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Fig. 3 The effect of topoisomerase I on Z-DNA antibody
binding. a, Phase contrast, and b, Z-DNA antibody-treated X 
chromosome that had been exposed to topoisomerase I (0.2 U 
, .. r' calf thymus enzyme for 30 min at 37 °C) and then 45% acetic 
acid (30 s). c, Phase contrast, and d, antibody-treated X chromo
some that had been exposed to 45% acetic acid (30 s) followed 
by topoisomerase I. In b, the level of fluorescence is typical of an 

acid-treated chromosome. It is reduced to background in d. 

from closed circular DNA extracted from SV40 chromatin 19
). 

It is of interest that Hamada eta/.23 have reported the equivalent 
of 2 x 103 copies of alternating dT-dG sequences, 50 bp long, 
with Z-DNA forming potential in the Drosophila genome. It 
has recently been shown24

'
25 that such (dT-dG)-sequences can 

be driven from the B- to the Z-conformation by a superhelical 
density of 0.047. 

It is quite possible that 45% acetic acid (apparent pH 1.6) 
may facilitate the transition from B to Z by a number of 
mechanisms in addition to providing torsional free energy. 
(1) In Z-DNA, the base pairs are rotated 180° away from the 
position they have in B-DNA1

• Strand separation at lower pH 
may well facilitate this rotation. (2) In Z-DNA, guanosine is 
in the syn conformation 1• There is optical evidence consistent 
with a change from the anti to the syn conformation for 
guanosine on protonation of the base26

• (3) Protonation of the 
primary phosphates in DNA, which has begun by pH 1.6 (ref. 
27), might favour the Z-conformation in which phosphate 
groups are closer than in the B1

. (4) The incorporation of DNA 
into nucleosome core particles stabilizes the B-conformation 
relative to the Z28

; conversely, release from a nucleosomal 
organization should intrinsically favour a B to Z transition. 

In conclusion, we have demonstrated that: (1) Z-DNA anti
bodies display only background-level binding to native 
Drosophila polytene chromosomes; (2) the binding is massively 
enhanced by prior exposure to 45% acetic acid; (3) depending 
on the extent of acid exposure, binding can be localized 
primarily to interbands or bands; and (4) the binding is depen
dent on torsional strain of supercoiling that, like the binding 
itself, can only be detected subsequent to acid treatment. This 
is the first demonstration that the Z-conformation in a cytologi
cal preparation of eukaryotic chromosomes is dependent on 
torsional strain. We have also shown that antibodies reacting 
with B-DNA have access to DNA in the native chromosomes. 

These findings indicate that a signficant proportion of DNA, 
in both bands and interbands, at least has a propensity to adopt 
a Z-conformation. However, the possibility that DNA, in 
chromatin, may be driven towards the Z-conformation by the 
liberation of torsional stress on the disruption of nucleosomes 
is a very real one, especially at low pH in acid fixatives . The 
fact that the torsional stress that may be generated on core 
histone extraction is in the range that can drive B to Z transi
tions, necessitates great care in extrapolating to in vivo confor
mations from the properties of chromosomes prepared in 45% 
acetic acid. Furthermore, the demonstration, described above, 
that variation in the conditions of acid fixation can lead to 
qualitative variation in the pattern of anti-Z antibody binding, 

offers a likely explanation for the paradox presented by different 
interband and band binding patterns observed in different 
laboratories to date6-8

• We have also recently observed that 
exposure of native chromosomes to 95% ethanol also leads to 
Z-DNA antigenicity, although to a lesser extent than 45% 
acetic acid (unpublished data). 
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WE recently reported in this journal (Hahn et al. 303, 253-256; 
1983) that DNA from one fresh cell sample and two cell lines 
that are positive for HIL V contained provirus integration at the 
same site while 10 other HILV-positive DNA samples did not. 
The conclusion was based on finding a rearranged DNA band 
that hybridized to a unique flanking cellular sequence called S2. 
In a note added in proof, we stated that an additional patient 
contained HILV at the same locus. We have since carried out 
an extensive survey of HTLV-positive cells and have not seen 
a recurrence of a rearranged S2 band. In re-evaluating the early 
data, we found that the DNA samples that contained rearranged 
S2 sequences were contaminated by CR1, a recombinant phage 
containing HTL V and S2 sequences. This was not found in any 
of the other HIL V provirus-positive fresh cells or cultured lines. 

Therefore, although we have evidence for HTL V provirus in 
many fresh leukaemic cell samples and cell lines, Wong-Staal et 
al., Nature 302, 626-628; 1983; and unpublished data), so far 
there is no evidence for a common integration site. Further
more, the cell line HUT78 is provirus-negative. 
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