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Preface

Over the past decade, the enormous develop-
ment of recombinant DNA technology and the
resulting explosive growth in DNA sequence
data have considerably promoted our under-
standing of the primary structure of eukaryotic
genes. Though the linear array of bases with-
in a gene and its regulatory sequences reveals
their identity. coding qualities and potential
funct’ 3, .+ .inportance for the switching-
on and switching-off of genes is very limited.
The actunal function of a gene is directed by its
three-dimensional arrangement within its
“chromatin” environment, where "chromatin"
describes the specific association of nuclear
proteins with the various topological forms of
DNA. Imposed on the primary sequence of
DNA, this architecture is a result of various
DNA conformations, specific DNA-protein-
and protein-protein-interactions and their
gross or subtle changes in response to intrin-
sic or environmental stimuli. In essence, a
deeper understanding of how eukaryotic genes
function in vivo depends on a most detailed
and complete knowledge of how the chro-
matin architecture around these genes is ar-
ranged, altered and rearranged.

Though considerable progress has been made
in various fields of chromatin research in its
broadest sense, no single treatise has yet been
dedicated to a synopsis of all aspects of this ex-
tremely complex nuclear structure. The present
book aims at filling this gap, and covers an enor-
mous spectrum of topics. Its strength lies in the
fact that experts with international reputation
have highlighted current research in their field
and presented an overview on most aspects of the

statics and dynamics of chromatin architecture.
The weakness of such a book inevitably lies in
its advice to the reader to piece together the mo-
saics for a yet incomplete picture by himself.
Clearly some aspects would have deserved more
detailed treatment, in some cases a seperate chap-
ter. In spite of these, and maybe other insufficien-
ces as well, the various authors have striven to
present not only excellent up-to-date reference
texts but have also presented highlights from the
forefront of current. research. Extended biblio-
graphies allow the reader to pursue specific to-
pics in greater depth.

Since this book is based on a symposium on
chromatin structure of plant genes organized by
the editor in 1986, it included work both on ani-
mal or human and plant chromatin, so that direct
comparisons of this structure from different
kingdoms can be made. It is the hope of the edi-
tor that this should encourage the exchange of
ideas between scientists from both fields.

Although aware of the fact that the contribu-
tions cannot adequately describe the compiex
gene architecture in toto, I nevertheless address
the book to those students who wish to become
acquainted with or involved in the current re-
search on chromatin architecture, and to those
colleagues who are already engaged in this area
of molecular biology, but still miss such an over-
view. It can be expectad that the study of the
architecture of eukaryotic genes will consider-
ably expand our knowledge in this important
field of molecular biology.

Frankfurt, September 1987 Giinter Kahl



Most of the articles of this treatise are based
on presentations at the First International
Symposium on "Chromatin Structure of Ge-
nes" organized by the editor at the Department
of Biology, Johann Wolfgang Goethe- Uni-
versity, Frankfurt am Main (Germany). This
Symposium was sponsored by the Bundesmi-

nisterium fir Forschung und Technologie,
Deutsche  Forschungsgemeinschaft, Hes-
sisches Ministerium fir Wissenschaft und
Kunst, and the Johann Wolfgang Goethe-Uni-
versitat Frankfurt am Main under the auspices
of the International Society of Cell Biology.
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I. DNA Structure and
Gene Structure






1. Structural and Topological Polymorphism of

DNA

A. Nordheim, R.C. Herrera, K. Meese, L. Runkel, P.M. Scholten, . Schréter and P.E. Shaw

1.1 Introduction

After Watson and Crick (1953) formulated the
concept of the complementary, double-helical
nature of DNA, analyses of the structure and
function of DNA rapidly shed light onto the
molecular basis of biological processes. Much
of our current understanding of molecular ge-
netics is based on insights into the functions
of DNA which themselves are determined to a
large extent by the physical structure of the
double-helix. In fulfilling its various biologi-
cal activities under a variety of different intra-
cellular conditions, DNA is able to undergo
changes in conformation. Variability in DNA
conformation forms the central focus of the
present review. Whereas no detailed descrip-
tion of general aspects of DNA structure is in-
tended, emphasis is placed on the aspect of
flexibility of the double helix structure. The
concept of DNA conformational polymor-
phism is dealt with at two levels. First, vari-
ations in DNA double helix structure (struc-
tural DNA polymorphism) are discussed re-
garding the three major double stranded DNA
conformations (B-DNA, A-DNA, Z-DNA).
Modulations of the B-DNA structure, as are
found in complexes with proteins, are also de-
scribed. Second, variations in helix geometry
are considered with respect to the three-

dimensional arrangement of DNA (topologi-
cal DNA polymorphism), i.e. conditions in
which the direction of the helical axis deviates
from the linear and, consequently, assumes
distinct paths in space (DNA supercoiling,
DNA curvature). Topological DNA polymor-
phism is defined in the context of this review
as a description of variation in shape, appear-
ance and spatial arrangement of double heli-
cal DNA in both topologically constrained
DNA domains (linking number remains con-
stant) and topologically unconstrained do-
mains (linking number is not necessarily con-
stant). Influences of protein binding on the
three-dimensional folding of DNA (DNA ben-
ding, DNA looping) are included in this dis-
cussion. It is obvious that there is a relation-
ship of mutual influence between double helix
geometry and DNA three-dimensional topo-

logy.

1.2 Structural Polymorphism
in the DNA Double-Helix

X-ray diffraction studies of synthetic DNA
have allowed detailed analysis of double he-
lix structure and its  conformational
variability. Structural polymorphism of DNA
has been observed with DNA fibers (e.g.Les-
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lie et al., 1980) as well as with single crys-
tals of DNA (Wang et al,. 1979; Drew et al,,
1981; Fig. 1-1). The high resolution, single-
crystal X-ray analysis (made possible since
the late 1970’s due to advances in DNA oligo-
nucleotide synthesis) has revealed fine details
of DNA structure which have demonstrated
the polymorphic nature of the DNA double
helix. Crystal structures have been solved for
the three major helical forms: A-DNA (Con-
ner er al., 1982; Wang et al., 1982a; Shakked
et al.,, 1983; McCall et al., 1985), B-DNA
(Drew et al., 1981 and left-handed Z-DNA
(Wang et al., 1979; Drew et al., 1980; see sec-
tion 1.4). The distinguishing helical parame-
ters of these three forms are given in Table 1-

Major

Groove

Minor

Z DNA
B DNA

Fig. 1-1 Van der Waals drawings of right-handed B-DNA and
left-handed Z-DNA (after Wang et al., 1979; with permission
of A. Rich, MIT).

Tab. 1-1 Global helical parameters for A-, B- and Z-DNA.

1 and are discussed in a number of detailed re-
view articles (Zimmermann, 1982; Dickerson
et al., 1982; Rich et al., 1984; Saenger, 1984;
Shakked and Rabinovich, 1986; Jovin et al.,
1987). Interestingly the finestructure of all
three helical forms is influenced significantly
by the primary nucleotide sequence (Drew et
al., 1981; Dickersen and Drews, 1981; re-
viewed by Shakked and Rabinovich, 1986).
Additional helix polymorphism has been ob-
served in crystal analyses of DNA-drug com-
plexes (Wang, 1987), DNA-RNA hybrids
(Wang et al., 1982b), DNA mismatches (Ken-
nard, 1987) and DNA segments containing
Hoogsteen-type base pairing (Ughetto et al.,
1985; Quigley et al., 1986).

The observed helix polymorphism is associ-
ated with alterations in the different local helix
parameters. These include tilt, twist, roll, propel-
ler twist, base stacking interactions, slide geo-
metry, sugar pucker and glycosyl bond rotation
(syn/anti). DNA bending and intrinsic DNA cur-
vature may contribute significantly to the spec-
trum of structural variation (see section 1.6). This
spectrum is extended further by local disconti-
nuities within a DNA segment. These include lo-
cally melted regions (Buc, 1987), DNA cruci-
forms (Lilley et al., 1987), junctions between two
helix structures (e.g. B-Z or B-A junctions;
Wang etal., 1979; Selsing et al., 1979), and sharp
bends or kinks (Crick and Klug, 1975).

DNA polymorphism found in crystallo-
graphic studies of complexes between DNA and
proteins is discussed separately in the next sec-
tion (section 1.3). No detailed review, however,
will be given here of the body of literature deal-
ing with biochemical evidence for DNA structu-
ral polymorphism in solution (e.g. Depew and

DNA

crystallized Propeller
structure oligonucleotide Twist(®) Rise (A) Bp/turn twist Reference
A-DNA d(GGGGCCCO) 31.6 29 11.4 103 ~ McCall et al., 1985
B-DNA d(CGCGAATTCGCG) 37.3 33 9.7 13.0 Drew et al., 1981
Z-DNA d(CGCGCG) 60 (per 7.6 (per 12 46 Wang et al., 1979
dimer) dimer)




