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a b s t r a c t

The Yaba-like disease viruses (YLDV) are members of the Yatapoxvirus family and have double-
stranded DNA genomes. The E3L protein, which is essential for pathogenesis in the vaccinia virus,
consists of two domains: an N-terminal Z-DNA binding domain and a C-terminal RNA binding
domain. The crystal structure of the E3L orthologue of YLDV (yabZaE3L) bound to Z-DNA revealed
that the overall structure of yabZaE3L and its interaction with Z-DNA are very similar to those of
hZaADAR1. Here we have performed NMR hydrogen exchange experiments on the complexes between
yabZaE3L and d(CGCGCG)2 with a variety of protein-to-DNA molar ratios. This study revealed that
yabZaE3L could efficiently change the B-form helix of the d(CGCGCG)2 to left-handed Z-DNA via the
active-mono B–Z transition pathway like hZaADAR1.
� 2010 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.

1. Introduction

The Yaba monkey tumor virus (YMTV) and Yaba-like disease
virus (YLDV) are members of the Yatapoxvirus family and have
double-stranded DNA genomes [1]. All poxviruses have a gene
called E3L that is essential for pathogenesis in the vaccinia virus
[2–5]. The E3L protein consists of two domains: an N-terminal
Z-DNA binding domain and a C-terminal RNA binding domain
[2,3,6,7]. This N-terminal region shows sequence homology to
the Za domains found in human ADAR1 (hZaADAR1) [8] and in the
IFN-inducible DLM-1 of mammals [9] (see Fig. 1A). The Z-DNA
binding affinity of the Za domain of E3L is required for viral path-
ogenicity [2].

The crystal structure of the Za domain of the YLDV E3L ortho-
logue (yabZaE3L) bound to Z-DNA revealed that the monomeric
Za domain binds to one strand of Z-DNA while a second monomer
binds to the opposite strand, yielding twofold symmetry with
respect to the helical axis [4]. The overall structure of yabZaE3L

and its interaction with Z-DNA are very similar to those of hZaADAR1

and mZaDLM1 [8,9]. Recent NMR studies of the d(CGCGCG)2–hZaADAR1

complex [10] have suggested the active B–Z transition mechanism of a
six-base-paired (6-bp) DNA duplex (Fig. 1B), in which the hZaADAR1

protein first binds to B-DNA and then converts it to left-handed Z-
DNA, a conformation that is then stabilized by the additional binding
of a second hZaADAR1 molecule.

Here, to investigate the molecular mechanism of the B–Z tran-
sition of a DNA duplex induced by the yabZaE3L, we have per-
formed NMR hydrogen exchange experiments on the complexes
formed by yabZaE3L and d(CGCGCG)2 (referred to as CG6, Fig. 2B)
with a variety of protein-to-DNA (P/N) molar ratios. Comparison
of these results with those from the analysis of hZaADAR1–CG6 in
a previous study [10] leads to valuable insights into the molecular
mechanism of the B–Z transition of a DNA duplex induced by the
yabZaE3L protein.

2. Materials and methods

2.1. Sample preparation

The DNA oligomer d(CGCGCG) was purchased from M-biotech
Inc. (Seoul, Korea). The DNA oligomer was purified by a reverse-phase
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HPLC and desalted using a Sephadex G-25 gel filtration column. The
amount of the DNA duplex [d(CGCGCG)2, CG6] was represented as
the concentration of double-stranded sample. To produce 15N-la-

belled or 13C, 15N-labeled yabZaE3L, BL21(DE3) bacteria were grown
in M9 medium containing 1 g/L 15NH4Cl and/or 2 g/L 13C-glucose.
Expression and purification of 15N-labelled or 13C, 15N-labeled

Fig. 1. (A) Multiple sequence alignment of the Za proteins. Numbering and secondary structure elements for the Za domains of E3L from YLDV (yabZaE3L), human ADAR1
(hZaADAR1), and mouse DLM1 (mZaDLM1). Secondary structure is drawn on top of the sequence. (B) B–Z transition of a 6-bp DNA duplex by two Z-DNA binding proteins. B and
Z indicate the B-form and Z-form of the DNA duplex and P indicates the Z-DNA binding proteins.
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Fig. 2. (A) The 1D proton spectra of the CG6 DNA duplex in a 90% H2O/10% D2O solution containing 10 mM sodium phosphate (pH = 8.0) and 100 mM NaCl at 35 �C upon
titration with yabZaE3L. The P/N ratios are shown on the left of each spectrum. (B) Sequence contexts of the CG6 DNA duplex. (C) The fraction of Z-DNA (fZ) of the CG6 induced
by yabZaE3L (gray circle) and hZaADAR1 (open square) [10] at 35 �C as a function of the P/N ratio. Solid lines are simulated fZ of the DNA duplexes induced by yabZaE3L (black)
and ZaADAR1 (gray).
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