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B-DNA Structure and Stability: The Role of Nucleotide
Composition and Order

What is the most significant result of this study?
The stability of duplex DNA does not solely depend on the

base pair composition, but also on the order in which the nu-
cleobases occur. In this work, we pinpoint the origin of these

effects and provide guidelines for predicting the stability of
DNA duplexes relative to their single-stranded counterparts.

Our quantum chemical analyses unexpectedly identify the loss

of stacking interactions within individual strands as a destabi-
lizing factor in the duplex formation, in addition to the better-

known effects of partial desolvation. We show that, and how,
the sequence-dependence of the duplex stability originates

mainly from the so-called diagonal interactions or cross-terms
between nucleobases of two adjacent Watson-Crick pairs.

These cross-terms can be stabilizing or destabilizing, depend-

ing on the attractive or repulsive nature of the diagonal elec-
trostatic interactions.

What aspects of this project do you find most exciting?
It is exciting that both the structure and stability of large bio-

molecules such as DNA, can not only be simulated by quan-
tum chemical computations but also understood and traced

back to simple and intuitive physical principles.

What was the biggest challenge?
Biological systems are the product of ages of evolution, involv-
ing energy differences that are often tiny and yet, literally, of
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vital importance. These circumstances constitute a challenge
for elucidating the key physical principles behind the se-

quence-dependent differences in DNA stability. Nevertheless,
through extensive analyses of the geometric and electronic

structure of the single strands, we succeeded in developing a
unified model to rationalize the stability of DNA duplexes.

What future opportunities do you see?
Our newly developed rules for the quantitative prediction of
DNA duplex stabilities have the potential to contribute to a
better understanding of all kinds of problems related to the
function of DNA, gene expression, and genome stability.

ChemistryOpen2022, 11, e202200013 (2 of 2) T 2022 Wiley-VCH GmbH

ChemistryOpen
Cover Profile
doi.org/10.1002/open.202200013

 21911363, 2022, 2, D
ow

nloaded from
 https://chem

istry-europe.onlinelibrary.w
iley.com

/doi/10.1002/open.202200013 by U
niversity O

f L
eiden, W

iley O
nline L

ibrary on [21/12/2022]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense


