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MELTING BEHAVIOR AND STABILITY
OF (dA)g+(dT)s DOUBLE HELIXY

Naoki SUGIMOTO,* and Muneo SASAKI
Department of Chemistry, Faculty of Science, Konan University,
8-9-1 Okamoto, Higashinada-ku, Kobe 658, Japan

ABSTRACT: Melting behavior and stability of double helix of octa-
deoxyribonucleotides, (dA)g+(dT)g, have been studied by a UV
measurement and a calculation of nearest-neighbor model. The helix of
(dA)g+(dT)g exhibited the thermodynamic parameters similar to those of B-
form DNA.

INTRODUCTION

Structure and function of nucleic acids are well known to be sequence
dependent.1) It should be relatively easy to understand the molecular basis
of functions by nucleic acids if the secondary and tertiary structures of the
nucleic acids can be predicted.

In order to estimate the melting temperature, Tm, at which 50% of the
double strand (the secondary structures) has dissociated into its two single
strands, the rule of Wallace et al2) has been used for a DNA helix. The rule
is based on the rough assumption that the Ty value increases 2 0C per
dA:dT base pair and 4°C per dG:dC base pair. Current prediction methods
of the structures of nucleic acids, especially deoxyribooligonucleotides3.4)
and ribooligonucleotides,d.6) by the thermodynamic parameters for the
formation of a base pairing depend largely on the nearest-neighbor model.”)
It has been known that the method can predict the stability of the

TThis paper is dedicated to the late Professor Tohru Ueda, Hokkaido University.
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ribooligonucleotide double helices with perfect base pairs8:9) and was
applied to the studies of RNAs.10-12) However, the method has not been
applied directly to the prediction of the stability of deoxyribooligonucleotide
double helices.

In this work, we have studied melting behavior and stability of
octadeoxyribonucleotide double-helix consisting of dA:dT base pairs,
(dA)g+(dT)8, by a UV measurement and the improved nearest-neighbor
calculation4) This study can provide insights into the dependence of the
behavior of (dA)8+(dT)8 on temperature and whether the values of the
thermodynamic parameters for each base pairing of a DNA are valid.

EXPERIMENTAL

Materials. The octadeoxyribooligonucleotides, (dA)g and (dT)g, were
obtained from Pharmacia and purified with high-performance liquid
chromatography (HPLC) and desalted with a C-18 Sep-Pak cartridge. Final
purity of the oligomer checked by HPLC was greater than 99 %.
Oligonucleotide concentrations (Cy) as strand concentrations were calculated
from the high-temperature absorbance.!3) Single-strand extinction
coefficients were calculated from extinction coefficients of dinucleotide
monophosphates and nucleotides.14) The buffer was 1 mol dm-3 NaCl,
10-2mol dm-3 NagHPO4, and 103 mol dm-3 Na2EDTA, pH 7.0. Prior
to dilution of the oligonuclotides, the buffer was degassed by heating to
900C for 10 min.

UV Measurement. UV melting curves (absorbance vs. temperature
curves) were measured at 260 nm on Hitachi U-3200 and U-3210
spectrophotometers. The heating rate was 0.5 or 1.0 ©C/min regulated by
Hitachi SPR-7 and SPR-10 temperature-controllers. Nine melting curves
were measured over a 50-fold range in strand concentration.

Thermodynamic Parameters. Thermodynamic parameters for
double-helix formation were obtained by two methods. (1) Reciprocal
melting temperature, Ty~ 1, was plotted against log(C¢/4) to give enthalpy
and entropy changes (AHO and ASO) with eq. 1;15)

Tm~! = (2.303R/AHO) log(Cy¢4) + (ASO/AHO) (1)
where R is the gas constant. (2) Enthalpy and entropy changes were derived
from fitting individual melting curves to the calculation curves with sloping
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FIG. 1. Melting curves of (a) 143, (b) 67.1, (c¢) 10.8, and (d) 3.33 pmol
dm3 (dA)8~(dT)g in 1 mol dm-3 NaCl buffer.

base lines!6) in order to confirm the results obtained with the method (1)
described above.

Nearest-Neighbor Calculation. According to the nearest-neighbor
model,3-5) a free-energy change (AG®) of helix formation for non-self-
complementary sequences consists of two terms: (1) a free-energy change
for helix initiation associated with forming the first base pair in the duplex,
and (2) a sum of propagation free energies for forming each subsequent
base pair. Therefore, the stability of the deoxyribooligonucleotide double
helices can be calculated with the parameters of Breslauer ez al 3) for helix
initiation and propagation. However, their parameters, though are generally
good, are not complete at some nearest-neighbor base pairs, and then the
predicted stability of some sequences is not consistent with the measured
value17) In this work, therefore, the improved nearest-neighbor
parameters?) were used to calculate the stability of the double helices.
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FIG. 2. Plot of Tm~ ! vs. log(Cy/4) for (dA)8+(dT)8 .

TABLE 1. Calculated Thermodynamic Parameters for Double-Helix
Formation of (dA)g+(dT)g @

-AHO -ASO -AGO25 Tm
oligomer kcal mol-l  cal mol-1K-1  kcal mol-1 °C
(dA)g+(dT)g 62.7 188 6.65 26.8
(59.8) (178) (6.73) 27.7)

a) The values in the parentheses were obtained from the plot for
(dA)g+(dT)g in Fig. 2. Estimated errors are £4% in AHO, £4% in AS©,
18% in AGO25> and 4% in Tm, respectively. b) The melting temperature
is for 104 mol dm-3 (dA)g(dT)g.
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RESULTS AND DISCUSSION

Meiting Behavior of (dA)g+(dT)8. Figure 1 shows the typical
melting curves of (dA)g+(dT)8 which were normalized by the absorbance at
50 ©C. In Fig. 1, the continued increase in the absorbance at 260 nm with
temperature above 40 OC is due to the unstacking of single stranded (dA)8
since (dT)g does not show this behavior. The value of Ty increases with
increasing concentration of (dA)g+(dT)8. Doubling the concentration of
(dT)8 in the solution, {dA]:[dT]=1:2, did not alter the magnitude of the
absorbance change at 260 nm, indicating triple helices which existed in 50
mmol dm-3 MgCly buffer at a low temperature rangel8) were not formed
under the present condition.

The Predicted and Observed Thermodynamic Parameters. Plot
of Tm~1 vs. log(Cy/4) (dA)g+(dT)g for is shown in Fig. 2. If the melting is
a two-state transition, that is, double-helix to single strand transition, the plot
should be linear. The result shows that the melting of (dA)g+(dT)8 is a two-
state transition.

The values of AHO, ASO, AG0)3, the free-energy change at 25 0C, and
Tm calculated with the improved nearest-neighbor parameters are listed in
Table 1 with the values obtained from the plot for (dA)g«(dT)g in Fig. 2.

The AHO, ASO, AGO25, and Tm of -59.8 kcal mol-1, -178 cal mol-1
K-1, -6.73 kcal mol-1, and 27.7 °C, respectively, measured for (dA)g+(dT)8
in this work are close to the predicted values as shown in Table 1,
suggesting that the double helix has thermodynamic properties expected for
B-form DNA. The results also suggest that the double helix exists not as
slipping duplexes with 5’ and 3' dangling ends20) but as the duplex with
fullmatch dA:dT base pairs, because the slipping duplexes have larger
predicted values of AG©25 than the measured values in Table 1, though
those duplexes may exist transiently.4)

ACKNOWLEDGMENTS
We thank Yuki Shintani, and Akiko Matsumura for their helpful
discussions. This work was partly supported by the Grand-in-Aid for
Scientific Research on Priority Areas from the Ministry of Education,
Science and Culture, Japan.



Downl oaded At: 20:13 26 January 2011

520 SUGIMOTO AND SASAKIL

REFERENCES

1. W. Saenger, "Principles of Nucleic Acid Structure,” Springer, New York
(1984).

2. R. B. Wallace, J. Shaffer, R. F. Murphy, J. Bonner, and K. Itakura,
Nucleic Acids Res., 6, 3543 (1979).

3. K. J. Breslauer, R. Frank, H. Blocker, and L. A. Marky, Proc. Natl.
Acad. Sci. USA, 83, 3746 (1986).

4. N. Sugimoto, Y. Shintani, and M. Sasaki, Mem. Konan Univ., Sci.
Series, 38, in press (1991).

5. 8. M. Freier, R. Kierzek, J. A. Jaeger, N. Sugimoto, M. H. Caruthers, T.
Neilson, and D. H. Turner, Proc. Natl. Acad. Sci. USA, 83, 9373 (1986).

6. D. H. Turner, N. Sugimoto, and S. M. Freier, Ann. Rev. Biophys.
Biophys. Chem., 17, 167 (1988).

7. 1. Tinoco, Jr., O. C. Uhlenbeck, and M. D. Levine, Nature, 230, 363
(1971).

8. R. Kierzek, M. H. Caruthers, C. E. Longfellow, D. Swinton, D. H.
Turner, and S. M. Freier, Biochemistry, 25, 7840 (1986).

9. N. Sugimoto, K. Hasegawa, and M. Sasaki, Chem. Express, 5, 249
(1990).

10. N. Sugimoto and M. Sasaki, Bull. Chem. Soc. Jpn., 62, 3745 (1989).

11. D. Herschlag and T. R. Cech, Biochemistry, 29, 10159 (1990).

12. N. Sugimoto and M. Sasaki, Chem. Lett., 1991, 345.

13. N. Sugimoto, K. Hasegawa, A. Matsumura, and M. Sasaki, Chem.
Lett., 1991, 1291.

14. E. G. Richards, "Handbook of Biochemistry and Molecular Biology:
Nucleic Acids,” ed by C. D. Fasman, CRC, Cleveland (1975), vol I,
p.197.

15. N. Sugimoto, Y. Shintani, and M. Sasaki, Chem. Express, 5, 65 (1990).

16. N. Sugimoto, A. Tanaka, Y. Shintani, and M. Sasaki, Chem. Lett., 1991,
9.

17. N. Sugimoto, K. Honda, and M. Sasaki, submitted for publication.

18. N. Sugimoto, Y. Shintani, and M. Sasaki, Chem. Lett. 1991, 1287.

19. A. P. Williams, C. E. Longfellow, S. M. Freier, R. Kierzek, and D. H.
Turner, Biochemistry, 28, 4283 {1989).

20. N. Sugimoto, T. Sugano, and M. Sasaki, Mem. Konan Univ., Sci.
Series, 37, 77 (1990).

Received 8/31/91
Accepted 11/7/91



