calorimetry (DSC) of several plasmid DNAs was carried out. The
DSC cutves for the DNAs linearized with a restriction enzyme provided several peaks due
to the stepwise transition of double-stranded DNA to single-stranded DNA along the
molecular chain. These DSC curves are very similar to the melting profiles constructed by
calculation from the entire base sequences of these plasmids according to the helix-coil
transition theory. The theoretical analysis shows that the boundaries of cooperative melt-
ing regions of the DNA coincide with the end regions of each of the coding regions. The
interaction between various drugs and plasmid DNA was also studied by the DSC method.
The DSC curves of DNA in the presence of drugs are affected in the characteristic manner
depending upon the interaction mode of the drug, demonstrating that DSC method isvery
useful for the study of the drug-DNA interaction.
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Fig. 1 DSC curves of phage and chromosomal
DNAs. A heat-flux type of differential
scanning calorimeter (DSC), SSC 560U
(Seiko Instruments & Electronics Ltd.,
Tokyo) was used at a heating rate of 0.75
K min~!. (1) T4 DNA, (2) salmon testes

DNA, (3) calf thymus DNA.
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Adiabatic DSC and theoretical melting
curves of the plasmid pJL3-TBS DNA.
Panel a. About 0.5 ml DNA sample
(0.05%) was scanned at a heating rate of
0.25 K min™! using an adiabatic differ-
ential scanning microcalorimeter, DASM-
4 (Academy of Science of the USSR,
Moscow) (curve 1), Curve 2 shows the
second scan of the renatured DNA of
curve 1. Panel b. Curve 1 shows the
theoretical melting profile obtained by
the helix-coil transition theory using the
conventional base-pair parameters, and
curve 2 shows the theoretical melting
profile using the base-pair parameters,
including that specific for the methylated
adenine-thymine pair (see also ref. 9).
Curve 3 and curve 4 show the theoretical
melting curves using the stacking para-
meters obtained by Gotoh and Tagashira
(36, 50), for 1 x SSC buffer and tor 0.1
x SSC buffer, respectively,
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Fig. 3 DSC and theoretical melting curves of
ColE1l DNA. The DNA samples of 0.06
ml (0.55%) were scanned at a heating
rate of 0.5 K min~! using a heat-flux type
DSC (see Legend to Fig. 1). (a) 1.0 x SSC
buffer solution: (1) Ist heating, (2) cool-
ing after 1st heating, (3) 2nd heating, (4)
theoretical curve calculated by the base-
pair model. (b) 0.1 x SSC buffer solution:
(1) 1st heating, (2) cooling after 1st heat-
ing, (3) 2nd heating, (4) theoretical curve
calculated by the stacking model (see also
ref. 7).
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Fig. 5 Comparison of DSC curves and theoretical
melting curves constructed using the
parameters obtained experimentally by
Breslauer et al. (ref. 38). (a) DSC curves
of (1) pTSO125 DNA (5382 bp in length)
obtained by an adiabatic type calorimeter
(see Legend to Fig. 2 and also ref. 8) and
(2) pJL3-TB5 DNA obtained by a heat-
flux type calorimeter (see Legend to Fig,
1). (b) Theoretical melting curves of (1)
pTSO125 DNA and (2) pJL3-TBS DNA.
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show the transcriptional promoters. The
boundaries of the cooperatively melting
regions coincide with the ends of each of
coding regions (see also ref. 9).
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Fig. 8 Comparison of the thermal stability map

with the genetic map of ColEl (ref, 7).
See Fig. 7 for other indications.
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Fig. 9 Comparison of the thermal stability map
with the map of open reading frames of
ColE1l (ref. 7). The boundaries of co-

operatively melting

regions do not

correlate with the end regions of open
reading frames which may not encode
proteins. See Fig. 7 for other indications.
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Fig. 10 Effect of aclacinomycin A on the step-
wise melting of pJL3-TB5 DNA moni-
tored by a heat-flux type DSC. About
60 mg of the DNA-drug mixtures
containing 300 ug DNA in 1 x SSC
buffer solution was scanned at a heating
rate of 0.5 K min~!. The mole ratios of
drug to base-pair concentrations in the
solution are: (1) 0, (2) 0.006, (3) 0.018,
(4) 0.03, (5) 0.06.
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Fig. 11 Deconvolution of adiabatic DSC curve

of pJL3-TBS DNA. Curve 1 shows the
adiabatic DSC curve of pJL3-TB5 DNA
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ructed curve using thermodynamic
parameters obtained from deconvolu-
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